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ENVIRONMENTALLY RESPONSIVE CHROMIC LUMINESCENT MATERIALS
WITH IMPROVED HAND

FIELD OF THE INVENTION

[0001] Thas technology 1s generally 1n the field of environmentally responsive textiles
that have good fabric hand that have been treated with luminescent (emissive) and non-
luminescent (absorptive) materials to form improved camouflage materials whose color,

brightness, and frequency adapt with ambient light.

BACKGROUND OF THE INVENTION

[0002] Camouflage systems are sophisticated combinations of colored macro- and/or
micro-patterns, which are developed to address disruption of shape and background matching
for the purpose of concealment. These systems generally use absorptive pigments that
subtract a certain fraction of incident radiation to produce a desired reflectance value, so as to
achieve a brightness level similar to that of the selected surrounding for which concealment 1s
warranted. However, once applied to fabric, the current camouflage systems produce a
reflectance value and pattern frequency that 1s static, 1.¢., the camouflage systems will not
change as the environment and/or terrain changes, and are therefore unlikely to be as
cttective throughout the 24-hour day/night cycle, or where different terrams are encountered.
These static compositions do not change with the environment, which can be a problem when
an individual moves from a brightly lit arca into shadow or vice versa. As a result, the use of
these compositions 1s substantially limiting. To be adaptive to the environment when the
environment 1s darker, the color of the camouflage should become less bright to better blend
in with the surroundings and conversely, for very bright surroundings, the colors should be
brighter.

[0003] Attempts have been made at adaptive camoutlage materials. However, they
have not utilized emissive materials. For example, US Patent No. 5,985,381 to Connor and
US Patent No. 5,144,877 to Parks disclose the use of both photochromic and thermochromic
dye technologies for adaptive camouflage. However, both technologies rely on the change in
absorptive propertics of the materials as a function of incident electromagnetic radiation. The
change 1n absorption occurs via molecular rearrangements following sunlight exposure to
affect color change, 1.¢., these camouflages go from a colorless or light colored state to a

darker colored state. Given that these technologies rely on absorptive properties, they cannot



CA 02956799 2017-01-30

WO 2016/019100 PCT/US2015/042817

be used to enhance brightness. Thus, undesirably, the contrast between the object and the
surroundings 1s mcreased 1n a brighter environment.

[0004] US Publication No. 2013/0288022 and US Publication No. 2013/0288075
both to Agrawal et al., describe an adaptive camouflage system that includes chromic
luminescent compositions that have a “dynamic effect,” 1.¢., Agrawal et al. provide
compositions that can modulate color, brightness and/or frequency in response to variations
in ambient lighting conditions. However, the resultant fabric feels stitf, rough, harsh, and
does not have the appropriate “hand,” a term used 1n the industry to describe sensorial
comfort.

[0005] Theretore, there 15 a need to solve the problem of providing textiles/fabrics
that display an adequate “dynamic effect,” while simultancously having a desirable “hand,”
an essential quality for usage of the fabric.

[0006] It 1s therefore an object of the present disclosure to provide adaptive
camouflage textile materials that have an acceptable “hand.”

[0007] It 1s also an object of the present disclosure to provide a method for making

adaptive camouflage textile materials that also have an acceptable “hand.”

SUMMARY OF THE INVENTION

[0008] Formulations for increasig the hand of fabrics treated with chromic
luminescent compositions (CLC) that modulate color, brightness and/or frequency through
absorption and emission as a function of incident electromagnetic radiation, as compared to a
textile material that does not include the CLC are described. The incident electromagnetic
radiation can emanate from at least one of a natural light source or an artificial light source.

[0009] The CLC 1ncludes at least one non-luminescent material and at least one
[luminescent material. The type and proportion of the non-luminescent materials and
luminescent materials, as well as appropriate ratios of binder to luminescent materials,
provide a CLC wherein the color, brightness and/or frequency are modulated through
absorption and emission as a function of incident electromagnetic radiation and the treated
fabric exhibits good fabric hand. The non-luminescent materials can be organic non-
fluorescent materials or inorganic non-fluorescent materials. At least one of the non-
[luminescent materials included 1in the CLC has an absorption spectrum that at least partially
overlaps with the spectrum of the incident electromagnetic radiation. The luminescent
materials can be organic fluorescent materials or mnorganic fluorescent materials. At least one

of the luminescent materials mncluded in the CLC converts at least a portion of the energy of
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incident electromagnetic radiation to a lower energy wavelength. In some embodiments the
luminescent materials include C.1. Acid Yellow 7 (brilliant sulfaflavine, CAS Reg. No. 2391-
30-2), TERASIL Flavine 10GFF (CAS Reg. No. 12221-32-35), Fluorescent Blue G, C.I. Acid
Red 131 (CAS Reg. No. 12234-99-0), SYNTHROWITE NWYV, and C.I. Acid Violet 48
(CAS Reg. No. 12220-51-8). The lumimescent materials used will be determined by the
desired dynamic effect, as a function of type of fabric selected, the depth of the color printed.

[0010] In some embodiments the percent compositions of non-
[luminescent/luminescent materials included in the CLC are 1n the range from 2/90% to
20/80%. While this ratio can describe the range 1n the some embodiments, the actual range
will depend upon the fluorescent quantum yield of the luminescent components selected, the
desired depth of color and the desired dynamic color change. The actual ratio of the non-
luminescent materials to the luminescent materials can vary greatly, ranging from
compositions favoring the luminescent materials as given in the examples to those having a
majority of non-luminescent materials.

[0011] The CLC can mclude, or be administered at the time, additives such as
thickeners, defoamers, and dispersants. Polymers and/or other binders (referred to herein as
“binders”) are selected to not only provide adhesion of the CLC to the fabric, without causing
unacceptable stiffness or roughness but also for maximizing luminance (compatibility with
polymer),that 15, emissive component . The luminescent material and binder included 1n
the CLC are 1n a ratio which 1s dependent on the quantum yield of the luminescent materials
used and the desired hand of the preferred fabric. This 1s determined by the procedure
described below. In an embodiment, the weight ratio of binder to luminescent material
included 1n the CLC 1s in the range from 3.8:1 to 10:1.

[0012] The materials can be applied to any fabric, including natural materials such as
cotton and silk, and synthetic materials such as polyesters, rayon and nylon. These can be
made mto, or are i the form of, clothing, tents, flags, coverings for buildings, arcas, vehicles
and watercraft. They are particularly useful in military and hunting applications. In an
embodiment, the material 1s a textile, referred to as chromic Luminescent Camouflage Textile
(LCT). LCT provides adaptive camouflage as a function of the ambient lighting environment,
with an acceptable sensorial comfort (“hand™).

[0013] Also provided 1s a method for making a chromic luminescent composite
material. The method includes applying the CLC and binder onto a suitable material. In
some¢ embodiments, the CLC 1s applied to the material treated with the binder; i another

embodiment they are applied together. Application of the binder after application of the CLC
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can be utilized, but 1s not as preferred. The luminescent component(s) of the CLC which
possess complementary mteracting properties (for example 1onic properties) are selected for
compatibility with the surface of the textile. The ratio of binder to luminescent material
included m the CLC can be determined according to the screening procedure described
below. For the binder luminescent materials pairs described i examples below, the range 1s
from 3.8:1 to 10:1. The CLC can be applied to the fabric using methods well known to those
in the art of printing and dying of textiles such as, but not limited to, vat dying, dip coating,

screen printing, 1k jet printing and/or transfer printing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The following description applies to the graphs presented m FIGS. 1 - 6:

[0015] The 'X' or horizontal axis of the graphs represents the 'a' value of the CIELab
color space (see description in Measuring Dynamic Effect below). Each block represents one
color unit. The values will range from green (left) to red (right).

[0016] The "Y' or vertical axis of the graphs represents the 'b' value of the CIELab
color space. Each block represents one color unit. The values will range from blue (lower
values) to yellow (higher values).

[0017] FIG. 1 shows the color change of the ik formulation 1 when moving from
daylight to shade.

[0018] FIG. 2 shows the color change of the ik formulation 2 when moving from
daylight to shade.

[0019] FIG. 3 shows the color change of the ink formulation 3 when moving from
daylight to shade.

[0020] FIG. 4 shows the color change of the ink formulation 4 when moving from
daylight to shade.

[0021] FIG. 5 shows the color change of the ink formulation 5 when moving from
daylight to shade.

[0022] FIG. 6 shows the color change of the ink formulation 6 when moving from
daylight to shade.

DETAILED DESCRIPTION OF THE INVENTION

[0023] “Luminescence” as used herein refers to the emission of electromagnetic
radiation from any substance. Luminescence occurs from electronically excited states

following excitation of the ground state of the substance by an energy source.
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[0024] “Non-luminescent material” as used herein 1s a material that absorbs mcident
clectromagnetic radiation and does not substantially emit electromagnetic radiation
subsequent to exposure to mcident electromagnetic radiation.

[0025] “Luminescent material” as used herein 1s a material which exhibits
luminescence, as defined above. To those of skill in the art, a luminescent material absorbs
clectromagnetic radiation at a first wavelength and re-emits the radiation at a second
wavelength that 1s longer and lower 1 energy than the first wavelength.

[0026] “Frequency’ as used herein 1s defined as the reciprocal of the mean distance
between one or more shapes and/or one or more patterns of a single or multiple colors used to
mimic the surrounding environment and/or terrain and encompasses both configural
information, 1.¢., sharp edges, fine details, etc., as well as global information about the shape,
1.¢., general orientation and proportions. The smaller the mean distance, the greater the
frequency.

[0027] “Emussive colorant” as used herein 1s a material that exhibits luminescence.

[0028] “Emissive component” as used herem 1s the luminescent output of an emissive
colorant, as defined above.

[0029] “Quantum yield” as used herein 18 defined as the ratio of the photons absorbed
to the photons emitted through luminescence, as defined above. Furthermore, it 1s the
probability of the excited state being deactivated by luminescence, as defined above, rather
than by another non-radiative mechanism.

[0030] “Self-quenching” as used herein refers to a bimolecular process that reduces
the fluorescence quantum yield without changing the fluorescence spectrum. Self-quenching
1s the quenching of one fluorophore by another and as such tends to occur under high
concentrations of fluorophore.

[0031] “Incident electromagnetic radiation” as used herein 1s defined as any light
source, natural and/or artificial, radiating within the surrounding environment.

[0032] “Ambient light” 1s a term used herein synonymously with “incident
clectromagnetic radiation,” as defined above.

[0033] “Dynamic effect” as used herein refers to an ink system exhibiting color,
brightness, and pattern frequency that can very as a function of environment

[0034] The term “hand” 1s as used herein describes the way a fabric feels when it 18
touched. Terms like softness, crispness, dryness and silkiness are all terms that describe the

hand of the fabric. A good hand refers to shape retention without stiftness.
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[0035] As used herein the term “photopic” refers to the weighting of the measured
luminance by the human eye response function

[0036] The term ““fabric” as used herein refers to a surface on which the formulations
can be applied. In some embodiments, the surface includes a textile material.

[0037] As used herem, a “dye” 18 a substance that displays color and can be employed
to change and/or enhance the color of another substance when 1t 1s applied mto or onto that
substance. In various embodiments a dye 1s applied 1n solid form or as a solution. In some
embodiments a dye 1s applied as a solution.

[0038] As used herein, a “binder” 1s a film forming substance that holds other
substances together. In some embodiments a “binder” includes a chemical substance 1n which
a dye exhibits greater solubility to give high emissions.

[0039] As used heremn, an “additive” 1s a substance that 1s added to another substance
to 1 order to achieve a desired property.

[0040] Previous attempts to create a dynamic camouflage effect rely on chemical
bmders to fix the emissive dyes to the fabric. This 1s because the dyes used were msoluble or
sparingly soluble 1n water and did not contain any groups capable of mteracting/bonding with
a specific fiber. This lack of functionality for directly binding to the fabric required the dyes
be bonded to the fiber by the use of relatively high molecular weight binders, and various co-
additives (fixing agents, etc.) that are incorporated into the fiber by one of many thermal
processes. This resulted 1 stiff, rough, and harsh fabric not having a desirable “hand.”

[0041] Printed CLC must have good adherence of the inks to the selected fabric to be
commercially viable. If the emissive colorants selected have no affinity to the fabric, high
molecular weight film forming binders are necessary, which adversely impact “hand.”

Hence, selecting dyes that will interact strongly with the fabric are preferable since the use of
such dyes ensure good ik adherence to the fabric, while using lower amounts of binders and
lower molecular weight binders resulting 1n a soft feel.

[0042] While there are technologies that can produce strong and soft fabrics without
the use of a chemical binder for standard non-emissive colorants, these processes cannot 1n
general be used for emissive colorants since the absence of some level of binder will lead to
concentration quenching resulting from aggregation of the emissive colorant thus resulting
in an msufficient “dynamic effect”. The use of dyes that are strongly adhered to the fabric
without any added polymeric binder will in general create an msufficient emissive component

in the resulting color and brightness, resulting 1 an inadequate “dynamic effect”.
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[0043] For a given fabric, the first step 1s the proper selection of emissive colorant. As
mentioned earlier 1t 18 preferable to select a dye class for a given fabric that will have
propensity to bind to the fiber. Hence once a fabric 1s selected one has a choice amongst
several dye classes such as acid dyes, basic dyes, disperse dyes, etc. (described below) that
can be selected. For screening procedure examples 1-5 the dye selected 1s a disperse dye. It
should be noted however that having selected a dye that has propensity to bind to fabric,
selection confirmation can only be made by selecting and testing in conjunction with the
complementary binder polymer (polymer in which the dye exhibits solubility to yield higher
emissive component). This can be determined by coating the fabric with emissive colorant
alone, but including surfactant and thickener for the contemplated polymer, and then over-
coating with different binders to first determine suitable emissive colorant polymer pairs.
Once a proper emissive colorant/binder pair has been selected, the emissive colorant 1s over
coated with varying amounts of polymer to determine the operating band or region wheremn
on¢ can have simultancously good “dynamic effect” and at least an acceptable “hand.”

10044 ] The CLC includes at least a non-luminescent material, a luminescent material,
and a binder and/or additives commonly used the 1n the art and practice of textile printing and
dyeing as long as such materials do not mterfere with the dynamic effect as determined by the
screening methodology outlined below. In cases described below, the use of a selected binder
will improve the performance of the luminescent material, in which case its use if preferred.
These components collectively provide a formulation that achieves acceptable levels of
“dynamic effect” and fabric “hand” when applied to fabrics or textiles

[0045] Luminescent and non-luminescent materials are selected to provide adaptive
camouflage. As a camouflaged object moves from a dark environment to a brighter
environment, an mcrease in camouflage effectiveness requires an mcrease in brightness,
which can be achieved by converting non-visible radiation to visible and/or converting low
photopic efficiency visible radiation to greater photopic efficiency visible radiation. This 18
accomplished through the use of luminescent or emissive materials.

[0046] Colorants that have propensity to bind to the fabric 1s an important step
towards achieving good hand since 1t decreases the need for high molecular weight binders to
adhere printed mk to binder. Binding of colorants to fabric 1s a function of the specific fabric
that 1s the fabric class

[0047] The U.S. Federal Trade Commuission recognizes at least 13 classes of dyes.
Each class of dye has a propensity to bind/interact with a specific fiber(s)/fabric(s). Within

cach class of dyes, emissive (fluorescent) materials exist that are suitable for use 1n preparing
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fabric which displays a dynamic camouflage effect as described 1n the publications above.
Thus 1t 18 possible through the judicious use of the appropriate dye class to prepare ks,
paints, ¢tc. which will show an affinity to a desired fabric and consequently allow for the use
of little or no binder.

[0048] A summary of the mmportant dye classes and the fabrics they bind to 1s
presented below.

[0049] Acid dyes are chromophores that have 1onized negative acidic groups and
most often contain the salts of sulfuric and carboxylic acids. In addition, dyes containing the
ionizable phenolic moiety can also be classified as acid dyes. These negatively charged
chromophores, when applied under mild acidic conditions, readily react with generated
positive (cationic) sites on wool, silk, polyamide and synthetic Nylon fibers and leather.

[0050] Basic dyes are cationic or positively charged chromophores that react well
with anionic or negatively charged fibers to produce strong 1onic bonds. The cationic groups
present on these colorants /chromophores usually take the form of positively charged amine
oroups. They are most often used to color acrylic fibers through the iteraction with their
negative sulphonate and/or carboxylate groups.

[0051] Drrect dyes mainly are used to stain cellulosic fibers and do not require a
mordant to fix the dye on the fiber. They are anionic dyes that can be used to dye wool and
nylon fibers also. They are applied from salt-containing baths; the salt increases affinity and
forces the equilibrium between dye 1 the bath and dye on the fiber in favor of the latter.

[0052] Disperse dyes are sparingly soluble in water and are applied as dispersions.
Their transport from the dye bath to the fiber 1s 1n monomolecular dissolved form. They are
used mainly for polyester and acetate fibers. Insoluble azo dyes are produced in situ by
depositing a temporarily solubilized phenolic compound (naphthol) 1n the fiber and
subsequently coupling the phenol with a diazonium salt. Such dyes are used primarily mn the
dyemg and printing of cellulosic fibers. Their use has declined sharply  the last decade.

[0053] Fiber-reactive dyes are anionic dyes containing a reactive group capable of
forming a covalent bond with a compatible fiber group, ¢.g., typically the hydroxyl group of
cellulose. It 1s the only class of dyes resulting in such a bond. Textiles dyed with fiber-
reactive dyes exhibit excellent wet fastness. The use of fiber-reactive dyes 1S increasing.

[0054] Sulfur dyes have affinity for cellulosic fibers i an alkaline reducing bath.
After oxidation on the substrate, these dyes are msoluble and fixed by being trapped inside
the fiber. The shade range available with sulfur dyes 1s limited to muted colors. The primary

application 1s for corduroys, work clothes, jeans, etc.
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[0055] Vat dyes are applied in a stmilar manner as sulfur dyes. Insoluble in water,
they are applied as dispersions and reduced in an alkaline bath, where they form the water-
soluble leuco compound with an affinity for cellulosic fibers. They are insolubilized by
oxidation and fixed to the substrate by entrapment. The printed dyes have excellent fastness
properties.

[0056] Mordant dyes are a special group of acid dyes that undergo a chemical
reaction with a metal atom, usually chromium. The mordant can be applied before the dye,
together with the dye, or after the dye. In the first case, the fiber 1s impregnated with a
solution of a salt of the mordanting metal. In the second case, dye and metal salt are applied
together, and m the third case, the dye 1s first applied like any acid dye and then treated with
the metal salt. Reaction with the metal changes the color of the dye and substantially
improves fastness properties.

[0057] The luminescent materials include organic fluorescent materials or inorganic
fluorescent materials. Preferred luminescent materials include C.I. Acid Yellow 7 (brilliant
sulfaflavine, CAS Reg. No. 2391-30-2), TERASIL Flavine 10GFF (CAS Reg. No. 12221-32-
5), Fluorescent Blue G, C.I. Acid Red 131 (CAS Reg. No. 12234-99-0), Synthrowite NWYV,
and C.I. Acid Violet 48. Additional luminescent materials that can be used in compositions
include, but are not limited to, fluorescein 1sothiocyanate (FITC), 5,6-carboxymethyl
fluorescein, Texas red (sulforhodamine 101 acid chloride, CAS Reg. No. 82354-19-6),
coumarin, rhodamine, amino-methyl coumarin (AMCA), Eosin, Erythrosin, Cascade
Blue(pyrenyloxytrisulfonic acid), Oregon Green(2’,7’-difluorofluorescein, CAS Reg. No.
195136-58-4)), lissamine ([4-[4-(dimethylamino)-alpha-(2-hydroxy-3,6-disulphonato-1-
naphthyl)benzylidene]cyclohexa-2,5-dien-1-ylidene]dimethylammonium inner salt sodium
salt, CAS Reg. No. 3087-16-9), xanthenes, acridines, oxazines, phycoerythrin, Acid Fuchsin
(Disodium 2-amino-5-[(Z£)-(4-amino-3-sulfonatophenyl)(4-1minio-3-sulfonato-2,5-
cyclohexadien-1-ylidene)methyl]-3-methylbenzenesulfonate, CAS Reg. No. 3244-88-0),
Alizarin Red (1,2-dihydroxy-9,10-anthracenedione, CAS Reg. No. 72-48-0),
Allophycocyanin, Aminocoumarin, Astrazon Brilliant Red 4G (CAS Reg. No. 12217-48-0),
Astrazon Orange R (basic orange 21, CAS Reg. No. 3056-93-7), Astrazon Red 6B (basic
violet 7, CAS Reg. No. 6441-82-3), Astrazon Yellow 7 GLL, Auramine, Aurophosphine,
Brilliant Sulphoflavin FF, Calcien Blue (4-Methylumbelliferone-8-methylimimodiacetic acid,
CAS Reg. No. 54375-47-2), Calcium Green, Calcofluor RW Solution, Cascade Yellow,
CY3.18, CYS5.1 8, Cyanine 7, Diphenyl Brilliant Flavine 7GFF (CAS Reg. No. 61725-08-4),
Erythrosin 1sothiocyanate (CAS Reg. No. 90284-47-2), Euchrysin, Flazo Orange (1-(5-
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chloro-2-hydroxyphenylazo)-2-naphthol, CAS Reg. No. 3566-94-7), Fluorescamine (4-
Phenylspiro-[furan-2(3H),1-phthalan]-3,3'-dione, CAS Reg. No. 38183-12-9), Fura-2 (CAS
Reg. No. 113694-64-7), Genacryl Brilliant Red B, Genacryl Brilliant Yellow 10GF (CAS
Reg. No. 71819-59-3), Genacryl Pink 3G, Genacryl Yellow SGF, Leucophor PAF,
Leucophor SF, Leucophor WS, Lissamine Rhodamine B200 (RD200), Lucifer Yellow CH
(CAS Reg. No. 71206-95-6), Lucifer Yellow VS (CAS Reg. No. 71231-14-6), Magdala Red
(CAS Reg. No. 18472-87-2), Marma Blue (1-[[(6,8-d1ifluoro-7-hydroxy-4-methyl-2-0x0-2H-
1- benzopyran-3-ylacetylloxy]- 2,5-Pyrrolidinedione, CAS Reg. No. 215868-29-4), Maxilon
Brilliant Flavin 10 GFF, Maxilon Brilliant Flavin 8 GFF, MPS (Me¢thyl Green Pyronine
Stilbene), Nuclear Fast Red (CAS Reg. No. 6409-77-4), Nuclear Yellow
(Benzenesulfonamide, 4-[5-(4-methyl-1-piperazinyl)[2,5'-bi-1H-benzimidazol]-2'-yl]
trihydrochloride, CAS Reg. No. 74681-68-8), Nylosan Brilliant Flavin EG, Pacific Blue,
Pararosaniline ([4-[Bis(4-aminophenyl)methylhidene]-1-cyclohexa-2,5-dienylidene]azanium
chloride, CAS Reg. No. 569-61-9), Phorwite AR Solution, Phorwite BKL, Phorwite Rev,
Phthalocyanine, Phycoerythrin R, Polyazaindacene Pontochrome Blue Black, Porphyrin,
Procion Yellow (CAS Reg. No. 59112-78-6), Pyronine, Pyronine B (CAS Reg. No. 2150-48-
3), Pyrozal Brilliant Flavin 7GF, Rhodamine 123 (CAS Reg. No. 62669-70-9), Rhodamine 5
GLD, Rhodamine 6G (CAS Reg. No. 989-38-8), Rhodamine B (CAS Reg. No. 81-88-9),
Rhodamine B 200, Rhodamine B Extra, Rhodamine BB, Rhodamine BG, Rhodamine WT,
Sevron Brilliant Red 2B, Sevron Brilliant Red 4G, Sevron Brilliant Red B, Sevron Orange,
Sevron Yellow L, sulpho Rhodamine B (CAS Reg. No. 3520-42-1), Sulpho Rhodamine G
Extra (CAS Reg. No. 5873-16-5), Thiazine Red R (CAS Reg. No, 2150-33-6), Thioflavin S
(CAS Reg. No. 1326-12-1), Thioflavin TCN (CAS Reg. No. 2390-54-7), Thioflavin 5Thiozol
Orange, and Xylene Orange (CAS Reg. No. 3618-43-7).

[0058] Under low ambient light levels, the luminescent material mmimally emits a
lower energy wavelength. Thus, the defined color and brightness produced are as a result of
this emitted lower energy wavelength combined with the unabsorbed clectromagnetic
radiation from the non-luminescent material that 1s retlected, scattered, etc. On the other
hand, under increased ambient light levels, the luminescent material emits a higher amount of
lower energy wavelength resulting 1n either a percerved similar color with increased
brightness or a different color and brightness that encompass both this lower energy
wavelength along with the unabsorbed electromagnetic radiation from the non-luminescent
material that 1s reflected, scattered, etc. It should be noted that the contribution of the

emissive colorant will also be dependent upon the spectrum of the incident electromagnetic
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radiation, that 1s n the degree of overlap of the ambient radiation and the absorption spectrum
of the emissive colorant. This will also cause the CLC to respond to different daylight
spectrum such as at dawn versus noonday sun. Thus, the perceived color and brightness of
the overall pattern produced under increased ambient light levels can be either a stmilar color
with mcreased brightness or a different color and brightness than that produced under low
ambient light levels. In addition, this differing of color and brightness under high ambient
light levels can alter the frequency of the overall pattern under the same ambient light
conditions by way of merging and/or filling of one or more portions of the pattern. In the
instance wherein the chromic luminescent composition includes more than one luminescent
material, 1t 1s also possible for the luminescent components to engage i either energy
transfer or electron transfer among cach other following their absorption of light when
exposed to increased ambient light levels.

[0059] The non-luminescent materials can be organic non-fluorescent materials or
inorganic non-fluorescent materials which are well known to those skilled in the art of dying
and printing of textiles. At least one of the non-luminescent materials included in the CLC
has an absorption spectrum that at least partially overlaps with the spectrum of the mcident
clectromagnetic radiation.

[0060] Non-luminescent materials can be provided that exhibit a preferred binding to
specific types of fibers. These non-luminescent materials are well known to those versed 1n
the art of providing coloration to both synthetic and natural fibers. A partial list follows
which 1s to be used only as an example and 1s not to be considered as limiting in any way.
For mstance, acid dyes such as # 405 Deep Purple, #411 Deep magenta, and # 424 true
turquoise from Dharma Trading Co. can be used to color protein fibers like wool, angora,
cashmere and silk. Other acid dyes are available from Jacquard mcluding #602 Bright
yellow, # 617 cherry Red and #623 brilliant Blue. In addition, dyes like C.I. Acid Blue 45
(CAS Reg. No. 2861-02-1), C.I. Acid Red 138 (CAS Reg. No. 15792-43-5), Acid Black 172
(CAS Reg. No. 61847-77-6), C.I. Acid Red 74 (CAS Reg. No. 6300-18-1) can also be used.
Examples of basic dyes that can be used to bind to acrylic and other fibers containing
structural anionic groups mclude C.1. Basic yellow 28 (CAS Reg. No. 54060-92-3), C.1.
Basic blue 8 (CAS Reg. No. 2185-87-7), C.1. Basic Red 9 (pararosaniline, CAS Reg. No.
569-61-9), and C.1. Basic Green 4 (CAS Reg. No. 569-64-2). Non-luminescent direct dyes
with substantivity for cellulosic fibers are plentiful. 75% of all direct dyes are unmetallized

azo-structures, a great majority of which are diazo or polyazo types. Examples mclude C.1.

Direct Red 80 (CAS Reg. No. 2610-10-8), Mordant Yellow 3 (CAS Reg. No. 6054-97-3),
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Mordant Red 26 (CAS Reg. No. 6360-12-9), Mordant Orange 6 (CAS Reg. No. 3564-27-0),
C.I. Direct Blue 67 (CAS Reg. No. 3354-97-0), C.1. Direct Orange 72 (CAS Reg. No. 12217-
64-0), C.I. direct Red 83 (CAS Reg. No. 15418-16-3). Disperse dyes such as #D118 Bright
Yecllow, # D360 Bright Red, #D4359 Bright Blue, and #D&885 Lilac from Pro Chemical and
Dye can be used to dye polyester and polyacetate synthetic fibers. Others include C.1.
Disperse yellow 3 (CAS Reg. No. 2832-40-8), C.1. Disperse Red 7 (CAS Reg. No. 4540-00-
5), C.I. Disperse Blue 7 (CAS Reg. No. 3179-90-6), C.1. Disperse Red 60 (CAS Reg. No.
12223-37-9), C.I. Disperse Red 91 (CAS Reg. No. 12236-10-1) and C.I. Disperse Blue 165
(CAS Reg. No. 41642-51-7). Examples of non-luminescent fiber reactive dyes that form a
covalent bond with cellulosic fibers like cotton include the Procion MX dyes such as C.1.
Reactive Yellow 86 (CAS Reg. No. 61951-86-8), C.I. Reactive Orange 4 (CAS Reg. No.
12225-82-0), C.I. Reactive Red 11 (CAS Reg. No. 12226-08-3), C.I. Reactive Red 195 (CAS
Reg. No. 93050-79-4), C.I. Reactive Violet 14 (CAS Reg. No. 12270-88-1), and C.1.
Reactive Blue 163 (CAS Reg. No. 72847-56-4). Companies like ALJO Mfg. Co., Batic
Octoro, Jacquard , and Pro-chemical and Dye, provide a wide Range of non-luminescent
Acid, Basic, Direct, Disperse and fiber reactive Dyes.

[0061] Binders can be classified into several categories based on polymeric (binder)
chemical structure and functionality. Binders can also be formed “in situ”” on the fabric
following the curing of monomers (non-woven fabrics) or they can consist of the application
of a large variety of latex polymers dispersed 1n an aqueous medium. The latex dispersion
can also carry surfactants, stabilizers, and other necessary additives. Their chemical
compositions not only influence hardness and softness, but also glass transition temperature
(Tg), hydrophobicity and hydrophilicity, elasticity, aging, and dry tensile strength. The
acrylic latex binders offer the greatest durability, color stability and dry/wet performance.
These acrylic binders have a wide range of fabric “hand” properties and can be formulated to
vary from soft (Tg = -40°C) to extremely hard (Tg = 105°C).

[0062] In some embodiments the binders include polyether or polyester polyurethane
binders such as SOLUCOTE 1050 and PERMAX 232. However, other binders can be
employed including, but not limited to, acrylates such as CRESACRYL 120 TR or Polyvinyl
butyral resins such as BUTVAR B-72.

[0063] Besides aiding 1n the overall binding of colorants to the fabric, the binder(s)
can also be used to contribute and convey numerous propertics that are necessary for the
performance of the fabric, including but not limited to wash fastness, fire resistance, water

repellency, etc. The type and quantity of a binder can have a dramatic effect on hand: too
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much binder results in a fabric that feels rough or hard/stiff; too little results in loss of wash
fastness. Given these important roles that the binder plays in creating a commercially viable
textile, and further since increasing binder amounts enhances the “dynamic effect”, suitable
binders must be selected for a specific emissive colorant and suitable ratios thercof that yield
higher emissive component and which lead to acceptable “dynamic effect” and fabric “hand.”

[0064] The luminescent material and binder included 1in the CLC are 1n a ratio as
determined by the screening methodology outlined below for a specific luminescent colorant
and binder pair. In some embodiments, the ratio of binder to luminescent material included
in the CLC 1s 1n the range from 3.8:1 to 10:1.

[0065] Additives that can be used 1n the compositions include dispersants, thickeners
and/or defoamers. Employing additives such as solubilizers, plasticizers, fixing agents, cross-
limkers and surfactants can extend the versatility of the binders in order to achieve the desired
“hand.” In some embodiments, the additives include PLURONIC 10R5, ALTOMA 1972 and
CELLOSIZE ER400 (CELLOSIZE ER 4400 1s a medium molecular weight, enzyme-
resistant hydroxyethyl cellulosic polymer). Other useful additives include, but are not limited
to, wetting agents, softening additives, surfactants, waterproofing additives, thickeners,
defoaming and deacrating agents which are well known to those skilled in the art and
commonly used for textile dyimng and/or printing inks. Such materials must be screened to
determine that they do not interfere with the function of the luminescent materials being
employed.

[0066] The CLCs are applied to materials such as clothing, tents, weapon and vehicle
covers, netting, parachutes, and other fabrics, textiles, and coverings to form CLTs. In some
embodiments, the support structure 18 a textile, used to make a chromic LCT. While 1in some
embodiments the textile material 18 a nylon/cotton blend fabric 1n a 50:50 ratio, additional
textile materials which can be used to make the chromic LCT include, but not limited to,
natural fibers such as cotton, linen, cellulose, hemp and jute, silk, and wool, synthetic fibers
such as polyesters, polyethylenes, acrylics, nylons, polypropylenes, and others, such as
DACRON (polyethylene terephthalate), blends of ORION (acrylic fiber), RAYON,
INOMEX, KEVLAR, KERMEL, and SPANDEX, and blends, composites, and laminates
thercof.

[0067] The CLC modulates color, brightness and/or frequency through absorption and
emission as a function of incident electromagnetic radiation, while mamtaining the “hand” of
a textile material that includes the CLC. Achieving good “hand” with the binder type and

concentration 1s facile to those skilled in the art when working with non- emissive

13



CA 02956799 2017-01-30

WO 2016/019100 PCT/US2015/042817

(absorptive) colorants. However, the same 18 not true for achieving an acceptable “hand”
concurrent with a good “dynamic effect” when using emissive colorants. This 1s because
these emissive colorants exhibit concentration quenching: the higher the dye concentration,
the greater the tendency for dye molecules to aggregate and hence be prone to concentration
quenching. Thus, a high binder amount with resultant higher solubility of emissive colorant
(lower dye concentration) will lead to high levels of emissive radiation which will create a
large dynamic effect. Unfortunately, the consequence of higher amounts of binder 1s that this
will cause the fabric “hand” to be poorer. Conversely, too little binder will result 1n a very
good “hand,” but an unacceptable “dynamic effect” as a result of emissive colorant
aggregation leading to emission (fluorescence) quenching.

[0068] As demonstrated by the Screening Procedure examples 1-4, for a given
emissive colorant/binder system, the operating region of acceptable “dynamic effect” and
fabric “hand” 1s readily determined. While the degree of impact on human perception of
“dynamic effect” can be performed by visual observation of color and brightness change in a
light box with different light sources, the “dynamic effect” can be quantitatively measured by
gencrating CIE Lab data.

[0069] To achieve acceptable dynamic effect and good fabric hand when using
[luminescent materials 1n conjunction with non-luminescent materials, in combination with
¢00d adherence of the printed ink to the fabric, 1t 1s important to select colorants that adhere
to the fabric, luminescent colorant binder pairs such that the luminescent material forms a
solid state solution with the binder polymer (necessary for good emission), and other
additives that do not interfere with the functioning of the luminescent material, and to
minimize the amount of binder added.

[0070] The following measurement methods can be utilized to determine the
adequacy of fabric “hand”. The concept of fabric “hand” or “handle” 1s used for the sensorial
cvaluation of textiles. While “hand” (or handle) has been defined 1n a variety of ways, 1n a
broad sense 1t refers to the total sensations experienced when a fabric 1s touched or
manipulated in the fingers. It implies the ability of the fingers to make a delicate and
discriminating appraisal in conjunction with the mind resulting 1n a single valued judgment.
Efforts to quantify hand using various analytical techniques instead of the historically
subjective methods have not led to a standard universal method of evaluation. One
confounding factor 1s that different cultures experience/evaluate the sensation of hand
differently. The consumers’ perception of the usefulness of a product 1s greatly influenced by

“hand” and has a direct effect on the commercial success of apparel, etc. This fabric property
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1s understood to be critical to manufacturers, garment designers, and merchandisers n
developing and selecting textile materials especially the textiles used m apparel. Many
factors can contribute to fabric hand including differences 1n the fiber, yarn, and fabric.
Additionally, processing procedures can have a dramatic effect on “hand.” These include
processes such as wet processing and chemical finishing, mechanical finishing and
refurbishing.

[0071] For purposes of quantifying the measurement of “hand,” the feel, texture and
drape of the printed material were compared directly with those of the unprinted fabric. The
“hand” 1s judged to be excellent when the properties are indistinguishable from the unprinted
material. When only a slight difference can be detected 1n the feel, texture, or drape the
“hand” 1s characterized as good. If a slight difference in two of the tactile properties could be
detected, the “hand” was judged to be acceptable. If the difference 1n any of the tactile
propertics was significant or the feel, texture and drape were all shightly atfected, then the
hand was labeled as poor.

[0072] A commercially available Greytag MacBeth Spectrolino mstrument
implementing the CIE Lab 1976 coordinates was employed for measuring “dynamic effect™.
This method 1s well known to those versed in the art.

[0073] For a given colorant, the complete mk fluids with different polymers and all of
the other additives such as surfactants and thickeners can be manufactured with binder
amounts selected at different concentrations, and then both the tabric “hand” and the
“dynamic effect” evaluated. However, 1t was found that the overall effort can be reduced 1f
the upper and lower bounds of the emissive component (“dynamic effect”) and the resulting
“hand” were first determined. Hence, the selected dye was first coated, preferentially
selecting colorants which bind to the fabric without any binder. Next, the strength of the
“dynamic effect” and the fabric “hand” were assessed by measuring the luminance intensity
(fluorescence) 1n a fluorescence spectrophotometer. The excitation frequency 18 1n the
wavelength of the region that needs to be converted to create the “dynamic effect.” This 18
used to determine the lower level or lower bound of the emissive component and the
corresponding “hand” 1s used to determine the upper bound for the printed fabric “hand.”
The “hand” was then determined by running the printed fabric through the figers.

[0074] Inttial screening of the emissive colorant without binder should also include a
suitable surfactant that 1s compatible with the contemplated binder and also a thickener,
which 1s also dependent upon contemplated binder that will be necessary for building

viscosity for screen printing. This 1s because these additives can impact the magnitude of the
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emissive component. The material 1s then coated with different amounts of the selected
polymer over the emissive colorant coating. This enables one to determination of the
maximum or upper bound of the emissive component and the lower bound of the attained
hand.

[0075] The following non-limiting examples (examples 1-4) illustrate screening
methodologies for selecting colorant, binder and determining operating region of
luminescent component binder ratio that yicld acceptable hand, dynamic effect and good

adherence of colorant to tabric.

Example 1. Testing the suitability of the TERASIL FLAVINE 10GFF-PERMAX 232
dye-binder pair

Materials and Methods

[0076] For testing the suitability of the TERASIL Flavine 10GFF-PERMAX 232 dye-

bmder parr, a 1% solution of TERASIL Flavine Yellow 10GFF was dissolved 1in water along
with PLURONIC 10RS5 to help with solubility. To this solution was added ALTOMA 1972
at 1.5% of the total to thicken 1t for printing.

[0077] This mk was then applied to a white NYCO fabric using screening printing
and a 120-mesh screen. NYCO 1s a woven fabric including a 50:50 blend of nylon and cotton.
Subsequently, the coatings above were overcoated with different amounts of PERMAX 232
binder. An appropriate amount of PERMAX 232 binder was added to the aliquots of the
formulation to achieve a 5%, 10%, 20% and 30% binder concentration in the ending
solutions. Both the emissive component and fabric “hand” were evaluated. The “dynamic
cttect” was 1nitially gauged by measuring emissive component n a fluorescence
spectrophotometer. the excitation was done at 470 nm to cascade the blue wavelength region
to yellow/red region.

Results

The data are shown 1n Table 1 below.

Table 1;: Effect of Binder Emissive:Colorant Ratio

Excitation at 470 nm, Amax = 518.6 nm

Binder Fluorescence Texture

to dye
Sample ratio
Emissive colorant only with no binder 3272 a.u. excellent hand
Binder emissive colorant ratio 5:1 3469 a.u. oood hand
Binder emissive colorant ratio 10:1 4628 a.u. acceptable hand
Binder emissive colorant ratio 20:1 3874 a.u. poor hand
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Binder emissive colorant ratio 30:1 6960 a.u. poor hand

Example 2. Testing the suitability of the TERASIL FLAVINE 10GFF-SOLUCOTE
1050

Materials and Methods

[0078] Simularly for testing the suitability of the TERASIL FLAVINE 10GFF-
SOLUCOTE" 1050 dye-binder, a solution of the emissive colorant TERASIL FLAVINE
10GFF was prepared with 1.5% CELLOSIZE ER4400 thickener and then coated/printed on a

NYCO fabric. After drymg and evaluation of “hand” and emissive component, this coated
fabric was then overcoated with various amounts of SOLUCOTE 1050 binder and the
emissive component (converted radiation, that 1s, fluorescence amount) and hand of each
coating was measured and evaluated as described in Example 1.

Results

The results are shown 1n Table 2.

Table 2: Effect of Binder Emissive:Colorant Ratio

Excitation at 470 nm, 2max = 518.6 nm

Binder to Fluorescence Texture

Sample dye ratio

Emissive colorant only with no excellent hand
binder 4240 a.u.

Binder emissive colorant ratio 3.8:1 5256 a.u. oood hand
Binder emissive colorant ratio 7.5:1 5791 a.u. acceptable hand
Binder emissive colorant ratio 15:1 5862 a.u. poor hand
Binder emissive colorant ratio 30:1 6940 a.u. poor hand
Binder emissive colorant ratio 30:1 8325 a.u. poor hand

[0079] The data m Tables 1 and 2 show that the emissive component for the
TERASIL FLAVINE 10GFF-PERMAX 232 dye-binder parr 1s lower than that for the
TERASIL FLAVINE 10GFF-SOLUCOTE 1050 dye-binder pair. Even without the presence
of a binder 1 the coating the associated additives for the PERMAX 232 binder depress the
emissive component. Thus with no binder, the TERASIL FLAVINE 10GFF-PERMAX 232
dye-binder pair has an emissive component of 3272 a.u. and the TERASIL FLAVINE
10GFF-SOLUCOTE 1050 dye-binder pair has an emissive component of 4240 a.u. It should
be noted that even 1n the absence of the binder the emissive colorant alone without binder has
a different emissive component. This 1s because as suggested above one should include the
auxiliary agents such as thickner and surfactant for the screening which as shown 1n this case

do 1mpact the emissive component.
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[0080] The data show that whereas for the TERASIL FLAVINE 10GFF-PERMAX
232 dye-binder parr, at a binder/emissive colorant ratio of 10:1 the emissive component
contribution 1s only 4628 a.u., for the TERASIL FLAVINE 10GFF-SOLUCOTE 1050 dye-
binder parr even at a lower binder/emissive colorant ratio of 7.5/1 the emissive component 18
approximately 25% higher at 5791 a.u. Thus, the TERASIL FLAVINE 10GFF-SOLUCOTE
1050 dye-binder parr 1s preferable to the TERASIL FLAVINE 10GFF-PERMAX 232 dye-
binder parr.

[0081] Referring to Table 2 above, whereas the emissive colorant alone (no binder)
gave a low emissive component (4240 a.u.) resulting from concentration quenching (high dye
concentration), the fabric exhibited very good “hand.” The emissive colorant layer was then
over coated with different binder amounts to result in varying amounts of binder emissive
component ratios. The results show that the higher the binder/emissive colorant ratio the
higher the emissive contribution to the final color and brightness. Thus, a binder emissive
colorant ratio of 60/1 increased the emissive component from 4240 a.u. to 8325 a.u. At this
high binder loading, the fabric “hand” was unacceptable. The binder/emissive colorant ratios
varying between the ranges of 7.5/1 to 3.8:1 gave acceptable “hand” and an emissive
component greater than 5000 a.u., which was higher than the lowest emissive component by
approximately 25%.

[0082] Referring to Table 2, the data show that the emissive colorant alone (no
binder) gave a low emissive component (4240 a.u.) resulting from concentration quenching.
However, because of the absence of a polymeric binder, the fabric exhibited very good
“hand.” The emissive colorant layer was then overcoated with polymer solutions of different
concentrations to arrive at varying amounts of polymer/dye ratios. The higher the polymer
dye ratio, the higher the emissive contribution to the final color and brightness. Thus, a
polymer dye ratio of 60:1 increased fluorescence yield from 4240 a.u. to 8325 a.u. At this
high polymer loading, the fabric hand 1s unacceptable. The data show that polymer/emissive
colorant ratios varying between ranges of 7.5:1 to 3.8:1 gave acceptable hand as well as an
emissive component greater than 5000 a.u., which 1s higher by approximately 25% than the
lowest emissive component. For a given emissive colorant polymer system one 1s then
quickly able to determine the operating region of acceptable dynamic effect” and fabric
“hand”. The measurement of fabric “hand” 1s described above. The dynamic camouflage
cffect can be measured by generating C.1.E data.

Example 3. Optimization of Binder: Emissive Colorant Ratio
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[0083] After the selection of appropriate pairs of emissive colorants and binders for a
given fabric, and having determined the operating region wherein both acceptable “dynamic
ctfect” and fabric “hand” are achieved, the results cited above were tested by preparing the
full formulations of printing ink containing all of the ingredients and measuring both the
“dynamic effect” and “hand.” The confirmation experiments can be targeted to the region of

the operating range determined above.

Materials and Methods

[0084] A 1% solution of TERASIL FLAVINE Yellow 10GFF was dissolved 1in water
along with PLURONIC 10RS5 to help with solubility. To this solution was added
CELLOSIZE ER4400 at 1.5% of the total to thicken 1t for printing. This formulation was

then applied to the white NYCO fabric using a 120 mesh screen and standard screen printing
methods. An appropriate amount of SOLUCOTE 1050 binder was added to the aliquots of
the formulation to achieve a 5%, 10% and 20% binder concentration in the ending solutions.

Table 3: Optimization of Binder: Emissive Colorant Ratio

Excitation at 470 nm, Azmax = 519.2 nm

Sample Binder to dye ratio Fluorescence Texture
Binder:emissive 5:1 3985 a.u. oood hand
colorant ratio

Binder:emissive 10:1 5716 a.u. good hand
colorant ratio

Binder:emissive 20:1 6114 a.u. poor hand

colorant ratio

[0085] It was shown 1n Table 2, by employing the screening method that
binder/emissive colorant ratios 1n the range 3.8:1 to 7.5:1 would give both acceptable
“dynamic effect” and fabric “hand.” Preparing the actual formulations of the selected
emissive dye and binder showed that a binder /emissive colorant ratio of around 10 resulted
in both acceptable “dynamic effect” of 5716 a.u. and fabric “hand.”

Example 4. Selecting a suitable emissive colorant for a given polymer

[0086] It 1s also important to select the appropriate emissive colorants. There are
emissive colorants that create a low level of emissive component even with incorporation of
high binder amounts. It can be difficult with such colorants to find a satisfactory operating
region wherem both “dynamic effect” and fabric “hand” are acceptable. This 1s demonstrated
in the example cited below.

Materials and Methods
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[0087] A 1% solution of Lemon Yellow dye from ARJO was dissolved m water along
with PLURONIC 10RS35 to help with solubility. To this solution was added CELLOSIZE
ER4400 at 1.5% of the total to thicken 1t for printing. This ink was then applied to the white
NYCO fabric using a 120 mesh screen and standard screen printing methods. An appropriate
amount of SOLUCOTE 1050 binder was added to the aliquots of the formulation to achieve a
5%, 10% and 20% binder concentration in the ending solutions.

Results

Table 4;: Effect of Emissive Colorant to Binder Ratio

Excitation at 470 nm, 2max = 501.6 nm

Sample Binder to dye ratio Fluorescence
Emissive colorant only with no binder 880 a.u.
Binder emissive colorant ratio 5:1 868 a.u.
Binder emissive colorant ratio 10:1 882 a.u.
Binder emissive colorant ratio 20:1 966 a.u.

[0088] Referring to Table 4, the coating including only emissive colorant showed a
low emissive output. Whereas the emissive output was 4240 a.u.for the TERASIL FLAVINE
10GFF-SOLUCOTE 1050 dye-binder additives, as shown 1n Table 2, the emissive output
was only 880 a.u. for the Lemon Yellow emissive colorant from ARJO. Increasing the binder
amount increased the TERASIL FLAVINE 10GFF emissive output to greater than 6000 a.u.
Increasing the binder amount for the Lemon Yellow emissive colorant the only mcreased the
emissive output to 966 a.u.

[0089] The emissive colorant 1s selected to include one or more emissive colorants (or
inorganic emitters) of appropriate wavelength arranged 1 such a way as to effectively ensure
ctficient energy transfer from one emissive colorant of higher energy to one of lesser energy
and thus modulate not only color but brightness as a function of the amount of converted
radiation 1n response to the ambient light mtensity and composition.

[0090] It 1s possible to have a certain region of the textile exhibiting a specific color
and brightness change as a function of incident electromagnetic radiation, while another
portion of the textile remain static. Furthermore, following this specific color and brightness
change, another region of the textile can undergo an alteration in frequency as a result of the
specific color and brightness change. Thus, one or more regions throughout the chromic
luminescent textile can behave differently and/or concurrently m order to produce the overall
desired effect of the textile.

[0091] The CLC modulates color, brightness and/or frequency through absorption and

emission as a function of incident electromagnetic radiation, while maintaining the “hand” of
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a textile material that includes the CLC as compared to a textile material that does not include
the CLC. This 1s accomplished by mixing at least one non-luminescent material and at least
on¢ luminescent material. Additional materials such as polymers, additives (thickeners,
defoamers, dispersants, ctc.), or binders can also be included. In embodiments where a
binder 1s employed, the luminescent material and binder are mixed 1n a ratio as determined
through the screening methodology described above for each luminescent material and binder
combination. In an embodiment, the ratio of binder to luminescent material 18 included 1n the
CLC 1s 1n the range from 3.8:1 to 10:1. The method mcludes selecting at least one non-
luminescent material that has an absorption spectrum that at least partially overlaps with the
spectrum of the incident electromagnetic radiation.

[0092] In some embodiments the percent ratios of non-luminescent/luminescent
materials included 1n the CLC, range from 2:90% to 20:80%.

[0093] To make the chromic CLT, the CLC 1s incorporated onto or into one or more
portions of the textile material using methods known 1n the art. In some embodiments, the
CLC 1s applied onto the fabric surface using screen printing. The CLC can be applied to one
portion of the textile material and another chromic luminescent composition (1.¢., including
different components) can be applied to another portion of the textile material so that
different arcas of the textile material can contain different CLCs that change color and
brightness 1n order to create the appropriate overall effect of the chromic luminescent textile.
Waterborne binders are applied by spraying, saturation, print, and foam methods depending
on the properties required of the intended fabric usage.

[0094] The CLC can be applied to the fabric through a variety of printing and dying
methods well known to those versed 1n the art. Examples of these that are commonly
practiced are screen printing, either by flat screen or by rotary screen; ink jet printing;
saturation coating; spray coating; vat dying; or any combination of the above printing
methods. Additionally, the CLC can be applied to a transfer coating through any number of
printing methods commonly known 1n the art such as mk jet printing or screen printing and
heat transferred to the fabric. The means of application has an impact on the selection of the
type of binders and additives used, and thus the necessity for the screening method to ensure
the efficiency of the luminescent materials as well as the preservation of the fabric hand.

[0095] Additionally, the materials comprising the CLC can be applied to coatings of
polyvinyl acetal resins and/or polyvinyl butyral resins via screen printing or ink jet for use n
transfer printing onto the textile.

[0096] The chromic luminescent composite structures can be used, for example, by
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civilian outdoorsmen (hunting, camping, etc.), military forces, commercial industries, for
camouflage purposes, and with respect to the textiles, additionally, with acceptable sensorial
comfort (“hand”). For example, such chromic luminescent compositions can be used with
textiles for the fashion and cosmetic industries, as well as the decorative markets. Moreover,
the ability to change the visual appearance, that 1s color and brightness, and, 1f desired,
frequency, of a textile such as accent stripes or entire regions of a textile, as the
environmental lighting changes, can have substantial commercial appeal. In addition, such
chromic luminescent compositions can also be used with textiles to provide a camouflage
system for consumer, military or industrial applications.

[0097] The treated materials have the advantage that they will change color as the
ambient brightness changes, for example, when moving from sun mto shade, or outside into
inside. This makes the camouflage much more effective.

[0098] The following non-limiting examples exemplity approaches to make ink
formulations wherein both color and brightness are achieved by a combination of an emissive
component emanating from emissive colorants and a reflective component emanating from
absorptive components, which when printed on textile fabric achieve both acceptable
dynamic effect and fabric “hand.” The fabric “hand” evaluation data presented below was
determined by running the fabric through the fingers. The dynamic effect was measured using
the CIE system
Example S. Printed Fabrics made using Mixed Color Formulation 1

Materials and Methods

[0099] Solutions of the following dyes were prepared by premixing cach dye with
PLURONIC 10R5 to help with solubility and dissolving to 1% dye solution in water: C.1.
Acid Blue 93 (absorptive colorant), C.I. Acid Yellow 7 (emissive colorant), TERASIL
FLAVINE Yellow 10GFF (emissive colorant), and Fluorescent Blue G (emissive colorant
from ARJO). The solutions of the premixed dyes were added to a fixed amount of NEOCRY
A-622 binder resulting 1 a binder to emissive colorant ratio of 4.8:1 and subsequently
blended together. CELLOSIZE ER-4400, a hydroxyethyl cellulose thickener, was added to
obtain a thickness appropriate to screen print the formulation. The resultant formulation
included the following are shown below.

[0100] The combined solution was mixed for 90 minutes to fully dissolve the
CELLOSIZE ER-4400 and to produce the dye. The dye, called formulation 1, was then

printed on a nylon/cotton blended fabric as a solid square printed patch using screen printing.

22



CA 02956799 2017-01-30

WO 2016/019100 PCT/US2015/042817

The printed fabric was dried in a high temperature oven at 180°C for ten minutes to set the

dye and binder.
Ingredients:
NeoCryl A-622 2.0 grams
1% solution of C.I. Acid Blue 93 5.12 grams
1% solution of C.I. Acid Yellow 7 19.2 grams
1% solution of TERASIL Flavine 12.81 grams
Yecllow 10GFF
1% solution of Fluorescent Blue G 5.12 grams
CELLOSIZE ER-4400 0.903 grams

[0101] The printed fabric was measured for tactile feel and softness by running the
fabric through the fingers, as well as for color using a Greytag MacBeth Spectrolino
spectrometer under both daylight conditions having a color temperature of 6504K (Dgs) and
under horizon lighting having a color temperature of 5003K (Dsg) to document the effect of
the changing light spectrum on the color of the fabric.

Results

[0102] Referring to FIG. 1, when moving from daylight to shade, a color shift from
greenet to redder 18 observed along the x-axis, while another lesser change 1 color shift from
yellower to bluer 1n the y-axis. These results show the direction and magnitude of the color
changes when moving from daylight to shade. The results showed a significant change 1n
color going from a bright yellow-green color to a medium green color. Referring to the data
below for formulation 1, the color expression shifted more than 5 pomts a* (CIELab) towards
red and the luminosity (L*) value changed over 1.3 points lighter.

Table 4: Formulation 1 Analysis

Formulation L* a¥ b* dE*
1 D5 64.29 -30.81 52.97
(daylight)
D5 65.65 -25.67 52.28
(horizon)
Delta 1.36 5.14 -0.69 5.36

[0103] Collectively, the results from the tactile feel and the Greytag MacBeth
Spectrolino spectrometer confirmed the manufacture of an ink formulation that when printed

on a fabric, produced a printed fabric that responded to ambient lighting environments, while
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still possessing a tactile feel and softness of hand that were indistinguishable from the
unprinted fabric.
Example 6. Printed Fabrics made using Formulation 2

Materials and Methods

[0104] 1% solutions of the following dyes were prepared in the same manner as
described in Example 1: C.1. Acid Blue 93 (absorptive colorant), C.I. Acid Yellow 7
(emissive colorant), C.I. Acid Red 131 (emissive colorant), Synthrowite NWV (emissive
colorant obtained from Organic Dyestufts Corporation), and Fluorescent Blue G (emissive
colorant obtained from ARJO). The solutions of the dyes were added to NEOCRYL A-622 as
in Example 6 to achieve a binder to emissive colorant ratio of 4.3:1. CELLOSIZE ER-4400
was added to achieve a viscosity suitable for screen printing. The resultant formulation

included the following:

Ingredients:

NeoCryl A-622 0.86 grams
1% solution of C.I. Acid Blue 93 0.524 grams
1% solution of C.I. Acid Yellow 7 10.48 grams
1% solution of C.I. Acid Red 131 3.94 grams
1% solution of Synthrowite NWV 3.94 grams
1% solution of Fluorescent Blue G 1.32 grams
CELLOSIZE ER-4400 0.903 grams

[0105] The combined solution was mixed as described above to achieve a dye, called
formulation 2. The dye was printed on a nylon/cotton blend fabric using a 120-mesh screen
and dried as described above.

[0106] The finished printed fabric was measured for tactile feel and softness, as well
as for color as described above. The tactile feel and softness of hand of the printed fabric
were indistinguishable from that of the unprinted fabric. Referring to FIG. 2, a color shift
from greener to redder was observed along the x-axis, while another lesser change 1 color
shift was observed along the y-axis from yellower to bluer. These changes illustrated the
direction and magnitude of the visual color change when moving from daylight to shade.
Referring to the data below for formulation 2, the results demonstrate a significant color
change 1n the CIELab a* axis of 3.74 points towards the red under the horizon lighting (Dso)
with little change 1n the L* value and a slight shift yellow (less than 0.7 points). Visually the
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sample changed from a neutral beige color under the Horizon (Dsg) light to a yellowish green
color under daylight (D¢s) conditions.

Table 5: Analysis of Formulation 2

Formulation L* a* b* dE*
2 D6S (daylight) | 53.5 3.03 30.32

DSO0 (horizon) | 33.76 6.77 30.97

Delta 0.26 3.74 0.65 3.80

[0107] Taken together, the results from the tactile feel and softness, as well as the
color experiments confirmed the manufacture of an ink formulation that when printed on a
fabric, produced a printed fabric that responded to ambient lighting environments, while still
possessing a tactile feel and softness of hand that were indistinguishable from the unprinted
fabric.
Example 7. Printed Fabrics made using Formulation 3

Materials and Methods

[0108] 1% solutions of the following dyes were prepared 1in the same manner as
described above: C.I. Acid Blue 93 (absorptive colorant), C.I. Acid Yellow 7 (emissive
colorant), and C.I. Acid Red 131 (emissive colorant). The solutions of the dyes were added to
SOLUCOTE 1050 and the resultant formulation was prepared following the approach m
Example 1 to achieve a binder to emissive colorant ratio of 3.9:1. CELLOSIZE ER-4400 was

added to achieve a viscosity suitable for screen printing. The final formulation was as

follows:

Ingredients:
SOLUCOTE 1050 2.0 grams
1% solution of C.I. Acid Blue 93 9.6 grams
1% solution of C.I. Yellow 7 38.4 grams
1% solution of C.I. Acid Red 131 2.88 grams
CELLOSIZE ER-4400 1.08 grams

[0109] SOLUCOTE 1050 1s a solvent borne polyurcthane sold by DSM.

[0110] The formulation was mixed as described above to achieve a formulation called
formulation 3. The dye was printed on a nylon/cotton blend fabric using screen printing with
a 120-mesh screen. The printed fabric was dried.

[0111] The finished printed fabric was measured for tactile feel and softness, as well

as for color 1n the same manner as outlined above. The tactile feel and softness of hand of the
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printed fabric were imdistinguishable from that of the unprinted fabric. Referring to FIG. 3, a
color shift from greener to redder was observed along the x-axis with an insignificant change
in the color shift along the y-axis, illustrating the direction and magnitude of the visual color
change when moving from daylight to shade. Visually, the sample demonstrated a medium
tan color under horizon (Dsg) highting and was green under daylight (Des) lighting. Referring
to the 1llustration below for formulation 3, the color shift was over 4.6 points 1n the a* value
and almost -0.7 points 1n the b* value from daylight to horizon lighting with httle change in
the L* value.

[0112] Taken together, the results from the tactile feel and softness, as well as the
color experiments, confirmed the manufacture of an ik formulation that when printed on a
fabric, produced a printed fabric that responded to ambient lighting environments, while still
possessing a tactile feel and softness of hand that were indistinguishable from the unprinted
fabric.

Table 6: Analysis of Formulation 3

Formulation L* a~* b* dE*
3 D6S (daylight) | 58.15 | 3.91 | 28.46

DS0 horizon) | 58.45 | 8.57 | 27.78

Delta 0.3 466 | -0.68 |4.72

Example 8. Printed Fabrics made using Formulation 4

Materials and Methods

[0113] 1% solutions of the following dyes were prepared 1n the same manner as
described above: C.I. Acid Blue 93 (static or absorptive colorant), C.I. Acid Yellow 7
(emissive colorant), and TERASIL Flavine Yellow 10GFF (emissive colorant) C.I. Acid
Violet 48 (emissive colorant) and C.I. Acid Red 131 (emissive colorant). The solutions of the
dyes were added to NeoRez 1017 to give a binder to emissive colorant ratio of 7:1 and
CELLOSIZE ER-4400 was added to achieve a viscosity suitable for screen printing. The final

formulation included the following:

Ingredients:
NeoRez 1017 2.0 grams
1% solution of C.I. Acid Blue 93 3.8 grams
1% solution of C.I. Acid Yellow 7 3.9 grams
1% solution of TERASIL Flavine Yellow 11. 4 grams
10GFF
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1% solution of C.I. Acid Red 131 1.55 grams
1% solution of C.I. Acid Violet 48 7.6 grams
CELLOSIZE ER-4400 0.615¢g

[0114] NeoRez 1017 1s a water born polyurethane sold by DSM.

[0115] The formulation was mixed as described above to achieve formulation 4. The
dye was printed on a nylon/cotton blend fabric using screen printing and a 120-mesh screen.
The printed fabric was dried.

[0116] The finished printed fabric was measured for tactile feel and softness, as well

as for color 1n the same manner as outlined above.

Results

[0117] The tactile feel and softness of hand of the printed fabric were
indistinguishable from that of the unprinted fabric. Referring to FIG. 4, a color shift from
oreener to redder was observed along the x-axis, while a modest change 1 the color shift was
observed along the y-axis from yellower to bluer. These color changes illustrated the
direction and magnitude of the visual color change when moving from daylight to shade.
Visually, the sample was olive green under daylight and medium brown under horizon
lighting. Referring to the illustration below for formulation 4, the measured color shift was
almost 4.5 pomts in the a* axis; becoming redder, while the L* and b* values were virtually
unchanged.

Table 7. Analysis of Formulation 4

Formulation L* a* b* dE*
4 D65 (daylight) | 50.06 | -1.34 | 27.58

DSO0 (horizon) | 50.35 | 3.15 | 27.69

Delta 029 (449 |0.11 |4.50

[0118] Taken together, the results from the tactile feel and softness, as well as the
color experiments confirmed the manufacture of an ik formulation that when printed on a
fabric, produced a printed fabric that responded to ambient lighting environments, while still
possessing a tactile feel and softness of hand that were indistinguishable from the unprinted
fabric.

Example 9. Printed Fabrics made using Formulation 35

Materials and Methods

[0119] 1% solutions of the following dyes were prepared in the same manner

described above: C.I. Acid Blue 93 (absorptive colorant), C.I. Acid Yellow 7 (emissive
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colorant), C.I. Acid Violet 48 (emissive colorant) and C.I. Acid Red 131 (emissive colorant).
The solutions of the dyes were added to SOLUCOTE 1050 as presented above to achieve a
binder to binder emissive colorant ratio of 5:1. CELLOSIZE ER-4400 was added to achieve a

viscosity suitable for screen printing. The final formulation included the following:

Ingredients:
SOLUCOTE 1050 2.0 grams
1% solution of C.I. Acid Blue 93 4.8 grams
1% solution of C.I. Acid Yellow 7 24 grams
1% solution of C.I. Acid Red 131 1.94 grams
1% solution of C.I. Acid Violet 48 9.6 grams
CELLOSIZE ER-4400 0.864 grams

[0120] The formulation was mixed as described above to achieve formulation 5. The
dye was printed on a nylon/cotton blend fabric using screen printing and 120-mesh screen.
The printed fabric was dried as described above.

[0121] The finished printed fabric was measured for tactile feel and softness, as well
as for color in the same manner as outlined above.

Results

[0122] The tactile feel and softness of hand of the printed fabric were
indistinguishable from that of the unprinted fabric. Referring to FIG. 5, a color shift from
oreener to redder was observed along the x-axis with an equally as large change 1n the color
shift along the y-axis from yellower to bluer. These color shifts 1llustrated the direction and
magnitude of the visual color change when moving from daylight to shade. Visually, the
sample was olive green 1n daylight and reddish brown under horizon lighting. Referring to
the 1llustration below for formulation 5, the measured color change was 4.5 points on the a*
axis and almost -1.6 on the b* axis with a slight lightening of the color under daylight
conditions.

Table 8. Analysis of Formulation S

Formulation L* a* b* dE*
5 D65 (daylight) 5192 | 1.39 | 17.03

D30 (Horizon) 51.39 1591 | 15.44

Delta -0.53 (4.52 | -1.59 | 4.82

[0123] Taken together, the results from the tactile feel and softness, as well as the
color experiments, confirmed the manufacture of an ink formulation that when printed on a

fabric, produced a printed fabric that responded to ambient lighting environments, while still
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possessing a tactile feel and softness of hand that were indistinguishable from the unprinted

fabric.

Example 10. Printed Fabrics made using Formulation 6

Materials and Methods

[0124] 1% solutions of the following dyes were prepared 1in the same manner as
outlined above: C.1. Acid Blue 93 (absorptive colorant), C.I. Acid Yellow 7 (emissive
colorant), and TERASIL Flavine Yellow 10GFF (emissive colorant) (sold by Ciba Specialty
Chemuicals), C.I. Acid Violet 48 (emissive colorant) and C.I. Acid Red 131 (emissive
colorant). The solutions of the dyes were added to NeoCryl A-622 as described above to
achieve a ratio of binder to emissive colorant of 6.6. CELLOSIZE ER-4400 was added to
achieve a viscosity suitable for screen printing. The final formulation 1s as shown below. The
formulation was mixed as discussed above to achieve formulation 6. The dye was printed on
a nylon/cotton blend fabric using screen printing and a 120-mesh screen. The printed fabric

was dried following the approach described above.

Ingredients:
NeoCryl A-622 2.0 grams
1% solution of C.I. Acid Blue 93 3.8 grams
1% solution of C.I. Acid Yellow 7 3.9 grams
1% solution of C.I. Terasil Yellow 10GFF 11.4 grams
1% solution of C.I. Acid Red 131 1.55 grams
1% solution of C.I. Acid Violet 48 9.6 grams
CELLOSIZE ER-4400 0.57 grams

[0125] The finished printed fabric was measured for tactile feel and softness, as well
as for color 1 the same manner as outlined above.

Results

[0126] The tactile feel and softness of hand of the printed fabric were
indistinguishable from that of the unprinted fabric. Referring to FIG. 6, a color shift from
redder to greener was observed along the x-axis with small change 1n the color shift along the
y-axis from yellower to bluer. These color shifts 1llustrated the direction and magnitude of the
visual color change when moving from daylight to shade. Visually, the sample was observed
to be a medium green under daylight conditions and a dull forest green color under horizon

lighting. Referring to the 1llustration below for formulation 6, the color change was over 4
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points on the a* axis and almost -3 points on the b* axis, with almost no change in the L*
value.

Table 9. Analysis of Formulation 6

Formulation L* a~* b* dE*
6 D6S (daylight) 49.11 | -18.47 | 23.58

DS0 (Horizon) 49.01 | -14.4 | 20.65

Delta -0.1 | 4.07 -2.93 5.02

[0127] Taken together, the results from the tactile feel and softness, as well as the
color experiments confirmed the manufacture of an ink formulation that when printed on a
fabric, produced a printed fabric that responded to ambient lighting environments, while still
possessing a tactile feel and softness of hand that were indistinguishable from the unprinted
fabric.

The mvention includes at least the following embodiments.

[0128] Embodimment 1. A textile, fabric or other flexible material having applied
thereto a chromic luminescent composition , comprising at least one non-luminescent
material, at least one luminescent material and at least one binder, wherein the chromic
luminescent composition modulates color, brightness and/or frequency through absorption
and emission as a function of incident electromagnetic radiation, and wherein the material has
a hand comparable to the material not including the chromic luminescent composition.

[0129] Embodiment 2. The material of embodiment 1, wherein the absorption
spectrum of at least one of the luminescent materials at least partially overlaps with the
emission spectrum of at least one of the luminescent materials.

[0130] Embodiment 3. The material of embodiment 1 or 2, wherein the absorption
spectrum of at least one of the non-luminescent materials further partially overlaps with the
emission spectrum of at least one of the luminescent materials.

[0131] Embodiment 4. The material of any of embodiment 1 to 3, wherein the
luminescent material 1s selected from the group consisting of C.1. Acid Yellow 7, TERASIL
Flavine 10GFF, Fluorescent Blue G, C.I. Acid Red 131, Synthrowite NWV, C.I. Acid Violet
4, fluorescemn 1sothiocyanate (FITC), 5,6-carboxymethyl fluorescein, Texas red, coumarin,
rhodamine, amino-methyl coumarin (AMCA), Eosin, Erythrosin, Cascade Blue, Oregon
Green, lissamine, xanthenes, acridines, oxazines, phycoerythrin, Acid Fuchsin, Alizarin Red,
Allophycocyanin, Aminocoumarin, Astrazon Brilliant Red 4G, Astrazon Orange R, Astrazon
Red 6B, Astrazon Yellow 7 GLL, Auramine, Aurophosphine, Brilliant Sulphoflavin FF,
Calcien Blue, Calcium Green, Calcofluor RW Solution, Cascade Yellow, CY3.1 8, CY5.1 &,
CY'7, Diphenyl Brilhant Flavine 7GFF, Erythrosin ITC, Euchrysin, Flazo Orange,
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Fluorescamine, Fura-2, Genacryl Brilliant Red B, Genacryl Brilliant Yellow 10GF, Genacryl
Pk 3G, Genacryl Yellow 5GF, Leucophor PAF, Leucophor SF, Leucophor WS, Lissamine
Rhodamine B200 (RD200), Lucifer Yellow CH, Lucifer Yellow VS, Magdala Red, Marina
Blue, Maxilon Brilhiant Flavin 10 GFF, Maxilon Brilliant Flavin 8 GFF, MPS (Methyl Green
Pyronine Stilbene), Nuclear Fast Red, Nuclear Yellow, Nylosan Brilliant Flavin E8G, Pacific
Blue, Pararosaniline (Feulgen), Phorwite AR Solution, Phorwite BKL, Phorwite Rev,
Phthalocyanine, Phycoerythrin R, Polyazaindacene Pontochrome Blue Black, Porphyrin,
Procion Yellow, Pyronine, Pyronine B, Pyrozal Brilliant Flavin 7GF, Rhodamine 123,
Rhodamine 5 GLD, Rhodamine 6 G, Rhodamine B, Rhodamine B 200, Rhodamine B Extra,
Rhodamine BB, Rhodamine BG, Rhodamine WT, Sevron Brilliant Red 2B, Sevron Brilliant
Red 4G, Sevron Brilliant Red B, Sevron Orange, Sevron Yellow L, sulpho Rhodamine B,
Sulpho Rhodamine G Extra, Thiazine Red R, Thioflavin S, Thioflavin TCN, Thioflavin
5Thiozol Orange, and Xylene Orange.

[0132] Embodiment 5. The material of any of embodiments 1 to 4, wherein the
luminescent material 18 selected from the group consisting of C.I. Acid Yellow 7, TERASIL
Flavine 10GFF, Fluorescent Blue G, C.I. Acid Red 131, Synthrowite NWV, and C.I. Acid
Violet 48.

[0133] Embodiment 6. The material of any of embodiments 1 to 5, wherein the non-
luminescent material 1s selected from the group consisting of an organic non-fluorescent
material and an 1mnorganic non-fluorescent material.

[0134] Embodiment 7. The material of any of embodiments 1 to 6, wherein the non-
luminescent material 1s selected from the group consisting of acid dyes, basic dyes, direct
dyes, disperse dyes.

[0135] Embodiment 8. The material of any of embodiments 1 to 7, wherein the non-
luminescent material 1s selected from the group consisting of # 405 Deep Purple, #411 Deep
magenta, # 424 true turquoise, #602 Bright yellow, # 617 Cherry Red, #623 brilliant Blue,
C.I. Acid Blue 45, C.I. Acid Red 138, Acid Black 172, C.I. Acid Red 74, C.1. Basic yellow
28, C.I. Basic blue 8, C.I. Basic Red 9, C.1. Basic Green 4, C.I. Direct Red 80, Mordant
Yecllow 3, Mordant Red 26, Mordant Orange 6, C.1. Direct Blue 67, C.1. Direct Orange 72,
C.I. direct Red 83, #D118 Bright Yellow, # D360 Bright Red, #D459 Bright Blue, #D885
Lilac, C.I. Disperse yellow 3, C.1. Disperse Red 7, C.1. Disperse Blue 7,C.1. Disperse Red
60,C.1. Disperse Red 91, C.1. Disperse Blue 165, C.1. Reactive Yellow 86, C.1. Reactive
Orange 4, C.I. Reactive Red 11, C.I. Reactive Red 195, C.1. Reactive Violet 14, and C.1.
Reactive Blue 163.
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[0136] Embodiment 9. The material of any of embodiments 1 to &, further
comprising one or more additives selected from the group consisting of polymers,
dispersants, binders, thickeners, defoamers, and combinations thereof.

[0137] Embodiment 10. The material of any of embodiments 1 to 9, comprising a
binder, wherein the ratio of binder to luminescent material 1s 1n a range between 3.8:1 and
10:1.

[0138] Embodiment 11. The material of embodiment 1 wherein the chromic
luminescent composition is selected from the group consisting of

[0139] Aqueous acrylic binder, 1% C.1. Acid Blue 93, 1% C.1. Acid Yellow 7, 1%
Terasil Flavine Yellow 10GFF, 1% Fluorescent Blue G, hydroxyethyl cellulose;

[0140] Aqueous acrylic binder, 1% C.I. Acid Blue 93, 1% C.I. Acid Yellow 7, 1%
C.I. Acid Red 131, 1% Synthrowite NWV, 1% Fluorescent Blue G, and hydroxyethyl
cellulose;

[0141] Aqueous polyether polyurethane binder, 1% C.1. Acid Blue 93, 1% C.I. Acid
Yellow 7, 1% C.I. Acid Red 131, and hydroxyethyl cellulose;

[0142] Aqueous polyurethane binder, 1% C.I. Acid Blue 93, 1% C.I. Acid Yellow 7,
1% Terasil Flavine Yellow 10GFF, 1% C.I. Acid Red 131, 1% C.1. Acid Violet 48, and
hydroxyethyl cellulose;

[0143] Aqueous polyester polyurethane binder, 1% C.I. Acid Blue 93, 1% C.1. Acid
Yellow 7, 1% C.I. Acid Red 131, 1% Acid Violet 48, and hydroxyethyl cellulose; and

[0144] Aqueous acrylic binder, 1% C.I. Acid Blue 93, 1% C.I. Acid Yellow 7, 1%
Terasil Yellow 10GFF, 1% C.I. Acid Red 131, 1% C.I. Acid Violet 48, and hydroxyethyl
cellulose

[0145] Embodiment 12. The material of any of embodiments 1 to 11, further
comprising a thickener.

[0146] Embodiment 12a. The material of embodiment 12, wherein the thickener
comprises hydroxyethyl cellulose.

[0147] Embodiment 13. The material of any of embodiments 1 to 12a, wherein the
luminescent material and non-luminescent materials are present 1 a weight ratio to the binder
of between 3.8:1 and 10:1, preferably between 4.8 to 1.

[0148] Embodiment 14. The material of any of embodiments 1 to 13, wherein the
ratio of the non-luminescent to luminescent materials 1 the chromic luminescent

composition 1s 2:90% to 20:80% by weight.
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[0149] Embodiment 15. The material of any of embodiments 1 to 14, wherein the
chromic luminescent composition 1s applied to a material selected from the group consisting
of clothing, tents, weapon and vehicle covers, netting, parachutes, and other fabrics, textiles,
and coverings.

[0150] Embodiment 16. A chromic luminescent composition, comprising at least one
non-luminescent material, at least one luminescent material and at least one binder, wherein
the chromic lumiescent composition modulates color, brightness and/or frequency through
absorption and emission as a function of incident electromagnetic radiation, wherein the
chromic luminescent composition applied to a textile does not significantly alter the hand of
the textile, and wherein the ratio of binder to luminescent material 1s 3.8:1 to 10:1.

[0151] Embodiment 17. The chromic luminescent composition of embodiment 16,
wherein the absorption spectrum of at least one of the luminescent materials at least partially
overlaps with the emission spectrum of at least one of the luminescent materials.

[0152] Embodiment 18. The chromic luminescent composition of embodiment 16 or
17, wheremn the absorption spectrum of at least one of the non-luminescent materials further
partially overlaps with the emission spectrum of at least one of the luminescent materials.

[0153] Embodiment 19. The chromic luminescent composition of any of
embodiments 16 to 18, formulated for application to a textile material.

[0154] Embodiment 20. A method for making the material of any of embodiments 1
to 15, comprising applying a solution or suspension of the chromic luminescent composition
of any of embodiments 16 to 18 to a material selected from the group consisting of clothing,
tents, weapon and vehicle covers, netting, parachutes, and other fabrics, textiles, and
coverings, and removing the solvent.

[0155] Embodiment 21. The method of embodiment 20, comprising applying the
chromic luminescent composition to a textile material formed of a natural fiber such as
cotton, linen, cellulose, hemp and jute, silk, or wool, synthetic fibers of polymers such as
polyesters, polyethylenes, acrylics, nylons, polypropylenes, poly(ethylene terephthalate)s,
blends of acrylic fibers, elastic polymers, and blends, composites, and laminates thereof.

[0156] Embodiment 22. The method of embodiment 20 or 21, wherein applying the
chromic luminescent composition or binder 18 by a spraying, saturation, print, or foam
method.

[0157] Embodiment 23. The method of any of embodiments 20 to 22, wherein

applymg the chromic luminescent composition or binder 1s by screen printing, either by flat
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screen or by rotary screen; ik jet printing; saturation coating; spray coating; vat dymng; or
any combination thereof.

[0158] Modifications and variations of the invention will be obvious to those skilled
in the art from the foregoing detailed description and are mtended to come within the scope
of the appended claims. All cited patents, patent applications, and other references are
incorporated herein by reference 1n their entirety, including priority application, U.S.
application number 14/448,277, filed July 31, 2014. However, if a term 1n the present
application contradicts or conflicts with a term in the incorporated reference, the term from

the present application takes precedence over the conflicting term from the incorporated

reference.
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What 1s claimed 1s:
1. A textile, fabric or other flexible material having applied thereto a chromic luminescent
composition, comprising at least one non-luminescent material, at least one luminescent material
and at least one binder, wherein the chromic luminescent composition modulates color,
brightness and/or frequency through absorption and emission as a function of incident
clectromagnetic radiation, and

wherein the material has a hand comparable to the material not including the chromic
luminescent composition.
2. The material of claim 1, wherein the absorption spectrum of at least one of the luminescent
materials at least partially overlaps with the emission spectrum of at least one of the luminescent
materials.
3. The material of claim 1, wherein the absorption spectrum of at least one of the non-
luminescent materials further partially overlaps with the emission spectrum of at least one of the
l[uminescent materials.
4. The material of claim 1, wherein the luminescent material 1s selected from the group
consisting of C.I. Acid Yellow 7, TERASIL Flavine 10GFF, Fluorescent Blue G, C.I. Acid Red
131, Synthrowite NWV, C.1I. Acid Violet 4, fluorescein 1sothiocyanate (FITC), 5,6-
carboxymethyl fluorescein, Texas red, coumarin, rhodamine, amino-methyl coumar (AMCA),
Eosin, Erythrosin, Cascade Blue, Oregon Green, lissamine, xanthenes, acridines, oxazings,
phycoerythrin, Acid Fuchsin, Alizarin Red, Allophycocyanin, Amimmocoumarin, Astrazon
Brilliant Red 4G, Astrazon Orange R, Astrazon Red 6B, Astrazon Yellow 7 GLL, Auramine,
Aurophosphine, Brilliant Sulphoflavin FF, Calcien Blue, Calcium Green, Calcofluor RW
Solution, Cascade Yellow, CY3.1 8, CYS5.1 8, CY7, Diphenyl Brilliant Flavine 7GFF, Erythrosin
ITC, Euchrysin, Flazo Orange, Fluorescamine, Fura-2, Genacryl Brilliant Red B, Genacryl
Brilliant Yellow 10GF, Genacryl Pink 3G, Genacryl Yellow SGF, Leucophor PAF, Leucophor
SF, Leucophor WS, Lissamine Rhodamine B200 (RD200), Lucifer Yellow CH, Lucifer Yellow
VS, Magdala Red, Marina Blue, Maxilon Brilhiant Flavin 10 GFF, Maxilon Brilliant Flavin &
GFF, MPS (Mecthyl Green Pyronine Stilbene), Nuclear Fast Red, Nuclear Yellow, Nylosan
Brilliant Flavin E®G, Pacific Blue, Pararosaniline (Feulgen), Phorwite AR Solution, Phorwite
BKL, Phorwite Rev, Phthalocyanine, Phycoerythrin R, Polyazaindacene Pontochrome Blue
Black, Porphyrin, Procion Yellow, Pyronine, Pyronine B, Pyrozal Brilliant Flavin 7GF,
Rhodamine 123, Rhodamine 5 GLD, Rhodamine 6 G, Rhodamine B, Rhodamine B 200,
Rhodamine B Extra, Rhodamine BB, Rhodamine BG, Rhodamine WT, Sevron Brilliant Red 2B,
Sevron Brilliant Red 4G, Sevron Brilliant Red B, Sevron Orange, Sevron Yellow L, sulpho
Rhodamine B, Sulpho Rhodamine G Extra, Thiazine Red R, Thioflavin S, Thioflavin TCN,
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Thioflavin 5Thiozol Orange, and Xylene Orange.

5. The material of claim 4, wherein the luminescent material 1s selected from the group
consisting of C.I. Acid Yellow 7, TERASIL Flavine 10GFF, Fluorescent Blue G, C.1I. Acid Red
131, Synthrowite NWV, and C.I. Acid Violet 48.

6. The material of claim 1, wherein the non-luminescent material 1s selected from the group
consisting of an organic non-fluorescent material and an 1norganic non-fluorescent material.

7. The material of claim 1 wherein the non-luminescent material 1s selected from the group
consisting of acid dyes, basic dyes, direct dyes, disperse dyes.

8. The material of claim 6, wherein the non-luminescent material 1s selected from the group
consisting of # 405 Deep Purple, #411 Deep magenta, # 424 true turquoise, #602 Bright yellow,
# 617 Cherry Red, #623 brilliant Blue, C.I. Acid Blue 45, C.1. Acid Red 138, Acid Black 172,
C.I. Acid Red 74, C.1. Basic yellow 28, C.1. Basic blue 8, C.I. Basic Red 9, C.1. Basic Green 4,
C.I. Direct Red 80, Mordant Yellow 3, Mordant Red 26, Mordant Orange 6, C.1. Direct Blue 67,
C.I. Direct Orange 72, C.I. direct Red 83, #D118 Bright Yellow, # D360 Bright Red, #D459
Bright Blue, #D885 Lilac, C.I. Disperse yellow 3, C.1. Disperse Red 7, C.1. Disperse Blue 7,C.1.
Disperse Red 60,C.1. Disperse Red 91, C.1. Disperse Blue 165, C.1. Reactive Yellow 86, C.1.
Reactive Orange 4, C.1. Reactive Red 11, C.I. Reactive Red 195, C.1. Reactive Violet 14, and
C.I. Reactive Blue 163.

9. The material of claim 1, further comprising one or more additives selected from the group
consisting of polymers, dispersants, binders, thickeners, defoamers, and combinations thercof.
10. The material of claim 1 comprising a binder, wherein the ratio of binder to luminescent
material 18 1n a range between 3.8:1 and 10:1.

11. The material of claim 1 wherein the chromic luminescent composition 1s selected from the
group consisting of

Aqueous acrylic binder, 1% C.I. Acid Blue 93, 1% C.1. Acid Yellow 7, 1% Terasil
Flavine Yellow 10GFF, 1% Fluorescent Blue G, hydroxyethyl cellulose;

Aqueous acrylic binder, 1% C.1. Acid Blue 93, 1% C.I. Acid Yellow 7, 1% C.1. Acid Red
131, 1% Synthrowite NWV, 1% Fluorescent Blue G, and hydroxyethyl cellulose;

Aqueous polyether polyurethane binder, 1% C.1. Acid Blue 93, 1% C.1. Acid Yellow 7,
1% C.I. Acid Red 131, and hydroxyethyl cellulose;

Aqueous polyurethane binder, 1% C.1. Acid Blue 93, 1% C.1. Acid Yellow 7, 1% Terasil
Flavine Yellow 10GFF, 1% C.I. Acid Red 131, 1% C.I. Acid Violet 48, and hydroxyethyl
cellulose;

Aqueous polyester polyurecthane binder, 1% C.1. Acid Blue 93, 1% C.1. Acid Yellow 7,
1% C.I. Acid Red 131, 1% Acid Violet 48, and hydroxyethyl cellulose; and
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Aqueous acrylic binder, 1% C.I. Acid Blue 93, 1% C.1. Acid Yellow 7, 1% Terasil

Yellow 10GFF, 1% C.1I. Acid Red 131, 1% C.I. Acid Violet 48, and hydroxyethyl cellulose.
12. The material of claim 1 further comprising a thickener such as hydroxyethyl cellulose.
13. The material of claim 1 wherein the luminescent material and non-luminescent materials are
present 1n a weight ratio to the binder of between 3.8:1 and 10:1, preferably between 4.8 to 1.
14. The material of claim 1 wherein the ratio of the non-luminescent to luminescent materials in
the chromic luminescent composition 1s 2:90% to 20:80% by weight.
15. The material of claim 1 wherein the chromic luminescent composition 1s applied to a
material selected from the group consisting of clothing, tents, weapon and vehicle covers,
netting, parachutes, and other fabrics, textiles, and coverings.
16. A chromic luminescent composition, comprising at least one non-luminescent material, at
least one luminescent material and at least one binder, wherein the chromic luminescent
composition modulates color, brightness and/or frequency through absorption and emission as a
function of incident electromagnetic radiation,

wherein the chromic luminescent composition applied to a textile does not significantly
alter the hand of the textile, and

wherein the ratio of binder to luminescent material 1s 3.8:1 to 10:1.
17. The chromic luminescent composition of claim 16, wherein the absorption spectrum of at
lcast one of the luminescent materials at least partially overlaps with the emission spectrum of at
Iecast one of the luminescent materials.
18. The chromic luminescent composition of claim 16, wherein the absorption spectrum of at
lcast one of the non-luminescent materials further partially overlaps with the emission spectrum
of at least one of the luminescent materials.
19. The chromic luminescent composition of claim 16 formulated for application to a textile
material.
20. A method for making the material of claim 1 comprising applying a solution or suspension
of the chromic luminescent composition of claim 16 to a material selected from the group
consisting of clothing, tents, weapon and vehicle covers, netting, parachutes, and other fabrics,
textiles, and coverings, and removing the solvent.
21. The method of claim 20 comprising applying the chromic luminescent composition to a
textile material formed of a natural fiber such as cotton, linen, cellulose, hemp and jute, silk, or
wool, synthetic fibers of polymers such as polyesters, polyethylenes, acrylics, nylons,
polypropylenes, poly(ethylene terephthalate)s, blends of acrylic fibers, elastic polymers, and
blends, composites, and laminates thercof.

22. The method of claim 20 wherein applying the chromic luminescent composition or binder 18
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by a spraying, saturation, print, or foam method.

23. The method of claim 22 wherein applying the chromic luminescent composition or binder 18

by screen printing, either by flat screen or by rotary screen; ink jet printing; saturation coating;

spray coating; vat dying; or any combination thercof.
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