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(57) Abstract: The present application teaches compositions and methods of

using active polymer materials to manipulate solar radiation to improve or

otherwise alter plant growth, development, health and/or production. The
present disclosure addresses the need for versatile materials that can, in some
embodiments, be used to improve or otherwise alter plant growth, develop -
ment, health and/or production. In some embodiments, an active polymer
material capable of harvesting photon energy is used in an agricultural set-
ting. In some embodiments, the present invention provides a composition of
an active polymer material comprising one or more minerals suspended, em-
bedded or otherwise incorporated in a polymer matrix which is useful in an
agricultural setting.



ACTIVE POLYMER MATERIAL FOR AGRICULTURAL USE

CROSS REFERENCE TO RELATED APPLICATIONS

(0011 This Application clairus the benefit of U.S. Provisional Application No. 62/054,158,

filed September 23, 2014.

FIELD

(0021 The present disclosure relates to methods of using an active polymer material as well

as kits comprising an active polymer material for agricuttural use.
BACKGROUND

(0031 Advancements in modern agricultural practices such as fertilization, pest control,
plant breeding, and genetic engineering have revolutionized the production of food and raw
materials. Over the past century, the development of agricultural technologies has allowed
growers to meet the demands of a 400% increase in world population while sinnltancously
lowering the overall costs of agricultural products. With population growth rates predicted to
increase, there is still & great need for improved agricuitural technologics.

(0041 In particular, there is a growing demand for the development of agricultural

technologics which tmprove plant growth without genctic medifications or chemical sprays.
SUMMARY OF THE DISCLOSURE

[005] The present disclosure addresses the nced for versatile materials that can, in some
embodiments, be used to improve or otherwise alter plant growth, development, health and/or
production. In some emboediments, an active polymer material capable of harvesting photon
coergy is used in an agricultural setting. In some ewbodiments, the present invention
provides a composition of an active polymer material comprising one or more mincrals
suspended, emmbedded or otherwise ncorporated in a polywer roatrix which 1s useful i an

agricultural sctting.

[006] In some embodiments, the active polymer material is placed in close proximity o

and/or touching a plant, a plant part, or a plant tissue culture. In a specific embodiment, the
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active polymer material is placed within 30 cm from a plant, a plant part, or a plant tissue
culture. In another embodiment, the active polymer matenal is placed on or mixed with the

growth media in proximity to a plant or a plant part.

[007] The active polymer material described herein exhibits interesting, useful and
beneficial optical propertics. In some embodiments, the active polymer material interacts
with electromagnetic radiation by absorption, reflection, refraction, polarization, or
wavelength shifting. In one cmbodiment, the active polymer material of this present
disclosure absorbs a greater amount of infrared radiation when compared to a material made

with only the polymer matrix provided with the same source of radiation.

[008] In some embodiments, the active polymer material absorbs electromagnetic radiation
in the range between about 400 vru to about 14,000 nm. In sorme embodiments, the active
polymer material polarizes electromagnetic radiation n the range between about 400 nm o
about 14,000 v, In other embodiments, the active pelymer material exoits light w the range
between about 200 nm and about 1,100 nm. In a specific embodiment, said active polymer

material emits light in the wavelength between about 350 nm and about 800 nm.

[009] The active polymer material can be constructed into different forms and shapes,
which makes this material system very versatile. In some embodiments, the active polymer
material s extruded into a fiber. In some embodiments, said fiber is meshed. In other
embodiments, the active polymer material is extruded as a staple fiber. In some embodiments,
the active polymer material s extruded into 4 film. These are basic forms of the active
polvmer material that can be further mavipulated into more complex material forms. In some
embodiments, any of these basic forms of the active polymer material is placed in close

proximity to and/or touchiog a plant, a plant part, or a plant tissue colture.

(0101 Io sowe embodiments, said fiber coraprising the active polymer material is woven,
stitched, knitted, or sewn into a textiie or a fabric. In some embodiments, the textile 18 in a
form of a bag. In a specific embodiment, the bag may be meshed. The bag may be used to
hold a plant and its growth media. In some embodiments, said bag is filled with growth media

and a plant 1s planted in the growth media.

[011] In some embodiments, the textile is in the forrn of a sheet. In some erabodirnents, the
sheet is meshed. o other embodiments, the sheet can be placed over the growth media. In a

specific embodiment, an opening 1s cut out in the sheet to accommodate a stem or a trunk of

2
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the plant in order to place the sheet over the growth media and around the stems or trunks of

the plauts.

(0127 The fiber coroprising the active polymer material 1s, in some erbodiments, nov-
woven by felting, bonding, or fusing. In other embodiments, the active polymer material is
non-woven into a batting material. In some embodiments, the batting roaterial is die-cut into
desired shapes such as squares, vectangles, circles, ovals, donut-like shape, or triangles, for
example. In other combodiments, said dic-cut material cornprising the active polyraer material

is placed on top of the growth media and arcund a trunk or a stem of the plant.

(0131 In other embodiments, the fiber comprising the active polymer material is non-woven
into a sphere-like shape, like a cotton ball, having a diameter of about 0.5 om to about 5 om.
In some embodiments, the sphere-like shaped wmaterial comprisiug the active polymer
material is placed on top of the growth media and around a trunk or a stem of the plant. Ina
specific embodiment, the sphere-like shaped roaterial is mixed in with the soil and the soil s
placed around a plant, a plant part, or a plant tissuc culture. For one example of a sphere-tike

shaped material, see Example 7.

[014] The active polymer material may comprise a varicty of mineral compounds. In some
embodiments, the active polymer material comprises one or more mineral types selected from
the group consisting of silicon carbide (Si0), titanium dioxide (TiOy), aluminum oxide
(A4}, and silicon dioxide {810;). In some embediments, the total amount of all mineral

comprises about 1% to about 2% of a total weight of the active polymer material.

[0157 The active polymer material may comprise one or more types of polymer matrix. In
some embodiments, the active polymer material comprises one or wore polymer types
selected from the group consisting of polyethylene terephthalate (PET), polyester, nylon,

rayon, and spandex.
[016] The active polymer material used tn agriculture, in some embodiments, is Celliam®,

[0171 A lkat can be put together with the active polymer material with those components
deemed important to be used in combination. In some embodiments, a kit comprises a plant, a
plant part, or & plant tissue culture and an active polymer material which is capable of
harvesting photon energy. The active polymer material comprises a polymer mairix and at

lcast one type of mineral powder, wherein the mineral powder is suspended, embedded or
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otherwise incorperated in the polymer matrix. In some cmbodiments, the active polymer
roaterial which is a part of the lat joteracts with clectromagnetic radiation by absorption,
reflection, refraction, polarization, or wavelength shifting. In one embodiment, the active
polymer material absorbs greater amount of infrared radiation when compared to a material

made with only the polymer matrix and provided the same source of radiation.

(0181 In some embodiments, the kit is in the form of a bagged or a potted plant. In other
embodiments, the kit comprises a plant seed, bulb, wber, tuberous root, rhizome, and/or corm

embedded or enclosed in the active polymer material.

(0191 A different kit, in some embodiments, comprises a planting pot or a planting container
and an active polymer material which is capable of harvesting photon energy. The active
polymer material comprises a polymer matrix and at least one type of ruineral powder,
wherein the mincral powder is suspended, cmbedded or otherwise incorporated in the
polymer watrix.  In some embodiments, the kit comprises a planting pot or a planting
container with the active polymer material placed inside it. In other embodiments, the kit
comprises the planting pot or the planting container with the active polymer material lining

the inside and/or outside walls of the planting pot or the planting container.

(0201 In some embodiments, a kit comprises a plant growth media and an active polymer
material which is capable of harvesting photon cnergy. Said active polymoer material
comprises a polymer matrix and at least one type of mineral powder, wherein the mineral
powder i3 suspended, embedded or otherwise incorporated in the polymer matrix. In some

embodiments, the kit is in the form of a bagged growth media.

(0211 In some embodiments, one or more kits described previously comprise an active
polymer material that emits light in the wavelength berween about 200 nm and about 1,100
nra. In other ernbodirsents, one or more kits described previously comprise an active polymer
material that emits light in the wavelength between about 350 sm and about 800 nm. In some
embodiments, one or more kits described previously coraprise an active polymer raaterial that

is Celliant®,

(0221 One or more kits described previously, in some embodiments, comprise an active
polymer material wherein one or more mineral types is selected from the group consisting of
silicon carbide (8i0), titanium dioxide (Ti0;), aluminum oxide (AlLGs), and silicon dioxide

(51023, In other embodiments, one or more kits described previously comprise an active

4
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polymer material where one or more polymer type is selected from the group consisting of
polyethylene terephthalate (PET), polyester, nylon, vayon, and spandex. fo a specific
embodiment, one or more kits mentioned previously comprise an active polymer material
wheretn the minerals coraprise about 1% to about 2% of a total weight of the total active

polvmer material.

(0231 Harvesting photon energy, as mentioned earlier, encompasses a wide range of
clectromagnetic radiation. Some of the range in the electromagnetic spectrurm 18 not
bensficial to plants. In general ultraviolet Hght range (about 13-390 nm} may be harmful o
plants. A material that could convert ultraviolet light range into visible light region (about

390-770 nm) would be beneficial for plant growth.

(0241 In some embodiments, an active polymer material capable of absorbing ultravielet
light 1n the range of about 10 nm to about 400 nm is used in an agricultural setting. The active
polymer material comprises a polymer matrix and at least oue type of vmneral powder, which
is suspended, embedded or otherwise incorporated in the polymer matrix. In a specific
embodiment, the active polymer material is placed in close proximity to and/or touching the

plant, plant part, or plant tissue culture.

(0251 In some embodiments, the active polymer material emits light in the wavelength
between 200 nm and 1100 nim. In other embodiments, the active polymer material omits light

in the wavelength between 350 and 800 nm in wavelength.

[026] The active polymer material capable of absorbing ultraviolet light may be comprised
of a variety of mineral compounds. In some embodiments, the active polymer material
comprises one or roore raineral types selecied from the group counsisting of silicon carbide
{(51C), titanium dioxide (Ti0,), aluminum oxide (A1), and silicon dioxide (81(,). In some
embodinents, the total amount of all minerals comprises about 1% to about 2% of a total

weight of said active polymer material,

(0271 The active polymer material capable of absorbing ultraviolet light may comprise one
or more types of polymer matrix, In some embodirnents, the active polymer material
comprises one or more polymer types selected from the group consisting of polyethylene

terephthalate (PET), pelyester, nylon, rayon, and spandex.

[
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(0287 The active polymer material, capable of absorbing ultraviolet light, used in

agriculture, in some erabodiments, is Celliant®,
BRIEF DESCRIPTION OF THE FIGURES

(0297 FIGURES 1A-ID depict a portion of the electromagnetic specirum including
wltraviolet light, visible light, and infrared light. FIGURE 1A- depicts a traditional plant
photosynthetic light use profile. FIGURE 1B~ depicts an example light manipulation by the
active polymer material of the present invention, wherein damaging UV and other IR portions
of the spectrum are shifted back into visible light in the photosynthetic range. FIGURE 1C-
depicts an example light manipulation by the active polymer material of the present
invention, wherein IR light is absorbed and emitted, at a different wavelength than the
wavelength that was absorbed. FIGURE 1D- depicts an example hight reflectance

enhancement in the IR light range by the active polymer material of the present invention.

(0301 FIGURES 2A and 2B depict one embodiment of the soil covers of the present
vention, FIGURE 2A- control soil covers made with standard polyester. FIGURE 2B- test
soil covers made with active polymer material. The circular cut out in the center

accommodates a plant’s stern or a trunk.

(0311 FIGURES 3A and 3B illustrate the improved growth characteristics of plants grown
with active polymer material. FIGURE 3A- A plant grown with active polymer material.

FIGURE 3B- A plant grown with control polymer matenial (polyethylene terephthalate).

10327 FIGURES 4A and 4B illustrate an cxample application of active polyroer material as
rouich FIGURE 4A- A cucursber plant with active polymer mulch covering growth media.

FIGURE 4B- A cucumber control plant growing on untreated growth media.

[033] FIGURES SA and 3B illustrate the improved growth characteristics of plants grown
with active polymer waterial. FIGURE 5A- Papaya plant grown with active polymer

material. FIGURE 3B- Untreated control papaya plant.

(0341 FIGURE ¢ illustrates the use of a soil cover made with an active polymer material to

grow plants according to the present invention.

(0351 FIGURE 7 is a picture of the active polymer material extruded as a staple fiber that

was nen~woven into a sphere-like shape.
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(03617 FIGURE 8 is a picture of the active polyimer material which was extruded as a staple

fiber that was nov-woven into a batting material,

(0371 FIGURE 9 is 4 picture of a sheet made with au active polymer material which is used

as a soil cover.

(03] FIGURE 16 is a picture of an active polymer material which is used in a seil

cultivation study.

(0391 FIGURE 11 is a reflectance spectrumm oun the wavelength range of 200 nm to 2300 nm

(0.2 umto 2.5 umy.

[040] FIGURE 12 is a reflectance spectrum on the wavelength range of 3000 nm to 15000

i {3 pwm to 19 um).

(0417 FIGURE 13 is a transmittance spectruin on the wavelength range of 200 nm to 2500

nr (0.2 um to 2.5 um).

(0421 FIGURE 14 s a transmsittance spectrum on the wavelength range of 3000 nm to

19000 nm (3 um to 19 um).

[043]1 FIGURE 15 is an absorptance spectrum on the wavelength range of 200 nm to 2500

nm {6.2 w to 2.5 po).

(0441 FIGURE 16 is an absorptance spectrum on the wavelength range of 3000 nn to

19000 nm G pm to 19 pm).
DETAILED DESCRIPTION OF THE DISCLOSURE
Definitions

(0451 While the following terms are believed to be well understood by one of ordinary skill
in the art, the following definitions are set forth fo tacilitate explanation of the presently

disclosed subject matter

(0461 The term “2” or “an” refers to one or more of that entity; for exarople, “a plant” refers
te one or more plants or at least one plant. As such, the terms “a” {or “an”), “one or more”
and “at lcast one” are used interchangeably herein. In addition, reference to “an clement” by

the indefinite article “a” or “an” does not exclude the possibility that more than one of the

7
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clements is present, unless the context clearly requires that there is one and only one of the

elements.

(0471 As used herein, the verb “comprise” as 1s used in this description and in the claims
and its conjugations are used in its non-limiting sense to mean that items following the word

are inchuded, but tterus not specifically mentioned are not excluded.

(0481 As used bherein, the term “plant” refers to any Hving organism belonging to the
kingdom Plantae {i.¢., any genus/species in the Plant Kingdom). This includes familiar
organisms such as but not lirotted to trees, flowering plants, herbs, bushes, grasses, vines,
ferns, mosses and green algae. The term refers to both monocotyledonous plants, also called
monocots, and dicotyledonous plants, also called dicots. Non-limiting cxamples of particular
plants include corn, potatoes, roses, apple frecs, sunflowers, wheat, rice, bananas, tomatocs,
pumpking, squash, lcttuce, cabbage, cak trees, geraniums, hibiscus, clematis, poinscttias,
sugarcane, taro, duck weeds, pine irees, coconut trees, brassica leafy vegetables (e.g.,
broceoli, broccoli raab, Brussels sprouts, cabbage, bok choy, Napa cabbage, cauliflower,
cavalo, collards, kale, kohlrabi, mustard greens, rape greens, and the like), leaty vegetables
{e.g., romaine, iceberg, and the like}, bulb vegetables (e.g., garlic, leck, onion, shallot, and the
likey, citrus fruits {c.g., grapefruit, lemon, lime, orange, tangerine, citrus hybrids, pomelo, and
the hike), cucurbit vegetables {e.g., cucumber, citron melon, edible gourds, gherkin,
muskraelons, water-melon, camtaloupe, squash, pumpkin, zucchini, and the like), fruiting
vegetables {e.g., eggplant, ground cherry, pepino, pepper, tomato, tomatiilo, and the like),
root/tuber and corm vegetsbles {(c.g., potato, carvot, beet, and the like), tree nuts {e.g.,
almond, pecan, pistachio, walmut, and the like), berries {e.g., barberry, currant, elderberry,
gooscberry, honcysuckle, mayapple, nannyberry, hackberry, bearberry, lingonberry,
strawberry, sea grape, lackberry, cloundberry, loganberry, raspberry, salmonberry,
thimbleberry, wineberry and the like}, cereal crops {(e.g., corn, rice, wheat, barley, sorghum,
mtllet, oat, rye, iriticale, buckwheat, fonio, guines, and the like), pome frust {c.g., apples,
pears, and the like), stonc fruits {c.g., coffce, jujube, mango, olive, coconut, oil palm,
pistachio, apricot, cherry, damson, nectaring, peach, plum, and the ike), vine {c.g., grape,
kiwi, and the like), fiber crops {(e.g.. hemp, cotton, flax, and the like), and ormamentals (e.g.,
turf, gerantum, pelargonia, petunia, begonia, fuchsia, and the like} to name a few. The plant
roay i some embodiments be a houschold/domestic plant, a greenhouse plant, an agricultural

plant, a silvicultural plant, or a horticultural plant. In some embodiments the plant may be a
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hardwood such as one of acacia, eucalyptus, hornbeam, beech, mahogany, walnut, oak, ash,
wiliow, hickory, birch, chestrut, poplar, alder, maple, sycamore, ginkgo, 4 palm tree, sweet
gum, and the like. In some embodiments the plant may be a conifer such as a cypress, a fir, a
sequoia, a hemlock, a cedar, a juniper, a larch, a pine, a redwood, a sprace, a yew and the
like. In some embodiments the plant may be a fruit bearing woody plant such as apple, plum,
pear, banana, orange, kiwi, lemon, cherry, grapevine, papaya, peanut, fig, and the hke. In
some embodiments the plant may be a woody plant such as cotton, bamboo and a rubber
plant. The plants, 1o some embodiments, are of cconomic importance. According to the
context of ifs use, in some instances the term “plant” may also be intended to include any

plant propagules, plant parts, or plant tissuc cultures 1 addition to the whole plant.

[0491 As used herein, the term "plant part” refers to both complete plants and of parts of
plant. Non-livatting examples of plant part may wnclode embryos, pollen, ovules, seeds, buibs,
tubers, tuberous roots, rhizomes, corms, leaves, flowers, branches, frutt, kernels, cars, cobs,
husks, stalks, roots, root tips, anthers, stem shoots, scions, rootstocks, needles, stalks, plant
protoplasts, plant cells including plant cells that are intact in plants and/or parts of plants,

plant calli, plant clumps, plant tissues, plant tissue cultures, and the hke.

10507 As used herein, the term “plant tissue culture” refers to a composition comprising
isolated cells of the same or a different type or a collection of such cells organized into parts
of a plant. Non-limiting exaruples of plant tissue cultures include plant protoplasts, plant calli,
plant clumps, and plant cells that can generate tissue calture that are intact in plants or parts
of plants, such as embryos, polien, flowers, sceds, pods, lcaves, stems, roots, root tips,

anthers, pistils and the like.

(0511 As used heretn, the term “agricultural use” refers to use of the designated compound
or & material in association with growing a plant or in association with the land used to grow
plants or to raise animals for food or economic gain. Agriculture use encormpasses all types of
agricultural landscapes and types. Non-limiting exaraples of different agricultural types or
technique include greenhouses, plains, ficlds, paddy ficlds, deserts, marsh, torraces, hills,
‘olls, hydroponics, somi-hydroponics, acroponics, fogponics, organoponics, undergrounds,
tunncls, walls, indoor ficlds, indoor gardens, gardens, rooftops, bonsai, plantors and pots,

grow boxes, grow rooms, Fokewalls, and the like.
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(0521 As used herein, “improved plant growth” or “improved growth characteristic” refer to
the improvement of at least one morphological, physiological and/or phenotypical
characteristic of a treated plant {i.¢., a test plant) when compared to an untreated plant (ic., a
control plant). Representative plant growth parameters include but are not limited to the
following: above ground height, above ground plant width, root mass, number of branches,
branch angic, total above ground plant mass, total plant weight, days to first flower, number
of fruits, weight of fruits, mean fruit weight, number of seeds, weight of seceds, mean seed
weight, tuber weight, tuber diameter, leaf gize, leaf weight, leaf length, leaf width, leaf arca,
number of leaves, stem length, stem weight, stem diameter, number of petioles, length of
petioles, number of ovaries, pollen amount, pollen size, standability, resistance to lodging,
discase resistance, discase avoidance, cold hardiness, heat tolerance, drought tolerance, days
to maturity, days to pollen release, color, emcrgence, rate of photosynthesis, mumber of
nodes, length of node, number of lateral roots, length of primary root, number of stomata,
density of stomata, number of stolans, stolan length, number of rhizomes, rhizome length,
and harvestibility. In some ersbodimments, weight of a plant or a plant part refers to fresh

weight or dried weight,

(053] As used herein, the term “active polymer” refers to a system comprising one or more
types of minerals and a polymer matrix wherein said mineral particles are suspended,
embedded, or otherwise incorporated in said polymer watrix. The active polymer is capable
of harvesting photon energy. The active polymer will be described in greater detail elsewhere
herein. For the purposes of this application, the terms “active polyraer” and “active pelymer

material” are used interchangeably.

[0541 As used herein, the phrase “harvest photon energy” refers to the act of absorbing
photons whereby a molecule or atom comprising the material absorbing the photon
transitions from the ground state to the excited state. Photons are particles representing
quarturn units of light, both visible and invisibic to the naked cye, and carrying cnergy

proportional to the electromaguetic radiation frequency.

{0551 As used herein, the term “absorption” refers to the physical process of absorbing light

(3 E

and terra “sbsorbance” refers to a mathematical quantity expressing the ratic of hight or
radiation that falls upon a material and the amount that gets transmitted through the material,
As used herein, the term “absorptivity” and “absorptance” refers to the optical absorption

propertics exhibited by a material.

10
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[056] As used herein, the term “transmission of light” refers to the light that is passed
through a material without being sbsorbed. As used herein, the term “ransmissivity” and

“transmittance” refers to the optical transmission properties cxhibited by & material.

~

[0571 As used herein, the term “reflection” refers to the light that bounces back upon hitting
a material or the light and its encrgy that is re-emitied upon hitting a material. As used herein,
the term “reflectivity” or “reflectance”™ refers to the optical reflection properties exhibited by

a material,

[0581 As used herein, the termm “refraction” refers to a change in the transmitted light

direction due to change in the transmission medium such as water or glass.

[0591 As used herein, the term “polarize” refers to the physical process in which light or
radiation reflects off of or partially passes through a particle or a material where the direction
of clectric and magnetic ficld vectors in the wave is altered. Polavization of light or radiation

may be partial or complete.

(0601 As used herein, the term “omit fight,” “omitting light,” or “emission of light” refers to
the physical process i which the excited state of the molecule or an ators duce to absorption
of cnergy falls back to its ground state thercby relcasing energy in the form that can be
quantified by its wavelength or a range of wavelengths. As used herein, the term “emissivity”

or “emittance” refers to the optical emission properties exhibited by a material.

(0611 It is noted that the National lnstitute of Standards and Technology (NIST) has
recommended to reserve the ending “-ivity” (such as in reflectivity and transmissivity) for
radiative properties of pure, perfectly smooth materials and using the ending “-ance” (such as

in reflectance and transmittance} for rough and contaminated surfaces.

(33}
H
L

[0627 As used herein, the term “light scattering” refers to a physical process in which light
is reflected off of an object in many different directions due to the nrregularities of the hitting
surface or when hitting interfering particles, that is in between the object and the source of

fight. Sroall particies suspended v air can cause light scattering.

[0631 As used herein, the terma “refractive index” refers to the ability of a particular

substance to bend light when light is entering said substance.

it
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(0641 As used herein, the term “extrude” refers to a process in which a material is forced ou

e

through a die to forrmo material into certain shapes.

M

(0651 As used herein, the term “fiber” refers to an elougated, thread-like structured material
having a characteristic longitudinal dimension (length) and a characteristic transverse
dimension (diameter), wherein fibers can be used as component of a composite material by

weaving or stitching. Fibers can be short {discontinuous) or long {continuous}.

[066] As used herein, the term “denier” refers to a unit of measure for the linear mass
density of fibers. For example, a fiber having a length of 9000 m and weighing 1 gram has a

denier of 1.

[067] As used herein, the term “staple fiber” refers to a short or discontinuous fiber where

the length of the fiber is cut in the length approximately from about .1 ¢m to about 15 cm.

[068] As used herein, the term “film™ refers fo a flat or tubular flexible structure of the

material used.

[069] As used herein, the termm “mesh” rofers to a composition constructed of a material

having the appearance of a net (¢.g., with holes, or pores}.

(0701 As uscd herein, the torm “batting material” refors to a material made of a soft, bulky

assembly of non-woven fibers or foam.

(0711 As used herem, the torm “dic-cut” refers to a process in which fiber, textile, or

material is cut into shapes using a die.

(9721 As used herein, the term “growth media,” “growing media,” or “plant growth media”
refers to various natural and artificial media which support plant growth. Non-limiting
examples include natural or artificial soil, peat moss, sand, clay, pumice, organic mulch, rock,
wool, rockwool, vermiculite, growstones, coir, rice hulls, perlite, gravel, wood fiber, sheep
wool, brick shards, polystyrene packing peanuts, natural and synthetic f{ibers, potting
mixtures of organic and inorganic matter, artificial media such as polyurcthane foam, and the

Hke.

(0731 As used herein, the term “kit” refers to components intended for usc together. An

indication that components of a kit are for use together can be, for example, packaging of the



compenents in a single package, or labeling cither or both of the components as being for use

i combination, or both,

{0747 As used herein, the termn “Celliant®” rvefers to a patented material and technology
described by U.S. Pat. No.7,074,499. Celliant® is a bi-component material comprising of
thermo-reactive particles which are embedded into fibers. Textile made from Celliant® fiber
is shown to effectively convert body heat inte wmedically useful infrared radistion.
Therapeutic values of infrared radiation include promotion of blood circulation and increase
in oxygen level in the blood stream. In some embodiments Celliant® comprises 55% SiC,

25% Ti0,, 5% Si0;, and 15% ALO; minerals composition,

[075] Unless defined otherwise, all technical and scientific terms used herein have the same
meanings a8 corsroonly understood by one of ordinary skill in the art to which this wvention
belongs. Preforred methods, devices, and materials are described, although any methods and
materials similar or equivalent to those described herein can be used in the practice or testing

of the present invention

Plants and Electromagnetic Radiation

[076] The sun produces clectromagnetic radiation over a broad spectrum  including
ultravielet light, visible light, and infrared light. Ultravielet {11V} light has wavelengths from
about 10 nm to about 390 nm which can be further subdivided into far (10 to 200 nm), mid
(200 to 300 nm}, and pear (300 to 390 nm) spectra regions. Next to the UV light region is the
visible light region which carries less energy than UV light. Visible light is only a small band
in the electromagnetic spectrum with wavelengths between about 390 nm and about 770 v,
which are further divided into violet (390-430 nm), blue (450-495 nm), green (495-570 nm},
vellow (578-390 nm), orange (590-620 nmy, and red light (620-770 uyru). Infrared (IR) Hght,
even less energy than the visible light, spans from about 770 nm to about 1060 wm and
includes near {770 1o 1500 nm), mid (1500 nm to & pra), and far {6 1o 1060 um) regions. A
depiction of various regions of the electromagnetic spectrum can be seen in Figure | of the

application,

[077] Plants depend on cnergy from the sun to grow. Photosynthesis is a well-known
chemical reaction by which eclectromagnetic radiation is absorbed through chlorophyil

pigments to trigger clectron transport chains, and ultimately lead to the production of

i3
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chemical energy stored in the form of proteins, sugars, and oils. This process however only

utilizes a small portion of the solar radiation.

(0787 Photosynthesis typically only occurs with visible light in the range of about 400 nm to
700 nm, which makes up about 42% of the total solar radiation energy. Even within this
narrow range, light absorption by the chlorophyll pigrments of green plants is further focused
on the 430 nm {(blue} and 670 nm {red) regions of the spectrum (Singhal, G. S. et. al.
“Concepts in Photobiology: Photosynthesis and Photomnorphogenesis™ Eds. 1999, Kluwer
Academic Publishers). Thus photosynthesis, while critical to plant growth only utilizes a

smaall portion of the electromagnetic radiation emitied by the sun.

(0791 Other portions of the light spectrum can affect plant growth and development in other
ways. For example, plants have evolved hght receptors which allow thers to “sense” their
environments and respond to changing conditions (Photomorphogenesis, Singhal, G. 8. ¢t. al.
“Concepts 1o Photobiology: Photosynthesis and Photomorphogenesis” Eds. 1999, Kluwer
Academic Publishers). Changes in light intensitics, periods, and wavelenpths can have
profound cffects on plant morphologies ranging from germination, flowering times, shade
avoidance, vegetative growth, anthocyanin accumulation, and stomatal openings {Wang et al.
“Contributions of green light to plant growth and development” Am. J. Borany 2813, 1, 70-
78). Furthermore, each plant’s response to various hght cues will depend on the species,
growth stage, and geographical acclimation of said plant. For example, the germination of
certain species 1s triggered by red light, while the germination of other species is triggered by
blue light, or a combination of blue or red light with green light (Wang ¢t al. “Contributions

of green light to plant growth and development” dm. J. Botany 2813, 7, 70-78).

[OR0]  Another important role of solar radiation is ifs ability to produce heat. IR radiation
accounts for almost half of the solar radiation reaching the carth {(about 49%). This IR portion
of the spectrum 1s readily absorbed by water and carbon dioxide molecules which in turn
convert that energy into heat released into the environment. By affecting the temperature of
soils and plants, IR light can influcnce the growth and development of plants (“Soul
Temperature and Plant Growth in the Northorn Great Plaing” Willis, W, O ¢t al. Prairic: A
Multiple View: 1975, University of North Dakota Press, Grand Forks, Wali, Mehan K. Ed.).
Indeed soil toemperature can have profound effects on the timing and speed of plant seed
germinations {Roberts EH et al., “Temperature and Seed Germination.” Sympo Soc Exp Biol

19RK;42:109-32). IR radiation has also been found to increase microbial activity and result in

14
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favorable conditions for plant growth such as faster breakdown of nutrients by microbes

(Nature 2008, 440, 165-173).

[OR1] Plavts themwselves may also use solar radiation for their own purposes. By carefully
controlling the spectrum of reflected light, plants have cvolved visual cues to discourage
potential predators (e.g., herbivores), and attract desired pollinators (e.g.. insects and birds)
{Lunau, K. et. al. “Innate Colour Preferences of Flower Visitors” J. Comp. FPhvsiol 4 1995,
177, 1-19). In some cascs, the reflective properties of a flower have ovolved such that the
reflected spectram is only visible to selected organisms {Vignolini et al. 2014, *“The flower of

Hibiscus trionum is both visibly and measurably iridescent.” New Phytol July 16).

[082] Solar radiation cutside of the visible light range can alse be harmful to plants,
especially when shined in excess. UV light coustitutes only about 8% of total solar radiation,
but can cause scrious damages to plant DNA, proteins, and membrancs (UV-B light 280-313
nrn} { Trends in Plant Science 1998, 3, 131-135). UV-B hLight is present even if the sunlight s
maostly blocked by the clouds on an overcast day. The ratio of UV-B light and visible light is
also mmportant in protecting the plants from UV-B damage. Thus, consecutive cloudy days
may be damaging to plants because the ratio of UV-B to visible light is high (Plant, Cell &

Environment 1994, 17, 295-301).
Optimizing Plant Growth Through Light Manipulation

(0837 The manipulation of light to optimize plant growth has been a goal of growers for
many years. One type of light manipulation has been the attenuation of Hght intensity through
the use of shade coverings (Ghosal et al. 2003, “Modeling and experimental validation of a
greenhouse with evaporative cooling by moving water film over external shade cloth” Energy
and Buildings Vo! 35:8 pg 843-850). Gther attempts at using colored materials have led to
fimited control of visible spectrums through coverings or nettings (Al-Helal, 1. M. et. al.
“Measuring and Evaluating Solar Radiative Properties of Plastic Shading Nets” 2811, 93,

677-683).

(0841 Perhaps one of the most obvious examples of light mantpulation has been the use of
greenhouses for indoor plant cultivation. Greenhouses are traditionally built to retain the
ctfects of IR radiation, while also using glass panels to filter out harmful UV spectruras.
Maodern greenhouses are also equipped with sophisticated shading and lighting systems to

supplement for reduced solar radiation, or protect plants from cxcess exposure.
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(0851 More recently, the use of custom light emitting diode lamps (LEDs) have allowed
researchers o carcfully tatlor Hght profiles to meet fndividual plant’s needs in laboratory
settings and limited greenhouse settings. For cxample, in a particular experiment, increased
levels of biue lHght were found to stunt strawberry plant elongation, while increased red light
was found to increase plant height and flowering rate (Folta et al,. 2008 “Light as a Growth
Regulator: Controlling Plant Biology with Narrow-bandwidth Solid-state Lighting Systerns”

HoriScience 2608, 7, 1951-1856).

[OR6]  Another example of light manipulation to regulate plant growth is the use of polarized
light. Polarization refers to the physical process in which the direction of light wave vibration
is altered. Solar radiation is not polarized as it shines onto the Earth, Non-polarized light from
the sun thus cxhibits wave vibrations in all dircctions. Polarizers are materials that filter
specific directions of wave vibration, only allowing single direction wave orientations fo pass
through. One of the most familiar examples of this phenomenon is the production of
polarized sunglasses which can be designed to reduce light reflections with certain wave
orientations. Certain polarizers, such as a circular polarizer, have been shown to affect plant
growth when the polarized light is absorbed by the interior of the leaves or the stems
(Shibayev, P. P. et. al. “The Effect of Circularly Polarized Light on the Growth of Plants” /nz.

J. Botany 2814, 7, 113-117).

[087] These experiments, while key for developing the concepts of dynamic light
manipulation, are not practical for consumer application. The equipment and energy costs
associated with LED lighting make efforts to provide artificial lighting at a large scale very
expensive if not cost-prohibitive. Siratlarly, the indisciminate use of polarizing filters cav
significantly reduce light intensity and lead to undesirable plant morphologies. Finally, the
above described laboratory approaches only accounted for the use of light as a biological
signal, and did not incinde teachings of the outdoor manipulation of the effects of IR heating,
or the selective mitigation of UV radiation. Furthermore, current limiting applications of LED
lighting for the use in greenhouses have excluded far IR considerations as an effective

wavelength use.

(0881 Thus there still cxists a need for alternative methods to mampulate light spectra in

commercial greenhouse and field settings.

Active Polymer Material

16
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[0891 The present disclosure addresses the challenges associated with harvesting solar
cnergy and effectively utilizing it for plant growth. The present disclosure s based in part on
the inventors’ discovery that active polymer materials (APM) can be produced to create
custom hght reflection and absorption profiles designed to enhance plant growth and/or direct
plant development. The present disclosure teaches APM compositions, and wmethods for

producing and using said APMs.

(0901 In sorac embodiments, APMs comprise at least one type of roncral and a polymer
matrix, wherein the mineral is suspended, embedded or otherwise incorporated in the
polymer matriz, In some embodiments, the active polymer material is capable of absorbing
photon energy in the electromagnetic Hght spectrum and shifting the wavelength of light o
another desired portion of the spectrum. In other cmbodiments, the active polymer material
mteracts with electroroaguoetic light by absorbing, reflecting, refracting, polarizing and/or
shifting the wavelength. Thus in some embodiments the APM combines the mineral and

pelymer components to create costom light absorption and reflective profiles.
Mineral used in the Active Polymer Material

[091] In some cmbodiments, the active polymer material comprises at least one type of
mineral. Said mineral is selected based upon several characteristics. In some embodiments,
mincral of the present invention are biologically benign, or mert. In other embodiments, said

raineral exhibits optical properties of being transparent or semi-transparent.
Fluorescence

(092} Iv some emboduments, the mineral of the present invention is chosen for is ability to
fluoresce. For cxample, in some embodiments, the present invention teaches the use of
minerals such as caleites and ambers which fluoresce under UV light in various colors of the
visivle range. Thus in some embodiments, the minerals of the present invention absorb
radiation in the UV spectrurm, not visible to human eyes, and release said energy in the forrn
of Hght in the visible light range. For representative examples of UV shifting minerals, sce

EP (579835, UK. Pat. No. 5,958,294, and Chinese Pat. App. No. 103,224,660,

(093] In some cmbodiments, the mineral of the present imvention comprisc one or more
compounds of the general deseriptor X, Y,, wherein X does not equal Y (e.g., X £ Y), one or

more clements can be selected to form X, one or more elements can be selected to form Y,
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and m and n are greater than or equal to | and less than or equal to 100, independently
independently selected from the group consisting of hydrogen (H), lithiuvm (Li), beryllium
{Be), sodium (Na), reagnesium (Mg}, potassium (K, calcium {Ca), rubidium {(Rb), strontiam
{Sr}, cesium {Cs), barfum (Ba), franctum (Fr), radium (Ra), scandium (S¢), titantum (T},
vanadium (V), chromium (Cr), mangancse (Mn), iron (Fe), cobalt {Co), nickel (Ni), copper
(Cu), zine (Zn), vttrium (Y), zirconium (Zr}, nisbium (Nb). melybdenum (Mo}, technetium
{Tcy, ruthenium (Ru), thodium (Rh), palladium (Pd), silver (Ag), cadminm (Cd), lutetium
(L), hafnfum (Hf), tantalum {Ta), tungsten {W,) rhenium (Re), osmium {Os), ridium {Ir},
platimam (Pt} gold (Au), mereury (Hg), lawrenciurn (Lr), rutherfordium (Rf), dubnium (Db},
seaborgium (Sg), bohrium (Bh), hasstum (Hs), meitnenium (Mt), darmstadiiur (Ds), randon
{Rn), indium (In), boron (B}, carbon (), nitrogen (N), oxygen {0}, fluorine (F}, aluminum
{AD), silicon (81), phosphorus (P), sulfur (S}, chlorine (C1), gallium (Ga), germanium {Ge),
arsenic {As}, sclenium (Se), bromine (Br), indium (In}, tin (Sn), antimony (8b), tellurium
(Te), todine (1), lead (Pb), bismuth (Bi), polonium (Po), astatine (Atf), ununirium (Uut),
thallivem (71}, ununpentium (Uup), lutetium (Lu), ununseptium {(Uus), lanthanum {La), cerium
(Ce), prascodymium (Pr), neodymium (Nd), promethinm (Pm), samarium (Sm), europium
{Fu), gadolintum (Gd), terbium (Tb), dysprosium (DBy), holmium (Ho), erbium {(Er), thulium
{Tm), yitterbium {YDb), actintum {(Ac), thoriurn (Th), protactinium (Pa), uraniura (U},
neptusium  (Np), plutontum  (Pu), americtum (Am), curium (Cm}, berkelium (Bk),

californium {Cf)}, einsteiniurm {Es), formium (Fm), mendelevium (Md), and nobelium (No).

(0941 In some embodiments, the mineral comprises one type of mineral compound. In other
embeodiments, the mineral comprises one or more types of mineral compounds. Thus in some
embodiments the mineral may comprise X, Y2, formula, where X, Y and 7 cach represent
an cleracnt or g mincral compound and ro, n and o represent the relative ratios of their
respective elements or mincral compounds. In other embodiments, the mineral may comprise
X ¥ LW, formula, where X, Y, Z, and W cach represent an clement or a mineral compound

and m, n, o, and p represent the relative ratios of their respective elements.

(0951 In somse embodiments, X, Y, Z, and W in the mineral composition of X, Y. Z.W,, is

cach selected from the group consisting of S1, Ty, AL Ca, Na, Cua C, O, N, and 8.
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(0961 In other embodiments, one or more minerals in the active polymer material are
selected from the group counsisting of silicon carbide (SiC), calciuom carbide {(Ca(Cy), titaniurm

dioxide (Ti0;), sluminum oxide (AL, O5), and silicon dioxide {(8i0;).

[0971 In some embodiments, the minerals in the active polymer material comprise SiC,

TiOy, 510, and ALOs.
Mineral 8ize and Shape

(0981 In some embodiments, the mineral particles of the present invention are processed
into certain sizes or shapes to alter their optical properties. In some embodiments, the mineral
particles are reduced in size and shape by a process known in the art, such as grinding,
polishing, or tumbling. These processes help to determine the particle size of the mineral, the
conceniration of each type of minerals, and the physical characteristics of the mineral. The

physical characteristics raay include the smoothness and/or shape of the muneral particles.

(0991 In some embodiments, the mineral particles are reduced in stze to a substantially
scalloped shape. Said substantially scalloped shaped mincral particles may shift wavelengths
of received light. In other embodiments, the mineral particles are reduced in size to
substantially spherical shape. Said substantially spherical shaped mincral particles may
shorten wavelength of the received hght. In other embodiments, the mincral particles are
reduced in size to substantially triangular shape with round edges. Said substantially
triangular shaped mineral particles with round edges may reflect, absorb, or scatter the
received light. In other embodiments, the mineral particles are reduced in size to substantially
convex shape. While not wishing to be bound to any particular theory, we believe said
substantially convex shaped mineral particles allow for maximourn surface area to interact

with light.

(1001 In some embodiments, the average mincral particle size is about 0.5 to about 2.0
microns. That is, the mineral particle may have an average size of about 0.50 microuns, 0.55
raicrons, 0.60 microns, 0.65 microns, $.7¢ microns, (.75 microns, 0.80 microns, (.85
microns, .90 microns, .95 microns, 1.0¢ microns, 1.5 microns, 1.10 microns, 1.15

microns, 1.20 microns, 1.25 microns, 1.30 microns, 1.35 microns, 1.40 microns, 145

Ll

microns, 1.50 microns, 1.535 microns, 1.55 microns, 1.60 microns, 1.65 microns, 1.70
microns, 1.75 microns, 1.8¢ microns, 1.85 microns, 1.90¢ microns, 1.95 microns, or 2.00

MiCTOns.
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[101] In some embodiments, the average mineral particle size iy about 0.5 to about 2.0
rotcrons. That is, the mineral particle roay have an average size is in the range of about 8.50-
0.60 microns, 0.60-0.70 microns, 0.70-0.80 microns, 0.80-0.90 microns, 8.90-1.00 microns,
1.0G-1.10 wicrons, 1.10-1.20 wmicrons, 1.20-1.30 microns, 1.30-1.40 microns, 1.40-1.50
microns, 1.50-1.60 microns, 1.60-1.70 microns, 1.70-1.80 microns, 1.80-1.90 microns, and

1.90-2.00 microns.

[102] In some embodiments, the mineral particle size may be related fo the target
wavelength of its absorption. For example, if the target absorplion is about 750 nim, then the

mineral particle may be reduced to a size of about 750 nm.

(1031 In some cmbodiments, the minersl particles may be ground to reach an approximate
particle size of about 0.5 microns to about 2.0 microns. For exaraple, titaniom dioxide may be
ground to a grain size of between about 1 micron and about 2 microns and may be triangular
with rounded edges. Aluminum oxide may be ground to a grain size of between about 1 and
about 1.5 microns and may be scalloped-shaped. Silicon dioxide may be ground to a grain

size of about | to about 1.5 microns and is generally rounded.

[104] In some cmbodiments, the present invention teaches a dry weight ratio of the active

maﬁteriz:ls Of 5:‘,0/6 Si(‘ ,_50/0 Ti()g 5‘% Si@g. and 1_50/23 Aig(}x
3 2 M
Pi){ym er Muatrix

(1051 In some embodiments, the minerals of the APMs are embedded within a polymer
mattix. In some embodiments, the polymers for the APMs arc chosen for their ability to hold
the mineral particles. In other ersbodiments, the polymers for the APMs are chosen so that

the mineral and the polymer matrix do not chemically react.

[106] In other embodiments, the polymers of the APMs are chosen for their ability to be
shaped or manufactured for particalar uses. Sovse polymers are flexible and can be
manipulated and re-shaped multiple times. For example, polyethyvlene terephthalate (PET) is
a thermally induced shape-memory polymer that can lose its form at high temperatures, and

be reformed into useful shapes.

(1071 In some embodiments, the polymers of the APMs are chosen for their compatibility

with the environment. For example, soil covers made from polymer carbohydrates and

o
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vegetable fillers are known to be biodegradable {see for example U.S. Pat. No. 5,879,695). In
another example, a soi cover wade of polyethylene polyrner fibers are durable yet
photodegradable and slowly degrades when used outdoors (U.S. Pat. No. 5,532,258}, In some
embodiments, the APMs can be formed into usefal materials such as fibers and filros based

on the properties of the polymer matrix used.

[108] In other embodiments, the polymers of the present nvention are selected based on
their ability to intersct with light radiation by absorbing, reflecting, refracting, and/or
changing the wavelength. In some embodiments, PET polymers are effective in polarizing

solar radiation

(1091 In some embodiments, the polymer matrix of the present invention may be sclected
from a group consisting of rayon, acrylonitrile butadiene styrene, acrylic, celluloid, cellnlose
acetate, cycloolefin copolymer, cthylene-vinyl acetate, cthylenc vinyl alcohel, fiuoroplastics,
wonomers, KYDEX®, liqud crystal polymer, polyacetal, polyacrylates, polyacrylonitrile,
polvamide,  polyamide-imide,  polyaryletherketone,  polybutadicne,  polybutylene,
polybutylene terephthalate, polycaprolactone, polychlorotrifluorocthylene, polyethylene
terephthalate, polveyelohexylene dimethylene terephthalate, polycarbonate,
polyhiydroxyalkancates, polyketone, polyester, polyethylene,  polyctheretherketone,
polyetherketoneketone,  polvethenmide,  polyethersulfone,  polyethylenechlorinates,
polyimide, polylactic acid, polvmethylpentene, polyphenylene oxide, polyphenylene sulfide,
polvphthalamide, polystyrene, pelysulfone, polytrimethylene terephthalate, polvurethane,

polyvinyl acetate, polyvinyl chloride, polyvinylidene chioride, and styrene-acrylonitrile.

(1101 In some cmbodiments, the polymer matrix comprises one type of a pelymer. In other

embodinents, the polymer matrix comprises one or more types of polymers.

[111] Io sowe cwbodiments, the APM cowprises oue or woore polymers that have a
polarizing filter. In some embodiments, the APM comprises one or more polymer types
selected from the group consisting of polyethylene terephthalate (PET), polyester, nylon,

rayon, and spandex. In some embodiments, the polymer matrix 1s PET.

(13121 In some embodiments, the polymer matrix may contain additives such as coloring
agent, surface stabilizer, surfactants, UV stabilizers, plasticizers, slip agents, nuneral fillers,
bonding agents, antistatic ageunts, oils, antioxidants, adhesives, and the like. In some

embodiments the coloring agent affects the optical properties of said polymer.
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Properties of Active Polymer Material

(113} In some embodiments, the APM may absorb a light wave and emit a different wave.
Thus in soroe embodiments, the APM may shotten the wavelength of the absorbed light. In
other embediments, the APM may lengthen the wavelength of the absorbed light, depending
on the desired effect. In yet other embodimnents the APM of the present invention may be
designed to absorb a portion of the light spectrum and convert it to heat or other type of
cnergy. In some embodiments the APM of the present invention msay allow for the
transmission of portions of the spectrum such that selected wavelengths are allowed to pass
through the APM. In other embodiments the APM of the present invention may reflect
selected portions of the light spectrum. In yeot other embodiments, the APM may be designed
to sclectively polarize certain portions of the spectrum, cither during fransmission, or

reflection of said waves.

(114} Io some embodiments, a combination of the wineral and the polymer matrix may
result in the APM that cmits light at a specific range. For example, in some embodiments,
aluminura oxide promotes IR light lengthening. When said APM comprising alurmninum oxide
interacts with IR light, in some embodiments, the material releases light in a longer IR range

than the range it absorbed.

[1157 Similarly, silicon dioxide has a unigue property of interacting with UV light when
combined with certain polymer matrices. In some embodiments, an APM comprising silicon

dioxide may absorb one range of UV light but emit a UV light in shorter wavelengths.

[116] In some embodiments, when more than one type of mineral is used to construct the

APM, the material may exhibit synergistic ontical properties of those different minerals.
> I~ R~ fand

(1171 In some ewbodiments, the muneral particles and the polymer matrix, independently,
may have a light transmission in the range of about 200 nm to about 1100 nm. That is, the
mineral particles and the polymer matrix, independently, may have a light transmission of
about 200 nm, 225 nm, 250 nm, 273 nm, 300 nm, 325 nm, 350 nm, 375 nm, 400 nm, 425 nm,
450 nm, 475 nm, 500 nm, 525 nm, 550 nm, 575 nm, 600 nm, 625 nm, 650 nm, 675 nm, 700
i, 728 nm, 730 am, 775 nm, 800 nm, 825 nm, 8380 nm, 875 nm, 300 nm, 925 nm, 950 nm,

975 nm, 1000 nm, 1025 nm, 1050 nm, 1075 am, and/or 1100 nm.

o,
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[118] In some cmbodiments the mineral particles and the polymer matrix, independently,
roay have a light transmission iv the range of about 200 nm to about 1100 nm. That is, the
mineral particles and the pelymer matrix, independently, may have a light transmission of in
the range of about 200-250 nm, 250-300 vro, 300-350 nm, 350-400 nm, 400-450 nm, 450-
500 nm, 330-550 nm, 550-600 nm, 600-650 nm, 650-700 nm, 700-730 nm, 750-800 nm, 880-
50 mn, 850-0800 nm, 900-950 nrn, 950-1000 nm, 1000-1050 nm, and/or 1050-1100 nm.

[119] In some embodiments, the mineral particles and the polymer matrix, independently,

may absorb light in the range of about 10 nm to about 15000 nm.

[12¢] In some embediments, the mineral particles and the polymer mairix, independently,
may absorb light 1n the range of about 10 nm to about 200 nm. That is, the mincral particles
and the polymer matrix, independently, may absorb hight at about 10 ny, 20 v, 30 o, 40
nm, 58 nm, 60 nm, 70 nm, 80 nm, 20 nm, 100 nm, 110 nm, 120 nm, 130 nm, 140 nm, 150

nm, 160 nm, 170 nm, 180 v, and/or 200 nm.

(1211 Io some embodiments, the wneral particles and the polywer matrix, jndependently,
may absorb light in the range of about 10 nm to about 200 nm. That is, the mineral particles
and the polymer matrix, independently, may absorb light in the range of about 14-20 nm, 20-
40 nm, 40-60 nm, 60-80 nm, 80-100 nm, 100-120 mm, 120-140 om, 140-160 om, 160-180

i, and/or 180-200 mm.

(1221 In some embodiments, the mineral particles and the polymer matrix, independently,
may absorb light in the range of about 200 nm to about 500 num. That is, the mineral particles
and the polymer matrix, independently, may absorb light at about 200 nm, 225 nm, 250 nm,
275 vy, 300 o, 325 v, 350 nm, 375 nm, 400 nim, 425 nm, 450 nm, 475 nm, and/or 560

J3T N

[1231 In some embodiments, the mineral particles and the polymer matrix, independently,
may absorb light 1n the range of about 200 wm to about 500 nro. That is, the roincral particies
and the polymer matrix, independently, may absorb light in the range of about 200-250 nm,

253-300 nm, 300-330 nm, 350-400 nm, 400-450 nm, and/or 450-500 nm.

[124] In some embodiments, the mineral particles and the polymer matrix, independently,
may absorb light in the range of about 500 s to about 1100 nm. That is, the mineral

particles and the polymer matrix, independently, ray absorb light at about 500 nm, 525 nm,
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350 mm, 575 nm, 500 nm, 625 nm, 650 nm, 675 mm, 700 nm, 725 nm, 750 nm, 775 nm, 800
i, 825 v, 830 nm, 875 wm, 900 wn, 9235 o, 950 nm, 975 nm, 1000 run, 1028 am, 1050

nm, 1075 nm, and/or 1100 nm.

[1251 In some embediments, the mineral particles and the polymer matrix, independently,
may absorb light in the range of about 500 wm to gbout 1100 nm. That is, the mineral
particles and the polymer matrix, independently, may absorb light in the range of about 580-
550 nm, S50-600 nm, 600-650 nm, 630-700 nm, 700-750 nm, 730-800 nm, 800-850 nm, §50-
800 nra, 900-950 nm, 950-1600 nm, 1000-1050 nm, and/or 1050-1100 nm.

[126] In some embediments, the mineral particles and the polymer mairix, independently,
may absorb light in the range of sbout 1100 um to about 15000 . That is, the mincral
particles and the polymer matnir, independently, may absorb light at about 1100 nm, 1200
nm, 1300 nm, 1400 nm, 1500 nm, 1600 nm, 1700 nm, 1800 nm, 1900 nm, 2000 nm, 2160
ey, 2200 nm, 2300 nm, 2400 nw, 2500 nm, 2600 om, 2700 nr, 28040 nm, 2900 nm, 3000
nm, 3100 nm, 3200 nm, 3300 nm., 3400 nm, 3500 nm, 3600 nm. 3700 nm, 3800 nm, 39060
nm, 44000 nm, 4100 am, 4200 nm, 4300 nm, 4400 nm, 4500 nm, 4600 nm, 4700 nm, 4800
am, 4900 nm, 3000 am, 5100 nm, 5200 am, 3300 nm, 5400 nm, 5500 am, 5600 nm, 5700
mn, 3800 nm, 5900 nm, 6000 nm, 6100 nm, 6200 nm, 6300 nm, 6400 am, 6500 nm, 6600
nm, 6700 nm, 6800 nm, 6900 nm, 7000 nm, 7100 nm, 7200 am, 7300 nm, 7400 nm, 7500
nm, 7600 nm, 7700 nm, 7800 nm, 7900 nm, 8000 nm, 8100 nm, 8200 nm, 8300 nm, 8400
nm, 8500 nm, 8600 am, 8700 nm, RROG nm, 900 nm, 9000 nm, 9100 nm, 9200 nm, 9300
nm, 9400 nm, 9500 nm, 9600 nm, 2700 nm, 9800 nm, 9900 nm, 10000 nm, 10100 om, 10200
nm, 10380 nm, 10400 nm, 10500 nm, 10680 nm, 10700 nm, 10800 g, 10900 nm, 11600
nm, 11160 nm, 11200 nm, 11300 nm. 11400 nm, 11500 nm, 11600 nm, 11700 nm, 11800
nm, 11960 am, 12000 o, 12100 nm, 12200 nm, 12300 om, 12400 mm, 12500 wm, 12600
mm, 12700 nm, 12806 nm, 12900 nm, 13000 nm, 13100 om, 13200 nm, 13300 nm, 13480
nrm, 13500 nm, 13600 nm, 13700 nm, 13800 am, 13900 nm, 14000 nm, 14100 nm, 14200
nm, 14300 nm, 14400 nm, 14500 am, 14600 nm, 14700 nm, 14800 nm, 14900 nm, and/or
15000 nm.

[127] In somc cmbodiments, the minecral particles and the polymer matnix, independently,
may absorb light in the range of about 1100 nm to about 15000 nm. That is, the mineral
particles in the mineral powder may absorb light in the range of about 1100-1200 nm, 1200-

1400 wm, 1400-1600 am, 1600-1R00 am, 1800-2000 nm, 2000-2200 am, 2200-2400 nm,
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2400-2600 nm, 2600-2800 nm, 2800-3000 nm, 30600-3200 nm, 3200-3400 nm, 3400-3600
rm, 3600-3800 nm, 3800-4000 nm, 4000-4200 nm, 4200-4400 nm, 4400-4600 nm, 4600-
48300 nm, 4800-5000 nm, 5000-5200 nm, 5200-5400 nm, 5400-56060 nm, 5600-5800 nm,
38G0-6000 nm, 6000-6200 nm, 6200-6400 nm, 6403-6600 nm, 6600-0800 nm, 6800-7000
nm, 7000-7200 nm, 7200-7400 nm, 7400-7600 nm, 7600-7R00 nm, 7R0G-8008 nm, 8000-
K200 nm, R200-8400 nm, 8400-B600 nm, 8600-8800 nm, 8800-90060 nm, 90006-9200 nm,
8200-9400 nm, 9400-9600 nm, 9600-9800 nmy., 9808-10000 nm, 10000-10200 nm, 10200-
10400 nm, 16400-10600 nm, 10600-10800 nm, 10800-11000 num, 11000-11200 nm, 11200~
11400 nm, 11400-11600 nm, 11600-11800 nm, 11800-12000 nm, 12000-12200 nm, 12200-
12400 nm, 12400-12600 nm, 12600-12800 nm, 12800-13000 nm, 13000-13200 nm, 13200-
13400 om, 13400-13600 nm, 13600-13800 nm, 13800-14000 om, 14000-14200 nm, 14200-
14400 nm, 14400-14600 nm, 14600-14800 nm, and/or 14800-15000 nm.

[128] In some embodiments, the mineral particles and the polymer matrix, independently,

may polarize Hght in the range of about 200 nm to about 15000 nm.

[129] In some embodiments, the mineral particles and the polymer matrix, independently,
may polarize light in the range of about 200 nm to about 500 nm. That is, the mineral
particles and the polymer matrix, independently, may polarize light at about 200 nm, 225 nm,
250 am, 275 nm, 300 nm, 325 nm, 350 am, 375 nm, 400 nm, 425 nm, 450 am, 475 nm,

and/or 500 nm.

[130] In some embodiments, the mineral particles and the polymer matrix, independently,
may polarize light in the range of about 200 nm to about 500 nm. That is, the mineral
particles and the polymer matrix, independently, may polarize light in the range of about 200-

250 wm, 250-300 nm, 300-350 nm, 350-400 nm, 400-450 um, and/or 450-300 nm.

(1311 Io some embodiments, the wineral particles and the polywer matrix, independently,
may polarize light in the range of about 500 nm to about 1100 nm. That is, the mineral
particles and the pelymer matrix, independently, may polarize Hght at about 500 nro, 525 o,
353¢ nmy, 575 nm, 600 nm, 625 nm, 650 nm, 675 nm, 700 nm, 725 nm, 750 nm, 775 nm, 800
nm, 825 nm, 830 nam, 875 nm, 200 nm, 925 nm, 950 nm, 975 nm, 10680 nm, 1025 nm, 1050

nm, 1375 nm, and/or 1100 am.
{1321 In some embediments, the mineral particies and the polymer matrix, independently,
may polarize light in the range of about 300 nm to about 1100 nm. That s, the mineral
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particles and the polymer matrix, independently, may polarize light in the range of about 500
o, 325 nm, 550 nmy, 5735 nm, 600 nmy, 625 v, 650 nm, 675 v, 700 nm, 725 wrn, 750 nm,
775 nm, 800 nm, 825 nm, §30 om, 875 nm, 900 nm, 925 nm, 950 mm, 9735 am, 1000 nm,

1025 nm, 1050 o1, 1075 nro, and/or 1100 nm.

(1331 In some cmbodiments, the muncral particies and the polymer matrix, independently,
may polarize light in the range of about 1100 nm to about 15000 nm. That is, the mineral
particles and the polymer matrix, independently, may polarize light at gbout 1100 v, 1200
nm, 1300 nm, 1400 nm, 1500 om, 1600 nm, 1700 om, 1800 am, 1900 nm, 2000 nm, 2160
nm, 2200 nm, 23080 nm, 2400 nm, 2500 nm, 2600 nm, 2700 nm, 2800 nm, 2900 nm, 3000
nm, 3100 nm, 3200 nm, 3300 nm, 3400 nm, 3500 nm, 3600 nm, 3700 om, 3800 nm, 3900
nm, 4000 nm, 4100 nm, 4200 nm, 4300 nm, 4400 nm, 4500 nm, 4600 nm, 4700 nm, 4800
ey, 4908 nm, S000 nm, 5100 nwm, 5200 nm, 5300 om, 5400 nr, 3500 nm, 5600 nm, 5700
nm, 5800 nm, 5900 nm, 6000 nm. 6100 nm, 6200 nm, 6300 nm. 5400 nm, 6500 nm, 6660
nm, 6700 nm, 6800 nm, 6900 nm, 7000 nm, 7180 nm, 7200 nm, 7300 am, 7400 nm, 7500
nm, 7600 am, 7700 am, 7800 nm, 7900 nm, 8030 nm, 8100 nm, 8200 nm, 300 nm, 8400
mm, 85300 nm, 8600 nm, 8700 nin, 8800 nm, 8930 nm, 9000 nin, 9108 nm, 9200 nm, 9300
nm, 9400 nm, 9500 nm, 9600 nm, 97060 nm, 9800 nm, 9900 nm, 10000 nm, 10160 nm, 10200
nm, 10360 nm, 10400 nm, 10560 nm, 10600 nm, 10700 nm, 10800 nm, 10900 mm, 11000
o, 113100 nm, 11200 um, 11300 nm, 11400 nm, 11500 am, 11600 mwm, 11700 nm, 11800
mm, 11900 nm, 12000 nm, 12100 nm, 12200 nm, 12300 nm, 12400 nm, 12500 nm, 12600
nm, 12780 nm, 12800 nm, 12900 nm, 13000 nm, 13100 nm, 13200 g, 13300 nm, 13400
nm, 135060 nm, 13600 nm, 13700 nm. 13800 nm, 13900 nm, 14000 nm, 14100 nm, 14200
nm, 14300 nm, 14400 nm, 14300 am, 14600 nm, 14700 nm, 14800 om, 14900 nm, and or
15000 nm.

[134] In some embodiments, the mineral particies and the polymer matrix, independently,
may polarize light in the range of about 1100 nro to about 15000 nm. That 1s, the mineral
particles and the polymer matrix, independently, may polarize light in the range of about
HHO0-1200 nm, 1200-1400 om, 1400-1600 nm, 1600-1800 nm, 1800-2000 nm, 2000-2200
nm, 2200-2400 nm, 2400-2600 nm, 2600-2800 nm, 2800-3000 nm, 30060-3200 nm, 3200-
3430 wm, 3400-3600 nm, 3600-3R0G0 nm, 3500-4060 nm, 4000-42060 nm, 4200-4400 nm,
4400-4600 nm, 4600-4800 nm, 4R060-3000 nm, 5000-5200 nm, 5200-3400 wm, 5400-5600
am, 5600-5800 nm, 5800-6000 nm, 60600-0200 nm, 6200-6400 nm, 6400-6600 nm, 6600-
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6800 nm, 6800-7000 nm, 7000-7200 nm, 7200-7400 nm, 7400-7600 nm, 7600-7800 nm,
TROC-8000 nm, 8000-8200 nm, 3200-8400 um, 8400-R600 nm, RE0G0-8RAG wm, 8300-9040
nm, 9000-9200 nm, 9200-9400 nm, 9400-9600 nm, 9600-9800 nm, 9800-10000 nm, 100600~
10200 nmy, 10200-10400 nm, 10400-10600 nm, 10600-10800 nmy, 108080-11080 nm, 11000
11200 nm, 11200-11400 nm, 11400-11600 nm, 11660-11800 nm, 11800-12000 nm, 12000~
12200 om, 12200-12400 nm, 12400-12600 nm, 12600-12800 nm, 12800-13000 nm, 130600-
13200 nm, 13200-13400 nm, 13400-13600 nm, 13600-13800 nm, 13800-14000 nm, 14000-
14200 nm, 14200-14400 nm, 14400-14600 nm, 14600-14800 nm, and/or 14800-15000 nm.

(1351 In some cmbodiments, the nmuneral particles and the polymer matrx, independently,
may polarize light completely. In other embodiments, the mineral particies and the polymer

matrix, independently, may polarize hight partially.

[136] In some cmbodiments, the mineral particies and the polymer matrix, independently,
roay emit light in the range ot about 200 nm to about 1100 . That s, the mineral particles
in the mineral powder may emit Hight at about 200 nm, 225 nm, 250 nm, 275 nm, 300 nm,
325 nm, 356 nm, 375 nm, 400 nm, 425 nm, 450 nm, 475 nro, 500 nm, 525 nm, 550 nm, 575
nm, 600 am, 625 nm, 650 nm, 675 nm, 700 nm, 725 am, 750 nm, 775 am, 800 nam, 825 nm,
50 nm, 875 nm, 2900 wum, 925 am, 950 nm, 975 nm, 1000 nm, 1025 nm, 1050 mm, 1075 nm,

and/or 1100 nm.

(1371 In some embodiments, the mineral particles and the polymer matrix, independently,
may emit light in the range of about 200 nm to about 1100 nm. That is, the mincral particles
and the polymer matrix, independently, may emit light in the range of about 200-250 vyu,
250-300 nm, 300-350 nm, 350-400 nm, 400-450 nm, 450-500 nm, 300-550 nm, 350-600 nm,
600-650 nm, 654-700 nm, 700-750 nm, 750-809 nm, KO0-850 nrn, 850-800 nm, 900-930 nm,
950-1000 nm, 1000-1050 nm, and/or 1050-1100 nm.

Active Polymer Material Manufaciuring

[138] Once the polymer matrix is chosen and the mineral is selected and ground inio a
powder of desired size and shape, the active pelymer material is constructed. In some
embodiments, the mineral powder may be dispersed, suspended, embedded, or otherwise
incorporated tnto the polyrmer matrix by methods known in the art, such as in a rotating drurn
with paddie-type mixers. In other embodiments, the mineral powder may be miroduced to the
polymer matrix by other processes known in the art such as compounding. The examples of

-~
)
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the process of grinding and combining can be found in U.S. Pat. Nos. 6,204,317, 6,214,264,
and 6,218,007.

(1391 o some embodiments, the polymwer matrix may inmiially be in pellet form and dred to
remove moeisture by using, for example, a desiceant drver. In some embodiments, heating or
cooling may be necessary prior and/or during the steps of dispersing, suspending, erobedding,

or incorporating the mineral to obtain an even dispersion.

(1401 In some embodiments, once the mineral is dispersed in the polymer watrix, the

resulting active polymer material may be cured or hardened

[141] In some cmbodiments, the mineral comprise about 8.5% to about 20% of the active
polymer material. That is, the mineral may comprise about 0.5%, 1.0%, 1.5%, 2.0%, 2.5%,
3.0%, 3.5%, 4.0%, 4.5%, 5.0%, 5.5%, 6.0%, 6.5%, 70%, 7.5%, 8.0%, 8.5%, 9.0%, 9.5%,
10.0%, 10.5%, T1.0%, 11.59%, 12.0%, 12.5%, 13.0%, 13.5%, 14.0%, 14.5%, 15.0%, 15.5%,
16.0%, 16.5%, 17.0%, 17.5%, 18.0%, 18.5%, 19.0%, 19.5% or 20% of the active pelymer

roaterial.

(1421 In some embodiments, the mineral comprise from about 0.5% to about 20% of the
active polymer material. That is, the mineral may comprise in the range of about 0.5-1.0%,
1.0-1.5%, 1.5-2.0%, 2.0-2.5%, 2.5-3.0%, 3.0-4.0%, 4.0-5.0%, 5.0-6.0%, 6.0-7.0%, 7.0-8.0%,
8.0-9.0%, 9.0-10.0%, 10.0-11.0%, 11.0-12.0%, 12.0-13.0%, 13.0-14.0%, 14.0-15.0%, 15.0-
16.0%, 16.0-17.0%, 17.0-18.0%, 18.0-19.0%, or 19.0-20% of the active polymer material.

(1431 In somec cmbodiments, the active polymer material s Celliant® (US. Pat. No.

7,074,499).
Manipulation of Active Polymer Material

{1441 The APM described herein can be manipulated into different forms depending on the
application requirements. In some embodiments, the APM can be formed into useful building
blocks such as fibers or films, In other embodiments, the APM 13 formed into small beads or

particles having an average size of less than about 5 cm, less than about 1 cm, or less than

bl

about 0.5 cm.

(1451 Onee the mineral powder and the polyvmer roatrix are cornbined, the resulting Hguid,

viscous oil, or semi-solid may be extruded into various shapes and forms. In some
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embodiments, the APM is extruded into a fiber. In other embodiments, the APM is extruded
nto staple fibers of vartous lengths. The exarples of this process of extrusion, known in the

art, can be found in previously disclosed references and in U.S. Pat. No. 6,067,785,

[1461 In some embodiments, once the active polymer material is extruded into various

forms, it may need to be dried, cured, and/or hardened.

(1471 Ouce the polymer matenial systern 18 extruded into a fiber form, tn some
embodiments, the fibers may be combined together by a spinning process, for example using
a rotary spinning machine, to yield a vam. The range of the size of the apertures in the rotary

spinning machine may be from about 6 microns to about 30 microns.

[14¥] In some embodiments, the step of spinning the fibers into a yarn cormprises spinning
staple fiber having a denier per fiber of between about | and about 3; accordingly, the prior
step of spinning the meited polyester into fiber likewise comprises formuing a fiber of those
dimensions. The fiber s typically heat sct before being cut into stapic fibers with
conventional techniques. While the extruded fibers are sohdifying, they may be drawn by

methods known in the art to impart strength.

[149] In some cmbodiments, yarn made of the APM is further formed into fabrics or
textiles, typically woven or knitted fabrics by cormbination with both natural and synthetic
fibers. Noun-limiting examples of natural fibers may include cotton, wool, hemp, sitk, ramie,
and jute. Non-limiting examples of synthetic fibers may include acrylic, acetate, Lycra®,

spandex, polvester, nylon, and rayon.

(1507 Iv sovoe cmboditaents, yaro made of the APM is dyed. In other embodiments, the
fubric or textile made of the APM comprising yarn may be dyed. Dyes can be synthetic or
natural, Non-lirotting examples of the types of dyes include direct, acid, disperse, reactive,

basic, mordant, sulfur and vat dyes.

[151] In some embodiments, varn made of the APM is incorporated into blends with cotton
and polyester in any proportion. In some embodiments, the blend includes between about
35% and about 63% by weight of cotton with the remainder being polyester. That is, said
blend rmay be about 35/65 (35% by weight of cotton and 65% by weight of polyester}, 36/64,

37/63, 38/62, 39/61, 40/60, 41/59, 42/58, 43/57, 44/56, 45/55, 46/54, 47/53, 48/52, 49/51,
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30/50, 51749, 52/48, 53/47, 54/46, 55/45, 36/44, 57/43, 58/42, 50/41, 60/40, 61/39, 62/38,
63/37, 64/36, or 65/35,

(1527 luv some embodiments, yarn made of the APM is incorporated into blends with cotton

and polvester of 30% cotton and 50% polvester (50/50).

[153] In some embediments, the APM can be produced into different fibers. Other methods
of production of fibers are equally suutable such as those described in U.S. Pat. Nos.
3,341,512, 3,377,129, 4,666,454; 4975233, 5,008,230, 5.091,504; 5,135,697, 5,272,24¢6;
4,270,913, 4,384,450; 4,466,237, 4,113,794; and 5,694,754

(1541 In some embodiments, the APM is extruded into a staple fiber with a length in the
range of about 0.1 cm to 15 em. That is, the staple fiber may be about 0.1 cm, 0.2 cm, 0.3 om,
04 cem, 05cem, 06em, 0.7 cm, 88em, 8.9 cm, 1.0Ocm, Llom, §2 om, 1L.3cm, Ldom, 1.5
cm, 1.6cm, 1. 7cm, 185 cem, 1.%cm, 20cm, 2. em, 22 cm, 23 cm, 2.4 cm., 2.5 ¢m, 2.6 cm,
270om, 28 em, 29 em, 3.0 om, 3t em, 32 em, 33 om, 34 om, 35 ocm, 3.6 om, 3.7 cm, 3.8
cm, 39 em, 40cm, 4iom 42om, 43 em, 44 com, 45em, 46 ¢cm, 4.7 cm, 48 com, 49 cm,
S50cm, S1om, 52¢em, 33 cm, S4dem,55em, 56¢m,57oem, S8 cm, 59 ¢em, 6.0 cm, 6.1
em, 0.2 cm, 63 om, 64 em, 650m, 0.6 cem, 6.7 em, 6. 8cm, 69 cm, 7.0 cm, 7.1 em, 7.2 om,
T73cm, Tdom, 75 ¢em, 76 om, 7.7cm, 78 em, 79 om, 88 cm, B.1 em, 82 cm, 8.3 cm, 8.4
cm, 853 em, 86 cm, 87 cm, 88cm, 89 ¢em, 90 com, 81l em, 92 cm, 83 cm, 94 om, 9.5 cm,
S6cm, 2.7 cm, S8 cm, 9.9 ¢m, 10.0 am, 101 cm, 18.2 ¢m, 18.3 ¢m, 10.4 cm, 10.5 cm, 10.6
em, 187 cm, 108 em, 109 om, 110 om, Fi e, 102 0m, 113 ¢, 114 om, 115 om, 116
cm, 11.7cm, Fi8cm, 119 cm, 120 cm, 2.1 cm, 122 cm, 123 cm, 124 cm, 12.5 cm, 12.6
em, 127 em, 128 ¢y, 129 cmy, 13.0 om, 131 om, 13.2 ¢, 133 om, 13.4 ¢m, 13.5 ¢y, 13.6
cm, 13.7em, 13.8¢em, 139%cm, 140 cm, 141 cm, 142 cm, 143 cm, 144 cm, 145 cm, 14.6

cm, 147 cm, 14.8 cm, 14.9 ¢m, or 15.8 cm.

[155] In some embodiments, the polyester mixture may be used to create a staple fiber. The
staple fiber may then be used fo creaie a non-woven membrane. This membrane may be
bonded to another fabric, membrane, or material, In some embodiments, staple fibers made

from APM can be non-woven into a batting material (Figure §).

[156] In some cmbodiments, the APM is extruded into a film with a thickness in the range

of about 0.05 mm to 1.00 mm. That s, the film extruded from the APM may have a thickness
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of about .05 mm, $.06 mm, $.07 mun, .08 mm, 0.09 mm, ¢.10 mm, 0.11 mm, 0.12 mm,
8.13 mn, 0.14 mum, 013 mm, 8.16 vorg, 617 mun, 618 mum, 019 vorn, 0.20 mum, 6.21 mm,
0.22 mim, 0.23 mm, 0.24 mum, .25 mm, 0.26 mm, 0.27 mm, 0.28 mm, 0.29 mm, 0.30 mm,
8.31 mm, 0.32 ram, 0.33 mrn, 8.34 mm, 0.335 rom, 4.36 mm, .37 mm, 0.38 mm, $.39 mrg,
.40 mm, 0.41 mm, 042 mm, $.43 mm, §.44 o, $.45 mm, ¢.46 mm, $.47 mm, .48 mm,
0.49 mm, 0.50 num, .51 mm, 8.52 mm, 0.53 mun, §.54 mm, 0.55 mm, .56 mum, 8.57 mm,
§.58 mm, 0.59 mm, 0.60 mm, 8.61 mm, ¢.62 mm, (.63 mm, 8.64 mm, §.65 mm, ¢.66 mm,
0.67 mm, 0.68 mm, $.69 mm, 8.70 mm, 0.71 mm, 0.72 mro, 0.73 mm, $.74 mm, .75 mm,
4,76 mm, 0.77 mm, 0.78 mm, $.79 mm, 8.80 o, 0.81 mm, $.X2 mm, .83 mm, $.84 mm,
$.85 mm, 0.86 num, §.87 mm, 0.88 mm, 0.89 mum, §.90 mm, 0.91 mm, 0.92 mum, 8.93 mm,

.94 mm, .95 vam, 8.96 m, 8.97 mum, 0.98 ram, (.99 mrg, or 1.00 mum.

L1571 In some cobodiments, the APM is extruded into 2 film with a thickness in the range
of about 0.05 mm to 6.5 mm. That is, the film extruded from the active polymer material may
have a thickness in the range of about 8.05-0.06 mm, 0.06-0.08 mm, 8.09-0.10 mm, 0.10-0.12
mm, 0.12-0.14 mm, 0.14-0.16 mum, §.16-0.18 rmam, 0.18-0.20 mm, 0.20-0.22 mm, ¢.22-0.24
ram, 0.24-0.26 nw, §.26-0.28 mm, 0.28-0.30 mm, 8.30-0.32 mm, 0.32-0.34 mm, §.34-0.36
mm, 0.36-0.38 mm, §.38-0.40 mam, 0.40-0.42 mm, 0.42-0.44 mum, (.44-0.46 mm, §.46-0.48

mm, or 0.48-0.50 mm.

[158] In some cmbodiments, the APM is extruded, woven, or non-woven into a sheet with a
thickness i the range of about 1 mum to 100 mm. That is, the film extruded from the APM
may have a thickness of about 1 mum, 2 mm, 3 mm, 4 mm, 5 mm, 6 mm, 7 min, 8 mm, ¥ mm,
10 wom, 11 mm, 12 mom, 13 mm, 14 o, 15 mom, 16 mm, 17 mmy, 18 mm, 19w, 20 mm, 21
mm, 22 mm, 23 mm, 24 mm, 25 mm, 26 mm, 27 mm, 28 mm, 29 mm, 30 mm, 31 mm, 32
mum, 33 rmm, 34 mum, 35 mrg, 36 mim, 37 mm, 38 mam, 39 mm, 40 wom, 41 mm, 42 o, 43
mm, 44 mm, 45 mm, 46 mm, 47 mm, 48 mm, 49 mm, 56 mm, 51 mm, 52 mm, 53 mm, 54
mm, 55 mm, 56 mm, 57 mm, 58 mm, 59 mm, 60 mm, 61 mm, 62 mm, 63 mm, 64 mm, 65
ram, 66 mm, 67 mm, 68 mm, 69 mm, 70 mum, 71 mm, 72 oom, 73 mm, 74 mm, 75 mm, 76
mm, 77 mm, 78 mm, 79 mim, 80 mm, 81 mm, 82 mm, 83 mm, §4 mm, 85 mm, 86 mm, 87
mm, 88 mm, ¥9 mm, 90 mr, 91 mm, 92 mm, 93 mm, 94 mm, 95 oum, 96 mm, 97 mm, 9¥

mm, 99 mm, or 100 mm.

Products Made from Active Polvmer Material Usefunl in Agriculture
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[1591 As described herein, the APM can be extruded into different types of fibers to form
fabrics or textiles or it can be extruded into a film. These materials can then be transformed
into various products that are useful in agricultural settings. In some embodiments, the APM

is a solid. in another embodiment, the APM is a semi-solid.

[160] In some cmbodiments, a fabric comprising the APM can be formed into a bag used to
hold plants. The bag may, in some embodiments, hold the growth media and the plant. In

some embodiments, the bag is meshed.

[161] Standard plant bags, such as burlap or polypropylene bags, do not have the material
that is capable of storing and emitting photons that may, in some embodiments, assist in plant

growth.

[162] In other embodiments, a fabric, a film, a sheet, a batting material, or a composition of
staple fibers comprising the APM may be used to wrap the roots or roots and growth mcdia
surrounding the roots of a plant. In some cmbodiments, said fabric, film, or shect may be

roeshed.

[163] In some embodiments the APMs of the present invention are used to produce soil
covers {(sce Figures 2, 6, and 9). In some embodiments, a fabric, a film, a sheet, a batting
material, and a composition of staple fibers coraprising the APM may be placed on top of the
soil. In other embodiments, satd fabric, film, sheet, batting material or a compaosition of staple
fibers may be placed on top of the soil and around the stern of the plant In some
embodiments, said {abric, film, or sheet may be meshed. In other embodiments, said fabric,
film, or sheet may be cut to create an opening to accommodate the stem of the plant. In some

embodiments, said fabric, film, or sheet may be meshed.

(1641 In sowe embodiments, the soil covers of the present iuvention warm the soil by
trapping heat and/or transmitting IR radiation, mitigate weed growth by blocking visible
light, and reflect light towards the plants for additional energy and warding off pests. Tn some
embodiments the soil cover of the present Invention is infused with pesticides, or other
chernicals for additional protection of the plants (see for example U.S. Pat. Nos. 3.590.528;

7,247,311; 5,879,695, 5,532,298, and 8,142,804}.

Lo
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[16531 In some cmbodiments, the soil covers of the present invention are colored to further
tailor the light absorption, transmission, and reflection beneficial for plant protection or

growth (sce for example .8, Pat. No. 5,138,792 and 6,601,338},

[166] In some embodiments, a fabric, a film, a sheet, a batting material, and a composition
of staple fibers comprising the APM may be mixed into the growth media of the plant. In
some embodiments, said fabric, film, or sheet may be cut into smaller pieces prior to mixing

with the growth media. In some embodiments, said fabric, film, or sheet may be meshed.

[167] In some embodiments, a fabric, a film, a sheet, a batting roaterial, or a composition of
staple fibers comprising the APM may be mixed with mulch. In some embodiments, said
fabrie, film, or sheet may be cut into smaller picces prior to mixing with maulch. In some

embodiments, said fabrie, film, or sheet may be meshed.

[168] In some embodiments, a fabric, a film, a shect, a batting matenial, or a composition of
staple fibers comprising the APM may be used as mulch {sce Figures 4 and 10). In some
embodiments, said fabric, film, or sheet may be cut mto smaller pileces prior to use for said

mutich. In some embodiments, said fabric, film, or sheet may be meshed.

[169] Mulch act similarly to soil covers by rotaining sotl warmth and blocking sunlight to
pass to the soil. In some embodiments, the APM mulch of the present invention may cxhibit
water and nutrient retaining properties {see for example U.S. Pat. Nos. 5,649,495; 5 868,087;
and 7,459,501). In some cmbodiments, the water-retaining APM muich of the present
invention may be especially useful in dry climates. In some embodiments, the APM mulch of
the present invention is processed into small particles such that it does not affect the soil

compeosition as it swells when water is absorbed,

(1701 In some embodiments, a fabric, a film, or a sheet comprising the APM may be placec
over the plant as g cover. In some embodiments, the cover may enclose the plant completely,
In other embodiments, the cover may only provide partial coverage of the plant. In some
embodiments, the cover may come in contact with the plant. In other embodiments, the cover
may not be in contact with the plant. In some embodiments, said fabric, film, or sheet may be

meshed.

[171] In some embodiments, the APM of the present inveniion may be used to produce

plant protectors. In some embodiments, a fabric, a film, or a sheet comprising the APM may
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be placed around the plant forming a cylindrical shape. In some embodiments, said fabric,
film, or sheet may be placed around the plant forming an arch (i.e. not completely enclosed in
a cylindrical shape). In some cmbodiments, said fabric, film, or sheet may be meshed. In

sorae emnbodivaents, said plant protector may be inflatable.

[172] In some embodiments, a fabric, a batting material, or a composition of staple fibers
comprising the APM may be used as the growth media for the plant {see Figure 3). In other
cmbodiments, said fabric, batting material, or composition of staple fibers may be used as a

component in the growth media mixture.

[173] In some embediments, the APM may be chemically incorporated or embedded into

planting pots and planting containers.
Non-Limiting Uses for Active Polymer Material

[174] The APM that has been formed in various shapes as described previously can, in
sorae crobodiments, be placed 1o close proximity to a plant, a plant part, or a plaut fissue
culture. In some cmbodiments, said APM can be mixed in with the growth media of the plant.

In other embodiments, said APM is the growth media of the plant.

[1751 Io some erobodimoents, at least one part of the said APM is placed within 100 cm of
the plant, plant part, or plant tissue culture. That is, at least one part of the said APM is placed
atabout Tem,Z2om, 3om, dom, Som, 6em, 7om, 8em, 2em, 10cm, 11 em, 12 om, 13 cm,
1dom, 15cm, 16em, 17 am, 18 om, 19 cm, 20 cm, 21 cm, 22 cmy, 23 om, 24 om, 25 cm, 26
cm, 27 emy, 28 omy, 29 omy, 30 o, 31 o, 32 om, 33 om, 34 omy, 33 om, 36 om, 37 om, 38 om,
39 cm, 40 cm, 41 cm, 42 o, 43 o, 44 om, 45 om, 46 om, 47 om, 48 om, 49 omy, 530 omy, 31
cmy, 52 cm, 53 cm, 54 cm, 35 cm, 56 cm, 57 om, 58 ¢m, 59 cm, 60 cm, 61 cm, 62 cm, 63 cm,

64 cm, 65 cmy, 66 om, 67 cmy, 68 cm, 69 oy, 7O cm, 71 cmy, T2 ¢y, 73 ¢y, 74 ¢m, 75 ¢, 76
3 ] 5 9 b 9 9

'\i

cm, 77 cm, 78 cm, 79 cmy, 80 cm, 81 cm, 82 cm, 83 cm, 84 cm, 85 cm, 86 cm, 87 cm, & cm,
89 cm, 90 cm, 91 ¢m, 92 ¢m, 93 ¢m, 94 com, 95 ¢m, 96 om, 97 ¢m, 98 ¢m, 99 cm, or 100 om

from a plant, a plant part, or a plant tissue culture.

(1761 In some embodiments, at least one part of the said APM touches the plant, plant part,

or tissue culture.
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(1771 In some embodiments, the APM can be reused. In other embodiments, the APM can

be reased multiple times.

(1787 Once the APM 1s placed 1o close proximity to and/or touching the plant, normal care

should ensure proper growth of the plant.
Active Polymer Material Kits

(1791 In some cmbodiments, the APM described previously can form a kit with another
material that would benefit to be used in combination, Said kit may comprise the APM and a
plant, a plant part, or a plant tissue culture. In some embodiments, said kit is a bagged or a
potted piant. In some cmbodiments, said kit comprises sceds, bulbs, tubers, tuberous roots,

rhizomes, and/or corms which are embedded or enclosed in said active polymer material.

FIRO]  Io some embodiments, a kit may coraprise the APM and a planting pot or a planting
container. In some embodiments, said kit comprises the APM to be placed inside the planting
pot or the planting container. In other ersbodiments, sard kat comprises a planting pot or the

planting container where the wall of said pot or contatner is lined with the APM.

[1811 In some cmbodiments, a kit may comprise the APM and plant growth media. Said kit
may comprise plant growth media that is mixed in with APM. In other embodiments, said kit
comprises the APM iavered on or placed in between the plant growth media. In some
embaodiments, the kit may comprise the APM integrated into plant growth media in which a

plant or a plant part, such as a plant seed, is placed or embedded.
EXAMPLES
[182] Example 1: Formation of Active Polymer Material

(1831 The mineral particles of titanium dioxide, alurnum oxide, and silicon dioxide are

ground to a fine powder in a composition of 10:2:10, respectively. The mineral powder
cotposition (100 pounds) was wixed with PET resin (1000 pounds) in a heated rotating
drum with paddle-type mixers. This produced active polymer material comprising about 1
percent of mineral by weight of the total weight of the active polywmer material,

[184] Exawmple 2: Extruding Active Polymer Material into a Fiber

Lo
[
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[1851 An active polymer matertal which was produced as described in Example 1, which is

a viscous liquid, was passed through a spinneret to form countinuous filaments of serui-solid

material, which is then solidified upon cooling.
[IR6] Exampie 3: Extruding Active Polyvmer Material into a Staple Fiber

[IR7]  An active polymer material fiber which was produced as described in Example 2 was

cut in shotter uniform strands of about 3 cm to obtain staple fibers.
[188] Exampie 4: Formation of Non-woven Batting Material

(1891 A staple fiber roade with an active polymer material, produced as described in

ixample 3, was combined together in a non-woven fashion to form a batting material.
t le 3, bined togeth fashion to § batting material
[190] Exawmpie 5: Formation of Non-woven Batting Material in Spherical Shapes

(1911 A staple fiber voade with an active polymer waterial, produced as described in
Example 3, was combined together in a non-woven fashion and rolled to a spherical shape

having a diameter of about 2 cro.
[192] Example 6: Extruding Active Pelymer Maierial info a Film

[193]  An active polyroer material which was produced as described in Example 1, which s
a viscous lquid, was passed through a plastic extruder to form a uniform and continuous thin

film having thickness of about 0.5 mm.
[194] Exampie 7: Comparison Study of Active Polymer Material

[E951 An active pelymer material, comprising of Celliant®, was extruded into undyed
polyester fibers (I¥TY 75/36) and knitted to form a fabric {100% APM). A controlled fabric
was prepared by knitting undyed polvester fibers (DTY 75/36) which contained no APM
{Control). The reflectance, transmitiance, and absorptance properties of these fabrics were
studied. The obtained data are shown in Table 1. The measurcments were made in accordance
with ASTM (American Society for Testing and Materials) standard test method E903, Sofar
Absorptance, Reflectance, and Transmittance of Material Using Integrating Spheres. The
uncertainty in the measurement statistic 1s +0.03 of a full-scale value of 1.0. The repeatability
of the measurement statistic is +0.005 of a full-scale value of 1.0. The mstrument used was

LPSR 200 IR (S5/N 108) by AZ Technology, Inc., with sphere geometry of absolute

36
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integrating sphere of 15 “h. The solar spectral frradiance distribution and the weighting
rocthod used for the computation of the solar optical property are 1o comphance with the

standard as called ont in paragraphs of section 8.3 of ASTM E903.

[196] Table 1 illustrates that the fabric made with active polymer material system absorbs

solar radiation in greater amount than the control fabric which contained no mineral

compounds.
Table 1: Optical Properties: Full scale = 1.000
Selar Reflectance Selar Transmitiance Solar Absorptance
Sample
at afr mass § at air mass § at air mass §
160% APM 0.512 0.190 0.298
Control 0.610 0.214 0.176

[197] Example B: Comparison Study of Active Polymer Material

[1981 An active polymer material, comprising of Celliant®, was extruded into fibers, dyed
in black, and knitted to form a fabric (100% APM, F1). The same active polymer material
that was extruded into fibers and dyed in black waa knitted with black polyester fibers in a
121 ratio (50% APM, F2). A controlled fabric was prepared by knitting black polyester fibers
which contained no active polymer material (Control, ¥3}. The reflectance, transmitiance,
and absorptance properties of the three fabrics were studicd using the real solar spectrum,
namely the incidental solar spectruro on the ground considering the atmospheric absorption.
The obtained data are shown in Tables 2-4. The measurcments were obtained using
spectrometers {(Perkin Elmer and Bio-rad) at an arobient temperature. The graphs depicting

the results are presented in Figures 11-16.

[1991 The results in Tables 2-4 demonstrate that the largest optical property differences
between the fabrics are 1o the interaction with the close IR spectrum. In particular, active
polymer material (F1) demonstrates improved absorption of the close IR at 17.74% when

compared to the control material (F3) of 5.79%.

Lo
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Table 2: Reflectance Study Results: % of the source which is reflected on the fabric

Fotal Beflectance Reflectance Reflectance
Tota ; 5 .
Sample (6.3 - 0.4 pm)’ 0.4 -0.78 pml” [0.78-2.2 am]
Reflectance
UV range Visible range Close IR range
180% APM (F1) 20.41 398 5.56 53.08
50% APM (FY) 21.81 392 577 57.08
Control (F3) 22.02 394 580 57.69

1300 nm — 400 nm. 2400 nm — 780 nrn. © 780 am — 2200 nm.

Table 3: Transmittance Study Results: 9% of the source which transmits through the fabric

Fotal Reflectance Reflectance Reflectance
Tota . . .
Sample 1.3 -804 pm| (0.4 - 0.78 pm}” [0.78 — 2.2 pm}”
Reflectance

UVY range Visilile range Close IR range
100% APM (K1} 11.97 332 4.11 29.19
S4% APM (F2} 13.20 3.50 4.36 32.57
Control (F3) 15.53 5.069 5.94 36.52

1300 mm — 400 nm. “400 nm — 780 nm. ~780 nm — 2200 nm.

Table 4: Absorptance Study Results: % of the source which is absorbed by the fabric

Fotal Reflectance Reflectance Reflectance
Tota ! 5 .
Sample (6.3 - 0.4 pm]’ 0.4 -0.78 pml” [0.78-2.2 pm]
Reflectance §
UV range Visible range Close IR range
130% APM (F1) 67.92 92.70 90.34 17.74

38
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38% APM (K1) 64.99 82.58 &2.87 16.36
Control (F33 62.44 80.97 88.23 379

300 nm — 400 nm. “400 nm — 780 nm. ~780 nm — 2200 nm.

[20¢G] These results demonstrate the effect of the active polymer materials of the present
invention in altering specific light absorption, reflection, and transmittance properties. The
Celliant® active mineral composition of 55% SIC, 25% Tilk, 3% Si0,, and 15% AbLOH
increascs the absorption of IR range wavelengths. In some erabodiment, this formulation of
Celliant® demonsirates absorption and excitation of the solar radiation where 65% of the

absorption is of the band 1n the mfrared spectrum.
[201] Exampie 9: Emittance Stady of Active Polymer Material

2021 An active polymer material, comprising of Celliant®, will be cxtruded into undyed
polvester fibers (DTY 75/36) and knitted to form a fabric (100% APM). A controlled fabric
will be prepared by knitting undyed polyester fibers (DTY 75/36) which contained no APM
{Control). The emittance propertics of these fabrics will be studied. The measurements wall
be made in accordance with AZ Technology test methods for near-normal emittance and total
henuspherical emittance at 300 K. Near-normal cmittance measurements are fraceable to
ASTM standard test method E40R through round robin testing with the Gier Dunkel DB-100.
The instrument used will be TESA 2000 by AZ Technology, Inc., with absolute cllipsoidal
cavity of 135 %h. Prior to cach use, the instrument will be calibrated using Hemispheric

Emittance Calibration Puck by AZ Technology, Inc.
[203] Exampie 18: Formation of an EcoBag with a Plant

2041 An active polymer material fiber which was produced as described in Example 2 was
woven futo a potting bag with an opening of about 10 cm diameter and a depth of about 15

cm. The bags of this example can be used as temporary or permanent growth containers.
(2057 Example 11: Formation of a Collar (S0l Cover)

[206] An active polymer batting material which was produced as described in Example 4

was die-cut in a square shape having a dimension of 10 x 10 cro with a circular opening in the
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center of about 2 om diameter (see Figure 2). The die-cut material was then placed sround the

stern of the plant as shown 1o Figuve 6.
[207] Example 12: Formation of a Mulch made with the Active Polymer Maierial

[208] An active polymer matenal staple {iber, having length of about 1 ¢, produced as
described in Example 3 was non-woven into a spherical shape of approximately | cm in
diameter. The resulting non-woven spherical shaped materials were mixed in with the top

layer of the soil surrounding a plant (see Figure 4A).
(2097 Exampie 13: Formation of a Seil Cover

2101 An active polymer material fiilm which was produced as described in Hxample 6 was
placed over a row of growth roedia. The film contained various opening to allow water

perraeation as well as to allow plant to grow,
[211] Example 14: Comparisen Study of Plant Growth of Bean Planis

(2121 Two separate plant coutainers were prepared. The experimsental coutainer was
. . D i . C . . .

covered with 60 g/m” of surface area of APM batting material as a growth media (Figure 3A)
and the control container was covered with the same amount of non-APM batting material
composed of the same polymer material but without the active mineral particles of the present
mvention (Figure 3B). Bean seeds were placed in cach container and were allowed to grow
. . F A g " . gyt £ . 5w, - rey - (52 I -
with regular watering. The temperature of the environment was between about 68 °F and

about 80 °F.

2131 These results demonstrated that APM materials are able to enhance plant growth and
development. The bean plants grown in the APM experimental container were taller, with

greater number of leaves and increased branching (Figure 3).

2147 The growth enhancement of the APMs of the present invention was also observed in a
variety of other plants. Figure 5 demonstrates the difference it the growth of papaya plants
grown with APM mulch (A} compared to papaya plants grown without APM mulch (B).
Plants grown on the APM grew taller, grew wider in the steras, and alse established longer

oot systems.

2151 Example 15: Comparison Study of Plant Growth of Habanero Pepper Plants

o
<>
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[216] Habancro pepper plants will be planted in identical 10-gallon pots with soil The
surface area of the soil in the experimental pot will be covered 1o an even layer of Celliani®
active polymer material, while the control pot will be left uncovered. Both pots will be placed
outside in direct sunlight for a full scason. During this period, the teraperature will likely to
range from about 72 °F o about 88 °F. Both planting pots will be treated equally and will be
given the sarac amount and types of fertilizer and water regiroen throughout the scason. At

the end of the growing season, both plants will be pulled and weighed for biomass.
[217] Exampie 16: Propagation Trials for Fruits and Vegetables

[218] Sweet peppers, tomatoes, and cucumber seeds were planted in the center of identical
rockwool blocks (each 10 x 18 om) and were covered with vermiculite, Forty-cight rockwool
blocks of cach plant specics received an wdividual soll cover wade with the APMs,
specifically Celliant® 400 g/sm material (“Celliant® 400 treatment). Forty-cight rockwool
blocks of each plant species received an individual soil cover made with the APMs differing
int the amount of APMs compared to Celliant® 400 treatment, specifically Cellianmt® 600
g/sm material (“Celliamt® 6007 treatment). Forty-cight rockwool blocks of cach plant species
received an individual soil cover made with polyester, the same polymer material used in
Celliant® 400 and 600 treatments but not containing the mincral compound, 1.¢. not an APM
(“polyester” treatment). Forty-eight rockwool blocks of each plant species received no seil
covers (“no soil cover” treatment). Each soil cover was 10 x 10 cro square with 25 mm hole

in the middle for plant stem to grow.

2191 After wetting, the seeded rockwool blocks prepared for all treatruents were covered
with plastic film for good germination conditions. Before the leaves shaded each other, the
rockwool blocks were transplanted at random on the tables at a lower density. The rockwool
blocks were placed in a climate controlled greenhouse with an cbb and flood system for
irrigation and nutrition applications. All plants received the sarne treatments (water, nutrients,
etc.}). The greenhouse teraperature was set at 25 °C all day or 20 °C during the day and 19 °C

during the might, depending on the plants’ growth needs and growth cycles.

2201 The sweet pepper plants were grown for approximately 6-7 weeks {(from sowing
date). The tomato plants were grown for approximately 4-5 weeks. The cucumber plants were
grown for approximately 2-3 weeks. During the study, the total number of gernunated sceds,

the nomber of leaves, fresh weight of leaves, leaf arvea, stevo length, and fresh weight of the

N
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stem were measured. At the end of the propagation study, dry weight of the leaves and the
sterns were measured. In addition, during the propagation, water content {%WC), electrical
conductivity level (EC) and the temperature (1} were measured in the rockwoo! blocks of the
sweet pepper plants. The reaults of the plant measurements were analyzed with analysis of

variance {(Genstat) and with the Student test for pairwise comparisons of means (p = 8.05).

(2217 Climate of the Propagation Study and Rockwool Block Measurements

{2221 'The average day, night, and 24 hour temperature during the sweet peppers trial were

25.4,22.6, and 24.2 °C, respectively. The average humidity was 55%.

[223] The water content fluctuated in all treatments for sweet peppers, but the average
YoWC was 83.1, 83.1, 82.6, 80.5 % for Celliant® 400, Celliant® 600, polvester, and no soil
cover treatments, respectively. The average EC-levels for the four treatments were 2.2, 2.2,
o T By

2.2, 2.4 ms/om, reapectively, The average temperature in the rockwool blocks for the four

treatments were 26.4, 26.6, 26.6, 26.9 °C, respectively.
[2241 Germination

[2251 The percentages of germinated scods (48 sceds per treatment for cach specics) arc
shown in Table 5. Cucumber germinated at 100% under all treatment conditions. The

differences in germination between four treatments were small.

Table 5: Percentage (%} of Germinated Seeds (48 seeds per treatment, per plant}

Treatments Sweet Pepper Tomato Cucumber
Celliant® 400 94 98 100
Celliant® 600 92 98 160

Polyester 88 96 100
Mo Sotl Cover 24 98 100

[226] Destructive Measurements of Plants

2271 At the end of the propagation study, ten representative plants from cach treatment

. . . <t
were evaluated in a destructive manner. These measurements were obtained on the 457 day,
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31" day, and 17" day since sowing for sweet peppers, tomatoes, and cucumbers, respectively.
The average number of leaves per plant 18 shown in Table 6. For sweet peppers, both

Celliant® 400 and 600 treatments resulted in more Icaves than the two control experiments,

polvester and no sotl cover treatments.

Table 6: Average nummber of leaves per plant during propagation study (10 plants per

treatment, per plant type)!

Treatments Sweet Pepper Tomato Cucumber
Celliant® 400 35.0b 04 a 60a
Celliant® 600 3620 162 a 61la

Polyester 326a 106 a 6.0a
Ne Seotl Cover 284 a 102a 6.0a
Siguificance (p) $5.02 NS NS

"When values in the same column followed by the same letter, treatments do not differ
significantly at p = 0.05. When p = 0.05 or p < (.05, treatments have a significant effect on
that aspect. Treatments with a different letter are significantly different. NS = statistically not
significant.

2281 The weights of fresh plants were aiso measured at the end of the cultivation period
described above. Table 7 shows the average fresh weight. Sweet peppers demonstrated
statistically significant weight increase with the use of Celliant® soil covers (Celliant® 400
and/or 600} when compared to treatment with no soil covers. Tomatoes demonstrated
inecrease in fresh weight with Celliant® 400 and polyester treatments when corapared with no

soil cover treatiment.

Table 7: Average fresh weight (g) per plant during propagation study (10 plants per

treatraent, per plant ‘typ@)l

Treatments Sweet Pepper Tormato Cucumbe
Cellianmt® 400 804 ¢ 773 be 402 a
Celliant® 600 79.6 be (9.6 ab 392a

Polyester 71.1 b 797 ¢ 352a
No Soil Cover 60.2a 61.0a 373a
Significance {p) <(.001 0.001 NS

YWhen values in the same column followed by the same letter, treatments do not differ
significantly at p = 0.05. When p = §.05 or p < 8.05, treatments have a significant effect on
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that aspect. Treatments with a differcnt letier are significantly different. NS = statistically not
signtficant.

[229] The leaf arcas were measured at the end of the cultivation period described above.
Table 8 shows the average leaf arcas. Sweet peppers demonstrated statistically significant
increase in the leaf areas for all soil covers {Celliant® and pelyester) when compared to
treatment with no soil covers. Tomatoes demonstrated increase in leaf arca with the Celliant®

400 and polyester treatments, when compared with no soil cover treatment.

Table 8: Average leaf areas (cm”) per plant during propagation study (10 plants per treatment,

per plant type)!

Treatments Sweet Pepper Tomato Cucumber
Celliant® 400 26250 2287 b 1476 ab
Celliant® 600 2568 b 23183 ab 1417 ab

Polyester 2349 b 2386 b 1342 a
No Soil Cover 1964 a 1948 a 1441 ab
Significance {p) <0601 §.005 NS

'When values in the same column followed by the same letter, treatments do not differ
¥

significantly at p = 0.05. When p = 0.05 or p < 0.05, treatments have a significant effect on
that aspect. Treatments with a different letter are significantly differcnt. NS = statistically not
significant.

2301 The stem lengths were measured at the end of the cultivation period described above.
Table 9 shows the average leaf arcas. Sweet peppers demoustrated statistically significant
increase in stern lengths with use of Celliamt® soil covers (Celliant® 400 and 600) when
corapared o the two controls, polyester and no soil cover treatraents, Tomatoes dernonstrated
increase stem length with Celliant® 600 and polyester treatments, when compared with no

soil cover treatment.

Table 9: Average stemn lengths {cm) per plant during propagation study {10 plants per

trcatment, per plant type)!

Treatments Sweet Pepper Tomato Cucumber
Celliant® 400 31.0b 68.4 ab 351a
Celliani® 600 50.6b 730¢ 328a

Polyester 46.1 a 71.7 be 3208
No Soil Cover 466 a 67.7 a 340a
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Significance (p) (.02 .02 NS

"When values in the same column followed by the same letter, treatments do not differ
significantly at p = 0.05. When p = 0.05 or p < 0.05, treatments have a significant effect on
that aspect. Treatments with a different letter are significantly different. NS = statistically not
significant.

{2311 The fresh weighis of stems were measured at the end of the cultivation period
described above. Table 10 shows the average leaf arcas. Sweet peppers demonstrated
statistically significant increase in fresh stermn weights with use of Celliant® soil covers
(Celliant® 400 and 600) when compared to the two controls, polyester and no seil cover
treatments. Tomatoes dernoustrated increase fresh stem weights with the use of all three soil

covers, when compared with no soil cover treatment.

Table 10: Average fresh stem weights (g} per plant during propagation study (10 plants per

treatment, per plant type)’

Treatments Sweet Pepper Tomato Cucumber
Cellianmt® 400 63.4 be 5540 176b
Celliam® 600 651¢ 5640b 16.6b

Polyester 46.1 a 71.7 be 320a
No Sotl Cover 453 a 48.0 a 15.7 ab
Significance {p) <(.001 0.002 0.02

'"When values in the same column followed by the same letter, treatments do not differ
significantly at p = 0.05. When p = 0.05 or p < .05, treatments have a significant effect on
that aspect. Treatments with a different letter are significantly different. NS = statistically not
significant.

[232] After the frosh weight measurements were recorded, the plant parts were dried for 2
days at 80 °C. After the deying process, the dry weight measurements were recorded. Table
11 shows the average dry weight of leaves. Swecet peppers demonstrated highest dry weight
of leaves with Celliant 600 treatment, which was statistically different from both controls,
polyester and no soil cover treatment. Tomatoes demonstrated increase in dry weight of the
leaves with Celliant 400 and polvester treatments. Cucumbers showed increase in dry weight

of the feaves for both Celliant® 400 and 600 treatments.

Table 11 Average dry weight of leaves (g) per plant during propagation study {10 plants per

treatracnt, per plant *{jy‘;r;c)l
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Treatments Sweet Pepper Tomato Cucuamber
Celliant® 400 855b 8.31b 4.07b
Celliani® 600 10.10¢ 6.18 a 380Db
Polyeste 7.89b 8.00b 31%a
No Sotl Cover 653 a 517 a 322 a
Siguificance {p) <0.001 <(.001 <(1.601

"When values in the same column followed by the same letter, treatments do not differ
significantly at p = 0.05. When p = 0.05 or p < §.05, treatments have a significant effect on
that aspect. Treatments with a different letter are significantly different. NS = statistically not
significant.

[233] Table 12 shows the average dry weight of stems. Sweet peppers derooustrated highest
dry weight of the stems with Celliant 600 {reatment, which was statistically different from
both countrole, polyester and uo soil cover treatments. Tomatoes demonstrated tnerease in dry
weight of the stems with the use of soil covers {Celliant® and polyester) when compared to
treatment with no soil covers. Cucumbers showed increase in dry weight of the stems for both

Celliant soil covers (Celltant® 400 and 600},

Table 12: Average dry weight of sterns {g) per plant during propagation study (10 plants per

treatraent, per plant type)‘

Treatments Sweet Pepper Tomato Cucurnber
Celliani® 400 6.29 be 3.63 be 0.865b
Cellianmt® 600 724 ¢ 3.19% 0.785 b

Polyester 5.36 ab 385 ¢ 0.619a
Neo Soil Cover 4.3%a 253a 0.689 a
Significance {p) <{.001 <(.001 <0.001

"When values in the same column followed by the same letter, treatments do not differ
significantly at p = $.05. When p = .05 or p < (.05, treatments have a sigpificant effect on
that aspect. Treatments with a different letter are significantly different. NS = statistically not
significant.

2341 While not wishing to be bound to any particular thoory, we hypothesize that white
colored plant covers may increase reflection of hight back fo the plant. This cffect may be
maore obvious for plants that grow relatively slowly, such as sweet peppers and tomatocs. The
rapid growth of the cucumbers way cover the surface of the rockwool blocks, which could
have resulted in observation of less effect of the use of soil covers, when compared to sweet

peppers and tomatoes.
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[235] Example 17: Cultivation Trials for Fruits and Vegetable

[236] The remaining plants from the propagation trial as described in Example 16 were
coutinued onto the cultivation trials. The cultivation trial included 10 plants each of tomatoes
and cucumber and 12 plants of sweet peppers grown in greenhouse with the area of 144 m’,
High pressure sodium {HPS) lamps were switched on with a light intensity of 140 pmol/m’/s
on the 32" day from beginning of the cultivation study for sweet peppers and tomatoes and
on 25 day for cucumbers (from the day propagation experiment ended in Example 16). The

maximum number of lighting hours a day was 14 hours.

2371 The sweet pepper plants were grown for approximately 6-7 weeks {from sowing
date). The tomato plants were grown for approximately 4-5 weeks. The cucumber plants were
grown for approxamately 2-3 weeks. During the study, the total number of gernunated seeds,
the number of Icaves, fresh weight of leaves, leaf arce, stem length, and fresh weight of the
stern were mcasured. At the end of the propagation study, dry weight of the leaves and the
stems were measured. In addition, during the propagation, water content (% WC), clectrical
conductivity level {EC} and the temperature (T} wore mceasured 1n the rockwool blocks of the

sweet pepper plants.

2381 The start of the fruit production was observed approximately 8-9 weeks after the
cultivation trial started for swecet peppers (total of ~14-15 weeks from sowing). The start of
the fruit production for tomatoes was approximately 9-10 weeks afier the start of the
cultivation trial {total of ~13-14 wecks from sowing). The start of the fruit production for
cucumber was approximately 3-4 weeks after the start of the cultivation trial (total of ~5-6
weeks from sowing). The final measurements were obtained at around week 14 since the
beginning of the coltivation studies for sweet peppers, at around week 1R for tomatoes, and at
around week 13 for cucumbers. Day of first flowering was monitored as well as muntber of
frutts, total weight of first class fruit and average fruit weight. In addition, measurement of
the soluble solids content {SSC) or “Brix in a sample of sweet pepper fruits and tomatoes

were obtained. No replicates of the treatraents were conducted.
(2391 First Flowering

2401 Table 13 shows average days from the sowing date to which the first flowering was
observed. For sweet peppers and tomatoes, the first flowering occurred about 2-3 days carlier

with the use of soil covers {(Celliant® and polyester). While not wishing to be bound to any
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particular theory, the accelerated flowering of sweet peppers and tomatoes are due to the
higher fresh and dry weight of the plants observed at the end of propagation period (Example

16},

Table 13: Average days to first flowering from sowing date {days)

Treatments Sweet Pepper Tomato Cucumber
Celliant® 400 47.6 385 337
Celliant® 600 47.5 39.9 344

Polyester 46.8 40.0 334
No Soil Cover 492 42.6 339

[241}  Fruit Production
[242] The observation and measurements obtained for sweet peppers are shown in Table 14.

Table 14: Average Fruit Production data for Sweet Peppers

% Fruit
P Number of Weight Mean fruit weight e (O
 reatments fruits (H/m?) (kg/m’) weight (g} relative to S8C (Brix)
no soil cover
Celliant® 400 19.7 3.9 196 99 6.3
Celliant® 600 18.1 4.1 227 163 6.1
Polyester 19.7 39 196 99 6.0
No Soil 1.1 39 216 100 6.2
Cover

[243] The observation and measurements obtained for tomatoces are shown in Table 15, The
use of Celliant® 600 increased the average weight of the fruits by 1 kg/m”, when compared to

the treatment with no sotl covers. This is increase represents a production increase of 11%.

Table 15: Average Fruit Production data for Tomatocs

% Fruit
—— Number of Weight Mean fruit weight g (O
freatments fruits (/") (kg/m") weight (g) relative to SSC ("Brix)
no sotl cover
Celliant® 400 129.5 9.6 74 160 4.3
Celliant® 600 1335 16.7 & 11t 4.3

4%
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Polyester 117.0 16.2 87 166 4.2
Neo Soil . : , .
o =0 108.5 9.6 89 100 42
Cover
[244] TThe observation and measurements obtained for cucumbers are shown in Table 16,

Table 16: Average Fruit Production data for Cucumbers

N e et Moser £t Y Fruit weight
Treatments ?w,i'nb»’eﬁ 05 fruits Weight (kg/m?) MW? n fruit relative to no

(#/m™) = weight (g) o )

soil cover
Celliant® 400 44.2 17.9 405 164
Celliant® 600 389 i5.9 408 93
Polyester 46.4 187 403 169
Mo Sail 429 17.2 400 100

Cover

2451 Example 18: Propagation Trials for Fruits and Vegetables with Lamps

{2461 One hundred plants cach of swoet peppers, tomatoes, and cucumber plants will be
planted in identical rockwool blocks (10 x 10 cm) and will be placed in a climate controlled
greenhouse (144 m®). About 25% of each plant species’ rockwoo! blocks will have a soil
cover made with the APMs (Trial A). About 25% of each plant species’ rockwool blocks will
have a soil cover made with the APMs with a different thickness than the ones used in Trial
A {Trial B). About 25% of cach plant species’ rockwool blocks will have soil cover made
with the same polymer material used in Trials A and B but not containing the mineral
compound, i.e. vot an APM (Trial C — control}. About 23% of cach plant species’ rockwool
blocks will have no soil covers (Trial Id - control). The climate controlled greeshouse will
have an cbb-flow system for rrigation and nutrition applications. The greenhouse will be
equipped with lamps such as LED lamps or SON-T lamps having intensity of 140 ymei/m?‘/’s,
The lamps, cither onc type or combination of multiple types, will be turned on daily for about
2 hours to about 24 hours. All plants will receive the same treatments {water, mutrients, ¢tc. ).
The sweet pepper plants will be grown for approximately 10 wecks. The tomatoe plants will
be grown for approximately & weeks. The cucumber plants will be grown for approximately 6
weeks. During the study, the plant length, leaf size, number of fruiting bodics, and BRIX
values will be monitored and recorded as well as the weights of the rockwool plant blocks. At
the end of the propagation study, the plant length, fresh weight plants, dry weight plants, and

feaf area will be measured, calculated, and recorded.
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{2471 Example 19: Sofl Cultivation Study with Lettuce and Radish Plants

[248] A climate controlied greenhouse (100 m?) was divided into 6 compartments.
Butterhead lettuce plants were planied 1o 3 of the compartroents and radish plants were
planted in the other 3 compartments. One compartment of each lettuce and radish will be
treated with APMs placed over the soil like muich (loose fibers), specifically using Celliant®
600 g/sm material ("Celliant® 6047 treatment}. One compartment of each lettuce and radish
will be treated with polyester loose fibers (“polyester” treatraent). One compartracnt of cach
fettuce and radish will recetve no soil covering ("no soil cover” treatment). The cultivation
tirne will be approximately 9 wecks for the lettuce and approximately S weeks for the radish
plants (from sow date}. The plant density of the letiuce was 13 piantf;,/m2 and the sow density
of the radish was 230 sceds/m”. This soil cultivation study was conducted with 2 replications

per treatment.

12491 The chimate controlled greenhouse was equipped with ebb and flood system for
irrigation and nutrition applications. All plants and compartments received the same
treatments (water, nutrients, etc.}. At the end of the study, fresh weight of the plants were
measured and those plant parts were dried at 80 °C for two days and measured again (dry
weight), The results of the plant measurements were analyzed with analysis of variance

{Genstat) and with the Student test for pairwise comparisons of means (p = 0.035).

[250] The observation and measurements obtained for butterhead lettuce plants are shown
in Table 17. The application of Celliant® mulch or polyester mulch increased the weights of

the lettuce and resulted in fncreased core lengths.

F . . ~ “
Table 17: Average Production Observation and Measurements for Lettuce

e Gross weight | Net weight Woato? (o Core length Dry matter
Treatment () (@) Waste” {g) (em) (%)
Celliant® . . .
600 461 b 420 b 42a 9a 33
Polyester 479 b 426 b 33b I1b 3.3
Mo Soi 248 3434 81 ¢ 19¢ 34
Lover
Significance .
“'1@‘2‘;&““ 0.001 <0.001 <0.001 <0.001 NS

"When values in the same colummn followed by the same letter, treatments do not differ
significantly at p = 0.05. When p = 0.05 or p < 0.05, treatments have a significant effect on
that aspect. Treatments with a different letter are significantly different. NS = statistically not
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significant, “Waste refers to organic matter that was discarded which was not suitable for
potential sale.

[251] The observation and measurements obtained for radish plants are shown in Table IR
The application polyester mulch the stze and weight of the radish tubers. Celliant® mulch

resufted in longer leaf lengths.

Table 18: Average Production Observation and Measurements for Radish’

Treatrnent : ube;‘ﬁ:;neier Tuber weight {g) | Leaflength {om} | Leal Weight (g)
Celliamt® e ) B
Polyester 3095b 1360 212 a K7b
Mo Soit 28.0 2 984 2102 76a
Cover
Slgm(g‘a‘m <0.001 <0.001 <0.001 <0.001

"When values in the same column followed by the same letter, treatments do not differ
significantly at p = 0.05. When p = 0.05 or p < 0.05, treatments have a significant cffect on
that aspect. Treatments with a different letter are significantly different. NS = statistically not
significant.

[252] Example 28: Cultivation Study with Strawberry

2531 Approximately 100 pots of strawberry plants will be placed in a climate controlled
greenhouse (100 1n2). The identical pots contain coconut chips as substrate. About 30% of the
pots will receive APMs over the growth media (Trial A) and about 50% of the pots will not
(Trial B — control). The cultivation time will be approximately 10 weeks. The climate
controlled greenhouse will bave an ebb-flow systers for irvigation and nuirition applications.,
The greenhouse will be equipped with lamips such as LED lamps or SON-T lamps having
intensity of 140 pmol/m?/s. The lamps, either one type or combination of multiple types, will
be turned on daily for about 0 hours to about 24 hours. All plants and compartments will
recerve the sarme treatments (water, nutrients, ote.). During the study, the plant height, width,
number of fruits, weight of the fruits, and BRIX values will be mouttored and recorded. At
the end of the cultivation study, fresh weight, and the dry weight of the plants will be

rocasured and recorded.

254} It should be understood that the above description is ouly representative of illustrative
embodiments and examples. For the convenience of the reader, the above description has

focused on a livoited number of representative examples of all possible ewbodiments,
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examples that teach the principles of the disclosure. The description has not attermpted to
exhaustively enumerate all possible variations or even combinations of those variations
described. That alternate embodiments may not have been presented for a specific portion of
the disclosure, or that further undescribed aliernate evobodivsents may be available for a
portion, is not to be considered a disclaimer of those alternate embodiments. One of ordinary
skill will appreciate that many of those undescribed embodiments, invelve differences in
technology and materials rather than differences in the application of the principles of the
disclosure. Accordingly, the disclosure is not intended to be Hmited to less than the scope set

forth in the following claims and equivalents.

Mention of any reference, article, publication, patenf, patent
publication, and patent application cited herein is not, and should not be taken as an
acknowledgment or any form of suggestion that they constitute valid prior art or form part of

the common general knowledge in any country in the world.
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What is claimed is:

1. A method for improving plant growth, said method comprising:

(a) placing an active polymer within 30 cm of a plant and in contact with growth media

for said plant; and

(b) allowing said plant to grow;

wherein said active polymer comprises one or more minerals incorporated in a polymer
matrix, and wherein an infrared radiation absorptance exhibited by said active polymer is at least
78% greater than an infrared radiation absorptance exhibited by a control material that does not
include the active polymer, provided the same source of a radiation; wherein said plant exhibits

improved growth compared to a control plant grown without said active polymer.

2. The method of claim 1, wherein the one or more minerals are selected from the group
consisting of silicon carbide (SiC), calcium carbide (CaCz), titanium dioxide (Ti0O2), aluminum

oxide (Al203), and silicon dioxide (SiOz).

3. The method of claim 1 or 2, wherein the active polymer comprises one or more polymer
types selected from the group consisting of polyethylene terephthalate (PET), polyester, nylon,

rayon, and spandex.

4. The method of any one of claims 1-3, wherein the one or more minerals incorporated in

the polymer matrix comprise about 1% to about 2% of a total weight of the active polymer.

5. The method of any one of claims 1-4, wherein the active polymer is an extruded active
polymer having a form selected from the group consisting of a fiber, a staple fiber, a film, and a

sheet.

6. The method of claim 5, wherein the selected form of the active polymer is a fiber, and
wherein said fiber is made into a textile using a technique selected from the group consisting of

weaving, stitching, sewing, knitting, bonding, fusing, and felting.

7. A kit, comprising: a plant growth media, a pot, and an active polymer disposed within the

pot as a liner of the pot, wherein said active polymer comprises one or more minerals
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incorporated in a polymer matrix, and wherein an infrared radiation absorptance exhibited by
said active polymer is at least 78% greater than an infrared radiation absorptance exhibited by a
control material that does not include the active polymer, provided the same source of a

radiation.

8. The kit of claim 7, wherein the one or more minerals are selected from silicon carbide
(SiC), calcium carbide (CaCy), titanium dioxide (TiO2), aluminum oxide (Al203), and silicon

dioxide (Si102).

9. The kit of claim 7 or 8, wherein the active polymer comprises one or more polymer types

selected from polyethylene terephthalate (PET), polyester, nylon, rayon, and spandex.

10.  The kit of any one of claims 7-9, wherein the one or more minerals incorporated in the

polymer matrix comprises about 1% to about 2% of a total weight of the active polymer.

11.  The kit of any one of claims 7-10, wherein the active polymer is at least one of a fiber, a

staple fiber, a film, a sheet, and/or a non-woven textile.

12.  The kit of any one of claims 7-11, wherein the active polymer is in the form of a bag, the

bag configured to receive the plant growth media therewithin.

13.  An agricultural material, comprising: a bag comprising an active polymer, the active
polymer including one or more minerals incorporated in a polymer matrix, and wherein an
infrared radiation absorptance exhibited by said active polymer is at least 78% greater than an
infrared radiation absorptance exhibited by a control material that does not include the active

polymer, provided the same source of a radiation, wherein the bag covers a growth media.

14.  The agricultural material of claim 13, wherein the one or more minerals are selected from
silicon carbide (SiC), calcium carbide (CaCy»), titanium dioxide (Ti02), aluminum oxide (Al203),

and silicon dioxide (SiO2).

15.  The agricultural material of claim 13 or 14, wherein the active polymer comprises one or
more polymer types selected from polyethylene terephthalate (PET), polyester, nylon, rayon, and

spandex.
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16.  The agricultural material of any one of claims 13-15, wherein the one or more minerals
incorporated in the polymer matrix comprises about 1% to about 2% of a total weight of the

active polymer.

17.  The agricultural material of any one of claim 13-16, wherein the active polymer is at least

one of a fiber, a staple fiber, a film, a non-woven textile, and/or a sheet.
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FIGK. 4A-48

FIG, 44 FiG. 48

FIGS. 5A-58
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FIG. 7
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FIG. 16

Active Polymer Material System
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Reflectance spectrum on the wavelength range [3um to 18%um]
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