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(57) ABSTRACT

The invention relates to an acrylic light diffusing material
providing spectral uniformity over the visible light range
(400 to 800 nm). The light diffusing material provides a
uniform light transmission for light engines containing two
or more light sources with different spectral emission peaks.
Due to its high hiding performance, the light diffusing
material of the invention is especially useful with LED point
sources. The diffusing material contains a transparent poly-
mer matrix, such as acrylic polymers from Arkema, and one
or more types of diffusing materials, providing an optimal
balance of spectral uniformity, light transmission, diffusion,
and hiding performance.

Light Transmission vs wavelength for acrylic resins containing silicone diffusion beads
(Particle D) and acrylic styrenic diffusion beads (Particle B)
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Figure 1: Light Transmission vs wavelength for acrylic resins containing silicone diffusion beads
(Particle D) and acrylic styrenic diffusion beads (Particle B}

Figure 2: Hiding Performance vs wavelength for acrylic resins containing silicone diffusion beads
{Particle D) and acrylic styrenic diffusion beads (Particle B)
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Figure 3: Light Transmission vs wavelength for acrylic resins containing silicone diffusion beads
(Particle D) and Styrene Acrylic diffusion beads (Particle A)

Figure 4: Hiding Performance vs wavelength for acrylic resins containing silicone diffusion beads
(Particle D) and acrylic styrenic diffusion beads (Particle A).



US 2023/0023703 Al

HIGH SPECTRAL UNIFORMITY ACRYLIC
LIGHT DIFFUSION MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a 371 filing of International
Application No. PCT/US2020/064976, filed Dec. 15, 2020,
which claims the benefit of U.S. Provisional Application No.
62/951,248 filed Dec. 20, 2019, the disclosures of these
applications being incorporated herein by reference in their
entireties for all purposes.

FIELD OF THE INVENTION

[0002] The invention relates to an acrylic light diffusing
material providing spectral uniformity over the visible light
range, defined herein as from 400 to 800 nm. The light
diffusing material provides a uniform light transmission for
light engines having two or more light sources with different
spectral emission peaks. Due to its high hiding performance,
the light diffusing material of the invention is especially
useful with LED point light sources. The diffusing material
contains a transparent polymer matrix and one or more types
of diffusing materials, providing an optimal balance of
spectral uniformity, light transmission, diffusion, and hiding
performance.

BACKGROUND OF THE INVENTION

[0003] Light transmission and diffusion can be managed
through the use of diffusion particles—both inorganic and
organic in a polymer matrix. For example, U.S. Pat. No.
7,547,736 describes the use of particles having an average
particle size of 15 to 70 microns to provide a frosted look
and textured surface, and U.S. Pat. No. 8,163,827 describes
a high light transmission diffusion screen having inorganic
pigments and refractive index-matched particles.

[0004] Luminous devices consist of a light source and a
cover (also called a lens or a diffuser) made of a plastic
whose function is to mask and protect the light source, while
still ensuring good transmission of the light emitted by the
light source. The plastic may be colored or may have
decorative elements or patterns. The cover also has the
function of scattering the emitted light so that the illumina-
tion is softened and not dazzling. The scattering of the light
emitted by the light source is achieved by dispersing scat-
tering particles of organic or mineral nature in the plastic.
[0005] Light emitting diodes (LEDs) are being increas-
ingly favored as a light source, since they use far less
electricity and produce less heat than standard incandescent
or fluorescent light bulbs. LEDs provide a very bright, point
light source, yet the output often appears harsh and causes
an uncomfortable glare. This is a challenge for lighting
designers, as many applications demand an illumination and
low glare. There is often a desire to hide the light source
shape, creating a more diffuse lighting.

[0006] Replacing a conventional light source with an LED
results in a modification of the illumination. This is because
an LED, especially an LED having a high luminous flux,
exhibits directional illumination, whereas, for example the
illumination of a neon tube is from 0 to 360°. In addition, the
emission spectrum of an LED is completely different from
that of a conventional light source.

[0007] WO 2006/100126 describes a thermoplastic cover
with dispersed beads for use with LEDs to form luminous

Jan. 26, 2023

devices. 3-30% of scattering particles are dispersed in a
transparent plastic. The particles can be inorganic or organic
and have mean diameters of from 0.5 to 100 microns. There
is no description of combinations of particle size and load-
ing, and no teaching of hiding performance.

[0008] The addition of scattering particles helps to soften
the effect of the LED light source, but the scattering also
reduces light transmission. Some LED lighting cover manu-
facturers add pigments, such as BaSO,, to the cover to
increase the hiding performance, though this can dramati-
cally decrease the light transmission.

[0009] The hiding performance of an LED covering is
generally measured by the industry in a qualitative manner.
A quantitative haze measurement is sometimes used as a
surrogate, but it does not adequately correlate to the hiding
performance. Applicant has developed a quantitative hiding
method, as described in US 2015/0267891, incorporated
herein by reference.

[0010] There are currently several commercial acrylic
light diffusion materials, comprising spherical plastic par-
ticles dispersed within an acrylic matrix. Nearly all com-
mercial acrylic/PMMA products contain additives that block
UV light (200-400 nm) in order to increase safety for human
exposure, the intended application of current commercial
acrylic light diffusion materials. Products exist without UVA
blockers, but these products are neither meant for use with
LED light, nor contain diffusing particles, such as PMMA
sheet for tanning beds (U.S. Pat. No. 7,407,998).

[0011] Multiple LEDs are often used to take advantage of
the different wavelength of light, and provide a wide spec-
trum of transmitted light.

[0012] Many diffusion sheets, particularly those contain-
ing organic light diffusion beads, demonstrate poor spectral
uniformity. They typically exhibit a sharp drop off in trans-
mission efficiency for wavelengths of light in the near-UV
range (380-420 nm). Thus with typical diffusers, there is a
significant loss of transmission for a lighting device having
a light source in this lower range.

[0013] This is problematic for applications like Violet
LED disinfection, which uses 405 nm light to disinfect
surfaces. In this case, a diffusion resin with reduced % LT at
405 nm would reduce the efficiency of 405 nm LEDs.

[0014] U.S. Pat. No. 9,333,274 seeks to reduce the reflec-
tance or transmissive properties to less than a 30% loss of
energy in the 380 to 420 nm wavelength range.

[0015] There is a need for a diffusion material that can
provide a high spectral uniformity for several different point
light sources of different wavelengths, while also providing
high light transmission, high diffusion and good hiding
performance.

[0016] Surprisingly it has now been found that a 0.080"
thick, diffusion cover having a transparent polymer matrix
and 0.1 to 40 weight percent of diffusing particles, can be
formed to provide a light transmission of greater than 40
percent and preferably greater than 60 percent at each of 400
nm, 500 nm, 600 nm, 700 nm and 800 nm, with less than a
6 percent absolute difference in light transmission between
the 400 nm and 800 nm transmissions, while still providing
a hiding performance of at least 65 percent at 400 nm, and
preferably at each of these wavelengths.

[0017] Ideally the transmission at each of 400, 500, 600,
700, and 800 is at least 90%.
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[0018] This material is useful for multi-spectral luminaire,
which contain two or more light engines with multiple
spectral emission peaks.

SUMMARY OF THE INVENTION

[0019] Within this specification, embodiments have been
described in a way which enables a clear and concise
specification to be written, but it is intended and will be
appreciated that embodiments may be variously combined
or separated without parting from the invention. For
example, it will be appreciated that all preferred features
described herein are applicable to all aspects of the invention
described herein.

[0020] The invention relates to a light diffusing cover
composition for use with two or more point light sources,
wherein said light diffusing cover composition comprises:

[0021] a) a transparent or translucent polymer matrix,

[0022] b) 0.1 to 40 weight percent, preferably from 0.2
to 20, and more preferably from 0.3 to 10 weight
percent of diffusion particles dispersed within said
transparent polymer matrix,

[0023] wherein said light diffusing cover composition
has the following properties when measured on a 0.080
inch (0.203 cm) thick sheet:

[0024] alight transmission of greater than 40 percent,
and preferably greater than 60 percent of light at
each of 400 nm, 500 nm, 600 nm, 700 nm, and 800
nm light wavelengths;

[0025] less than a 6 percent absolute difference
between the light transmission at 400 nm and the
light transmission at 800 nm; and

[0026] a level of diffusion, as measured by hiding
performance, of at least 65 percent at 400 nm, and
preferably at 400 nm, 500 nm, 600 nm, 700 nm, and
800 nm light wavelengths.

[0027] The transparent or translucent polymer matrix in
the light diffusing cover composition may be polymethyl-
methacrylate (PMMA), polycarbonate (PC), polyethylene
terephthalate, glycol modified (PETG), polyvinyl chloride
(PVC), impact modified PVC, polyesters (PET, PBT, APET,
etc.), styrene acrylonitrile (SAN), acrylonitrile-acrylate
copolymer, acrylonitrile-methyl methacrylate copolymer,
methyl methacrylate-styrene copolymer, methacrylate-buta-
diene-styrene terpolymer, acrylonitrile-styrene-acrylate
(ASA) terpolymer, acrylonitrile butadiene styrene (ABS)
terpolymer, polystyrene (PS), high impact polystyrene
(HIPS), polyolefins, impact modified polyolefins, polycy-
clo-hexylethylene, cyclic olefin copolymer (COC), polyvi-
nylidene fluoride (PVdF), PVdF-acrylic copolymers, imi-
dized acrylic polymer, acrylic polymers, impact modified
acrylic polymers, and mixtures thereof.

[0028] The matrix polymer is preferably a (meth)acrylic
polymer, having at least 70 weight percent of methylmeth-
acrylate monomer units.

[0029] The diffusing particles in the light diffusing cover
are inorganic, organic or a mixture thereof, may have a
spherical, near spherical or irregular shape, and have a
refractive index mis-match with the polymer matrix of
+/-0.01 to 0.25, and may have a refractive index that is
lower than the refractive index of the polymer matrix. The
diffusion particles may have a multi-modal particle size
distribution, and are preferably made of silicon resin, silicon
rubber, or a mixture thereof.
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[0030] The light diffusing cover composition may addi-
tionally contain impact modifiers, and may contain one or
more types of UV absorbers. Preferably the composition
contains less than 5 weight percent, less than 3 weight
percent, less than 1 weight percent, and most preferably no
UV absorbers that absorb wavelengths of light above 390
nm, based on the total composition.

[0031] The invention also relates to a lighting device
having two or more point light sources of

[0032] different wavelengths, and the light diffusing cover
made of the light diffusing cover composition described in
any of the aspects above.

[0033] The light diffusing cover may have a thickness of
from 200 micrometers to 10 mm, and preferably has a
roughened (textured) surface.

[0034] The light diffusing cover composition and lighting
device described in the previous aspects, may find use in a
continuous environmental disinfecting luminaire, a multi-
color luminaire, a horticultural lighting luminaire, or an
interior automotive lighting system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 compares the % light transmission versus
wavelength for an acrylic resin containing silicone diffusion
beads (Particle D) and acrylic styrenic diffusion beads
(Particle B).

[0036] FIG. 2 compares the hiding performance versus
wavelength for the above resins and diffusing particles.

[0037] FIG. 3 compares the % light transmission versus
wavelength for acrylic resins containing silicone diffusion
beads (Particle D) and styrene acrylic diffusion beads (Par-
ticle A).

[0038] FIG. 4 is a plot of the hiding performance versus
wavelength for acrylic resins containing silicone diffusion
beads (Particle D) and acrylic styrenic diffusion beads
(Particle A).

DETAILED DESCRIPTION OF THE
INVENTION

[0039] Al references cited herein are incorporated by
reference. Unless otherwise stated, all molecular weights are
weight average molecular weights as determined by Gas
Permeation Chromatography (GPC), and all percentages are
percentage by weight.

[0040] The term “copolymer” as used herein indicates a
polymer composed of two or more different monomer units,
including two comonomers, terpolymers, and polymers hav-
ing 3 or more different monomers. The copolymers may be
random or block, may be heterogeneous or homogeneous,
and may be synthesized by a batch, semi-batch or continu-
ous process.

[0041] As used herein, “Point light source” means any
shaped source of electromagnetic radiation in the 4,000-7,
700 Angstrom range. This includes, but is not limited to,
incandescent, fluorescent, neon, argon and LED light
sources.

[0042] One of skill in the art would understand that the
present application contains a description of exemplary
embodiments only, and is not intended as limiting the
broader aspects of the present disclosure.
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Diffusing Cover

[0043] The diffusing cover of the invention is a transparent
polymer matrix containing one or more types of diffusing
particles. The diffusing cover of the invention provides an
even spectral transmission over the wavelength range of
from 400 to 800 nm. The even spectral transmission may
also effectively extend to lower wavelength light, including
down to 390 nm, 385 nm, and 375 nm. For example, a 405
peak nm LED source is known to produce light emission
down to about 385 nm. Due to the uniform spectral trans-
mission provided, the diffusing cover composition of the
invention is useful for two or more different wavelength
point light sources, and especially when one light source is
in the 375 to 450 nm range, where light transmission for
ordinary diffusing covers generally falls off significantly at
the shorter wavelengths.

Polymer Matrix Composition

[0044] The diffusing cover matrix polymer is a thermo-
plastic or thermosetting polymeric material, having a light
transmission in the range of from 350 to 1000 nm of at least
50%, preferably at least 70%, more preferably at least 80%,
and even more preferably greater than 90%, according to
ASTM D 1003 standard (this is the light transmission of the
polymer with no scattering particle). The matrix may be
transparent or translucent. A translucent glazing can help
with light scattering, and so is preferred. The translucency
can be caused by a physical treatment of the glazing surface,
or by the addition of particles, and in particular of particles
with a mis-match of refractive index of from 0.01 to 0.25,
and more preferably from 0.02 to 0.2, plus or minus.
[0045] Useful polymer matrix materials include, but are
not limited to, polycarbonate (PC), polyethylene terephtha-
late, glycol modified (PETG), polyvinyl chloride (PVC),
impact modified PVC, polyesters (PET, PBT, APET, etc.),
styrene acrylonitrile (SAN), acrylonitrile-acrylate copoly-
mer, acrylonitrile-methyl methacrylate copolymer, methyl
methacrylate-styrene copolymer, methacrylate-butadiene-
styrene terpolymer, acrylonitrile-styrene-acrylate (ASA) ter-
polymer, acrylonitrile butadiene styrene (ABS) terpolymer,
polystyrene (PS), high impact polystyrene (HIPS), polyole-
fins, impact modified polyolefins, polycyclo-hexylethylene,
cyclic olefin copolymer (COC), polyvinylidene fluoride
(PVdF), PVdF-acrylic copolymers, imidized acrylic poly-
mer, acrylic polymers, impact modified acrylic polymers,
etc., or mixtures thereof. Useful thermoset polymer matrices
include, but are not limited to silicones and epoxides.
[0046] Acrylics, polystyrene, styrene acrylonitrile and
polycarbonate are the preferred polymer matrices due to
their ease of processing, and commercial availability. In
addition, these polymers exhibit excellent thermomechani-
cal strength. While the energy efficiency of an LED is much
better than for an incandescent lamp, some of the energy is
nevertheless converted into heat.

[0047] Acrylic polymers, as used herein, are meant to
include polymers, and copolymers having two or more
different monomer units that are formed from alkyl meth-
acrylate and alkyl acrylate monomers, and mixtures thereof.
The alkyl methacrylate monomer is preferably methyl meth-
acrylate, which may make up from greater than 50 to 100
percent of the monomer mixture. 0 to less than 50 percent of
other acrylate and methacrylate monomers or other ethyl-
enically unsaturated monomers, included but not limited to,
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styrene, alpha methyl styrene, acrylonitrile, and crosslinkers
at low levels may also be present in the monomer mixture.
Suitable acrylate and methacrylate comonomers include, but
are not limited to, methyl acrylate, ethyl acrylate and ethyl
methacrylate, butyl acrylate and butyl methacrylate, iso-
octyl methacrylate and iso-octyl acrylate, lauryl acrylate and
lauryl methacrylate, stearyl acrylate and stearyl methacry-
late, isobornyl acrylate and isobornyl methacrylate, methoxy
ethyl acrylate and methoxy methacrylate, 2-ethoxy ethyl
acrylate and 2-ethoxy ethyl methacrylate, and dimethyl-
amino ethyl acrylate and dimethylamino ethyl methacrylate
monomers. (Meth) acrylic acids such as methacrylic acid
and acrylic acid can be useful for the monomer mixture.
Most preferably, the acrylic polymer is a copolymer having
70-99.5 weight percent and more preferably 80 to 99 percent
of methyl methacrylate units and from 0.5 to 30 weight
percent of one or more C, ¢ straight or branched alkyl
acrylate units.

[0048] The acrylic polymer can be an alloy with one or
more compatible polymers. Preferred alloys are PMMA/
polyvinylidene fluoride (PVDF) alloys, and PMMA/poly-
lactic acid (PLA) alloys. The alloy contains 2 to 95 weight
percent, preferably 5 to 90 weight percent, more preferably
20-90, and more preferably 51-90 weight percent of the
PMMA homopolymer or copolymer, and 5 to 98 weight
percent, preferably 10 to 95 weight percent, more preferably
10 to 80 weight, and more preferably 10 to 49 percent of the
compatible polymer.

Diftusing Particles

[0049] The diffusing particles may be organic, inorganic
or a mixture thereof, and may be spherical, near-spherical, or
irregular shaped—or mixtures thereof. Particles formed
from suspension or emulsion synthesis are relatively spheri-
cal. Particles formed from the grinding of cell-cast sheet will
be irregular. In one embodiment particles are formed from
the grinding of cell-cast sheet and have irregular shapes. The
irregular shape can aid in light dispersion. The diffusing
particles maintain their shape and resist deformation under
normal processing conditions of heat and pressure during
incorporation into the polymer matrix and subsequent for-
mation into articles.

[0050] The diffusing particles have an average particle
size generally in the range of 500 nm to 120 micrometers,
and preferably in the range of 1 micrometer to 90 microm-
eters. The most preferred particle size range is from 1.5 to
5 micrometers for a unimodal distribution. The distribution
could also be bimodal or multimodal. One useful bi-modal
distribution includes 1 to 20, and preferably 2 to 15 equiva-
lent loading weight percent of small cross-linked diffusing
particles having a mean particle size of from 1 to 20 microns,
and from 2 to 10 equivalent loading percent by weight of
large cross-linked diffusing particles having a mean particle
size of from 30 to 80 microns. This bimodal distribution
produces a textured surface, in addition to providing good
hiding performance, good transmission and good diffusion.

[0051] The amount of the diffusing particles in the poly-
mer matrix ranges from 0.1 to 40 weight percent, based on
the weight of the total glazing, preferably from 0.2 to 20
percent, and more preferably from 0.2 to 10 percent, and
most preferably from 0.3 to 10, and more preferably from
0.4 to 6 weight percent, based on the total polymer matrix
composition. The level of total diffusing particles can
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depend on the average particle size, and also on the thick-
ness of the glazing. The particles preferably do not absorb
350-400 nm light.

[0052] The particles have a refractive index that is mis-
matched to the matrix, having a refractive index that is 0.01
to 0.25 different from that of the matrix polymer, preferably
from 0.02 to 0.20. While not being bound by any particular
theory, it is believed that diffusion particles with refractive
index lower than the polymer matrix are most preferred for
maximum spectral uniformity of the light transmitted
through a diffusion material. It is believed that diffusion
materials containing diffusion particles with refractive index
lower than the matrix will incur less Fresnel reflection
losses, compared to diffusion materials containing diffusion
particles with refractive index higher than the matrix. While
not being bound by any particular theory, it is believed that
additives or processes that increase the roughness of the
diffusing material surface are preferred for maximum spec-
tral uniformity of the light transmitted through a diffusion
material. Index of refraction can be measured by methods
well known in the art such as in conformance with ASTM D
542. Since different sized particles diffuse light most effi-
ciently at specific wavelengths, in order to provide good
diffusing over the range from 400 nm to 800 nm of light two
or more different average particle size distributions are
preferably used—or else a single average particle size with
a very, very wide distribution of particle. Smaller size
diffusing particle may be better at diffusing shorter wave-
length light, and larger average particle size particles may be
better at diffusing longer wavelength light.

Examples of Useful Particles Include Inorganic Particles
Such as BaSO,, TiO,, CaCO,,

[0053] BaTiO;, fluoropolymer particles such as poly(tet-
rafluoroethylene) (PTFE), poly(chlorotrifluoroethylene)
(PCTFE), poly(vinylidene fluoride) (PVDF), ethylene chlo-
rotrifluoroethylene (ECTFE), and copolymers thereof;
hydrophobic polymers such as polyalkyl oxides; polysty-
rene; silicones including but not limited to silicone rubbers,
oligosiloxane-type cage link structures and silicone resins;
core/shell polymer particles; cross-linked acrylic beads,
preferably made by a suspension process having a compo-
sition of 0-99.99% styrene, 0-99.99% alkyl methacrylate or
alkyl acrylate, or a mixture of both, and 0.01-5% crosslink-
ing agent.

[0054] In one embodiment, cross-linked methyl methacry-
late particles are used. These comprise greater than 50
weight percent, preferably greater than 70 weight percent,
and more preferably greater than 80 weight percent methyl
methacrylate units and 0.5 to 20 percent, preferably 1 to 10
percent, of a monomer possessing at least two C—C double
bonds acting as crosslinking agent. This may for example be
1,4-butanediol di(meth)acrylate, ethylene glycol di(meth)
acrylate, tetraethylene glycol di(meth)acrylate, propylene
glycol di(meth)acrylate, pentaerythritol tetra(meth)acrylate,
allyl methacrylate or divinylbenzene. In another embodi-
ment, acrylic copolymers containing a majority of butyl
acrylate are used.

[0055] In another embodiment, the particles have a core-
shell structure with rubbery alkyl acrylate.

[0056] Polymers in the core and at least one polymer shell,
which is compatible to the polymer matrix. This outer shell
represents only a fraction of the total particle weight. The
rubbery core typically comprises an alkyl acrylate polymer
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having a refractive index that differs by at least 0.02 or more
units from that of the matrix polymer.

[0057] In a preferred embodiment, some or all of the
diffusing particles are silicon—both silicon rubber and sili-
cone resin particles. Silicon particles useful in the invention
may be obtained in several ways, including: A: Hydrolysis
and polycondensation of organotrialkoxysilanes and/or tet-
raalkoxysilanes, these being described by the formulae R'Si
(OR?), and Si(OR?),, where R' is, by way of example, a
substituted or unsubstituted alkyl group, an alkenyl group or
a phenyl group, and the radical R of the hydrolysable alkoxy
group is an alkyl group, such as methyl, ethyl or butyl, or an
alkoxy-substituted hydrocarbon group, e.g. 2-methoxyethyl
or 3-ethoxyethyl. Examples of organotrialkoxysilanes are
methyltrimethoxysilane, methyltriethoxysilane, methyl-n-
propoxysilane, methyltriisopropoxysilane and methyltris(2-
methoxyethoxy)silane. These silane compounds, and pro-
cesses for the production of spherical silicone particles
therefrom, are known to the person skilled in the art and can
be found in the specifications EP 1 116 741, JP 63-077940
and JP 2000-186148. B: Chemical crosslinking of polysi-
loxane chains having inorganic silicone-oxygen backbone
and organic side chains amenable to chemical crosslinking,
such as olefinic groups. For example, U.S. Pat. No. 5,969,
039 demonstrates such a process.

[0058] The silicon-containing diffusing particles may be
used as the sole diffusing particles, or can be combined with
other types of organic and/or inorganic particles. In the
examples that follow, the silicon particles show similar
performance when combined with large organic particles.

Other Additives

[0059] The polymer matrix composition may contain
other additives, including impact modifiers, and other addi-
tives typically present in polymer formulations, including
but not limited to, stabilizers, plasticizers, fillers, coloring
agents, pigments, dyes, antioxidants, antistatic agents, sur-
factants, toner, refractive index matching additives, addi-
tives with specific light diffraction.

[0060] Useful impact modifiers include block copolymers,
graft copolymers, and core/shell impact modifiers. The
impact modifier may be present at a level of from 0 to 80
weight percent, preferably 5 to 60, and more preferably from
10 to 45 weight percent, based on the total layer amount of
matrix polymer and all additives. The level of impact
modifier can be adjusted to meet the toughness needs for the
end use of the composition. Core-shell impact modifiers are
multi-stage, sequentially-produced polymer having a core/
shell particle structure of at least two layers. Preferentially,
the core-shell modifier comprises three layers made of a
hard core layer, one or more intermediate elastomeric layers,
and a hard shell layer.

[0061] Inone embodiment, the impact modifier comprises
a core made of acrylate/polysiloxane copolymer and a shell
made of hard resin. In this case, the core is a material of
flexible rubber type prepared by polymerization of one or
more vinyl monomers in the presence of a polymer of rubber
type obtained from monomers such as alkyl acrylates or
alkyl methacrylates, in which the alkyl group comprises
from 2 to 10 carbon atoms. Products of this type are sold by
Mitsubishi Rayon under the reference Metablen® S-2001.

[0062] According to another embodiment, the impact
modifier is composed of a poly(organosiloxane) core and of
a shell of thermoplastic resin. The organic groups of the
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poly(organosiloxane) cores are preferably alkyl or vinyl
radicals comprising between 1 and 18 carbons, advanta-
geously between 1 and 6 carbons, or aryl radicals or hydro-
carbons which are substituted. The poly(organosiloxane)
comprises one or more of these groups. The siloxanes have
a variable degree of functionalization which defines the
degree of crosslinking of the poly(organosiloxane). Prefer-
ably, the mean degree of functionalization is between 2 and
3, thus forming a partially crosslinked core. The shell is
formed of polymers or copolymers resulting from monomers
such as alkyl acrylates or methacrylates, acrylonitrile, sty-
rene, vinylstyrene, vinyl propionate, maleimide, vinyl chlo-
ride, ethylene, butadiene, isoprene and chloroprene. The
fraction of the core represents between 0.05 and 90% by
weight of the particles, preferably between 60 and 80% by
weight. The size of the particles is between 10 and 400 nm.
Mention may be made, as example of impact modifier of this
type, of the products of the Genioperl® range from Wacker
Silicones.

[0063] In one embodiment, the impact modifier is a high
efficiency impact modifier, as described in WO 2020/198,
179, having 0.5 to 40 weight percent, of a hard core
polymeric stage with a T _>0° C., 10 to 80 weight percent, of
an inner polymeric shell with a T,<0° C., 5-50 weight
percent, of an outer polymeric shell with a T,>0° C.,
wherein the ratio of emulsifier to surface area of said
core-shell particle is less than 1.5x107™* g/m>.

[0064] Light Stabilizing and/or UV absorbing additives
may be added to the polymer matrix composition, though
any such light stabilizing or UV absorbing additive should
not interfere with 400 nm light transmission. UV light
stabilizers include both UV absorbers and antioxidants. The
specific selection of a UV absorber and the loading level can
control the A % LT. Lower loading of light stabilizing or UV
absorbing additives and the choice of such additive(s) that
only absorb at lower wavelengths (such as 250-360 nm)
should be used in the composition of the invention. Some
typical UV absorbers, such as Methyl Salicylate (MESAL)
absorbs slightly up to 390 nm. Useful UV absorbers that
absorb UVB and UVC light (200-320 nm light) include but
are not limited to, phenolic aldehydes (e.g. Methyl Salicy-
late or N-(2-Ethoxyphenyl)-N'-(2-ethylphenyl)oxamide)
and/or dimethyl (P-methoxybenzylidene) malonate (e.g.
Hostavin PR-25). Useful light stabilizing additives include
but are not limited to Hindered Amine light stabilizers (e.g.
Tinuvin 770), and may provide an additional radical scav-
enging and/or antioxidant effect.

[0065] Some commercial light stabilization additives (e.g.
Tinuvin® P) exhibit minor absorbance in the visible region
of the electromagnetic spectrum (>380 nm). If such addi-
tives are included in a light diffusing acrylic resin, spectral
uniformity may diminish (increase ALT (800-400 nm)). It is
known to those skilled in the art that alternative commer-
cially available light stabilization additives (e.g. Tinuvin®
312) do not exhibit absorbance in the visible region (>380
nm), and are therefore preferred in a light diffusing acrylic
formulation to improve spectral uniformity (decrease ALT
(800-400 nm)). For example, Examples 10 and 14-18 show
that judicious selection of UV absorber and UV absorber
concentration may improve spectral uniformity.

Blending Procedure

[0066] The diffusing cover of the invention may be
blended and formed by any process known in the art for
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forming a cover, including but not limited to melt com-
pounding and melt processing, such as extrusion, blow
molding, injection molding, etc. or in a cast polymerization
process.

[0067] The diffusing cover of the invention is at least 200
micrometers in thickness, with no limitation on the maxi-
mum thickness—other than the increase in cost and weight.
A preferred thickness is from 250 microns to 10 mm, and
more preferably from 300 micrometers to 5 mm in thickness.

Coating

[0068] In one embodiment, the diffusing cover of the
invention may be coated, to provide added properties to the
cover, such as dirt shedding and weathering. Useful dirt
shedding coatings may include fluoropolymers, including
polyvinylidene fluoride polymers and copolymers having at
least 60 weight percent of polyvinylidene fluoride monomer
units; silicon coatings, cross-linked acrylic coatings, and
other coating known in the art for improving dirt shedding
and weathering properties. The coating should not generally
interfere with the transmission of light in the 400 nm-800 nm
range. The coating may be added by a coating process, a
coextrusion process, a lamination process, or other processes
known in the art.

Light Sources

[0069] The light diffusing cover of the invention is espe-
cially useful when used in a lighting device having more
than one, point light source. Multi-spectral LED devices or
luminaires are devices that contain at least one LED with
peak spectral emission in the visible light spectrum (400-800
nm) and at least one additional LED with different peak
spectral transmission in the range 250-800 nm. Examples
include:

[0070] 1: Continuous Environmental Disinfecting
Luminaires. Luminaires such as the CM2084-D—JAS-
PER™ by Visa Lighting contain multiple LEDs with
different peak emission in order to selectively disinfect
a surface, and or provide light to humans. In this case,
LEDs with peak emission at 405 nm may be activated
to disinfect a surface while LEDs with peak emission at
500-700 provide soft-white light for visibility.

[0071] 2: Multi-color Luminaires. Commercial prod-
ucts and smart lighting, such as light strips from Philips
include multiple LEDs enchased within a diffusing
housing in order to provide color-tuneability to the user.

[0072] 3: Horticultural Lighting. Some crop growers
use multi-spectral LED luminaires to influence crop
development and health. For example, LEDs with peak
spectral emission above 700 nm have been shown to
influence phototropism in plants, while LEDs with
peak spectral emission below 400 nm have been used
to promote production of plant flavonoids and phenyl
propanoids. Commercial luminaires contain 4-10 LED
types with different spectral emission peak.

[0073] For multi-spectral luminaire applications that
wholly or partially involve human exposure, it is preferable
that the LED light engine is placed behind a diffusing
material in order to reduce glare. It is also preferable that the
diffusing material uniformly transmit light across the entire
visible spectrum in order to maximize light transmission
from each LED through the diffusing material.
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[0074] 4. Interior automotive lighting having various
color LEDs. One application is for the interior of
autonomous vehicles.

EXAMPLES

[0075] Refractive Index (R.I.) measured by ASTM D 542
(Na-D line@ 23° C.

[0076] Number average particle diameter: measured by
Laser Diffraction Particle Size Analysis using a Malvern
Multisizer 11 (Electrical Sensing Zone Method, reporting
mean particle size.

Hiding Performance

[0077] The hiding performance (HP) of the LED cover of
the invention can be determined by a test comprising the
steps of:

[0078] a) forming plaque of the material to be tested at
uniform thickness—for example 0.080 inch thickness;

[0079] b) measuring the optical transmission of the
sample on a Perkin Elmer Lambda 950 at 0 inches from
the integrating sphere, and 400 nm, 500 nm, 600 nm,
700 nm, and 800 nm light;

[0080] c¢) measuring the optical transmission of the
sample on a Perkin Elmer Lambda 950 at 2 inches from
the integrating sphere, and 400 nm, 500 nm, 600 nm,
700 nm, and 800 nm light;

[0081] d) calculating the percent hiding performance as
a percentage, as the difference between the two trans-
mission measurements (0 inch and 2 inch), divided by
the 0 inch transmission measurement, times 100 to
obtain a percent hiding performance each of 400 nm,
500 nm, 600 nm, 700 nm, and 800 nm light.

[0082] Hiding performance is somewhat related to haze,
yet for many samples haze does not correlate well to hiding
performance. In general, the lighting industry relies on
qualitative tests that vary from manufacturer to manufac-
turer, such as by ASTM D 1003. In a commercial extruded
lens or cover (2 mm thickness) the hiding performance
should be greater than 40% and preferably greater than 50%,
and not more than 95%. Below 30% light is not efficiently
diffused at a reasonable distance (2 inch). Above 95% and
the percent transmission of the lens is compromised, low-
ering the light output. In the thinner lens 0.9 mm (injection
molded) the hiding performance should also be greater than
40%.

[0083] It has been found that the transmission curves are
a function of the distance from the integrating sphere on a
Perkin Elmer Lambda 950. Yet the change in the light
transmission as a result of the distance from the integrating
sphere is not constant for different materials. Calculation of
hiding performance is found to be a function of distance
from integrating sphere.

[0084] Test: First a 2 inch by 2 inch square, 0.080 in
thickness is extruded for each composition. The sample is
placed in a Perkin Elmer Lambda 950 at 0 inches from the
integrating sphere, and the transmission at 400 nm, 500 nm,
600 nm, 70 nm, and 800 nm light is measured. The sample
is then moved to 2 inches from the integrating sphere, and
the transmission at 400 nm, 500 nm, 600 nm, 70 nm, and 800
nm light is again measured. The hiding performance is then
calculated as the difference between the two transmission
measurements (0 inch and 2 inch), divided by the 0 inch

Jan. 26, 2023

transmission measurement, times 100 to obtain a percent
hiding performance at each wavelength.

Example Formulations

[0085] Diffusion material samples were obtained by melt
compounding the components described in Table 2, fol-
lowed by sheet extrusion of 0.080" thick sample plaques.
The compounding die temperature was controlled at 200-
220° C. using a Leistritz 27 mm twin screw extruder under
vacuum at the line speed of 50 1bs/hr under the screw speed
01'250-350 rpm. Optical Characterization was performed on
a Lambda 950 UV/VIS Spectrophotometer. Light transmis-
sion (% LT) and Hiding Performance (HP) were calculated
according to methods described above. Examples 1-13 are
extruded and may exhibit some texturing due to the par-
ticles, while Examples 14-18 are injection molded in a
highly polished mold.

[0086] Resin A is poly(methyl-methacrylate)/ethyl acry-
late copolymer, MFR 2.3 g/10 min (measured by ASTM
D1238, 230° C./3.8 kg) and refractive index 1.489 (mea-
sured according to ASTM D 542). Resin A does not contain
UV absorbing additives. Table 1 summarizes the diffusing
particle characteristics.

TABLE 1

Diffusion particles used in examples. Refractive
indices measured according to ASTM D 542

Number Average Refractive

D Description Diameter (um) Index
Particle A Acrylic and Styrenic bead 50.0 1.515
Particle B Acrylic and Styrenic bead 5.0 1.555
Particle C Silicone bead A 2.0 1.39
Particle D Silicone bead B 2.2 1.42

TABLE 2

Example formulations expressed in weight percent.

Resin A Particle A Particle B Particle C Particle D

Example 1 82.0% 18.0% 0.0% 0.0% 0.0%
Example 2 99.5% 0.0% 0.5% 0.0% 0.0%
Example 3 99.7% 0.0% 0.0% 0.0% 0.3%
Example 4 99.4% 0.0% 0.0% 0.6% 0.0%
Example 5 99.4% 0.0% 0.0% 0.0% 0.6%
Example 6 99.0% 0.0% 1.0% 0.0% 0.0%
Example 7 98.5% 0.0% 1.5% 0.0% 0.0%
TABLE 3
400 nm 800 nm A% LT

Example ID % LT HP % LT HP (800 nm — 400 nm)
Example 1 82.2 88%  89.5  T1% 7.3
Example 2 84.2 80%  90.2  66% 6.0
Example 3 81.8 91%  85.8  85% 4.0
Example 4 69.5 93%  75.0 8% 5.6
Example 5 74.9 92%  79.0  89% 4.1
Example 6 73.6 90% 857  82% 12.1
Example 7 64.2 93%  79.7  88% 15.5

Summarized optical light transmission (% LT), hiding performance (HP), and spectral
uniformity (A % LT) of 0.080" thick example plaques, measured on a Lambda 950 UV/VIS
Spectrophotometer.
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7
Examples 1-7 the same % LT at 400 nm. The diffusion resins containing
. . g Particle A demonstrates poor spectral uniformity compared
[0087,] | This e.:x.amplle. comp;rigsl acry lic .hlght qu51on to the acrylic resin containing Particle D. Additionally, the
matepa s con.tau.nng siicone-diftusion partic ?S.Wlt com- acrylic resin containing Particle D demonstrates signifi-
mercial acrylic light diffusion materials containing organic cantly greater hiding performance compared to the diffusion
diffusion particles. .The sﬂlcon-.contalmng diffusing Par.tlcles resin containing Particle A (FIG. 4).
were found to pro.V%de more uniform spectral transmission at [0092] Diffusion resins containing Particle C and D main-
equal or better hiding performance. . tained spectral uniformity less than 6% while also demon-
[0088] The percent light transmission (% LT), and or  gyating high light transmission and hiding performance
hiding perfonngnce vs. Wan:length are shown for different greater than or equal to 85% (Examples 3, 4, and 5).
levels of diffusing particles in FIGS. 1-4. Diffusion resins containing Particle B demonstrated spectral
Spectral uniformity is defined as the difference % uniformity greater than or equal to 6% and hiding perfor-
LT (800 nm)-% LT(400 nm). mance greater than or equal to 66%. A diffusion resin
[0089] The spectral uniformity for each sample is listed in containing Particle A (jemonstyayed spectral umfogmlty
Table 3. Only acrylic resins containing silicone resin (Par- greater than or equal to 6% and hiding performance 77%. In
ticle D) or silicone rubber (Particle C) diffusion particles the case of Particle A, the large size of the particle created
demonstrate spectral uniformity of less than 6%. It is antici- a rough surface texture that contributed to increasing the
pated that a person skilled in the art may achieve spectral ~ hiding performance.
uniformity. with less than .6% usiI}g an exceedingly s.n}all Examples 8-18
confcentratlon O,Iilagy dlfqullOIl p];lrtlﬁlgs, holweé/er t(lilephld.u}g [0093] Resin B is the same as Resin A except it does
pDefl ormar;ce Wil zVei’y ow.h ot h Ia{rtlg N A anc a\thilc e contain a very low level of UV absorbing additive. Resin C
a,Vde re racﬁlvf, 11111 ex lower than thf esin d,%l?itr,lx' en is an impact modified acrylic resin that contains UV absorb-
c.011151. e.rlr}bg lt e 1(‘;% Ltransg.lilfsspnt ougl}ell Liusing m?it'i“- ing additive and has a MFR of 1 g/10 min (measured by
?a , 1015 be lleVe : that fa 1 “S%ni mel‘te“a ioma;lmngf - ASTM D1238, 230° C./3.8 kg). Resin D is the same as Resin
usion particles with refractive index lower than the refrac- C except it does not contain UV stabilizers.
tive index of the matrix is best for promoting uniform
spectral transmission.
[0090] FIG. 1 compares acrylic resin containing Particle D TABLE 4
to Particle B. At 800 nm, the light transmission for 0.6% and Example formulations expressed in weight percent.
0.3% Particle D is equivalent to 1% and 1.5% Particle B, . . . . .
respectively. At 400 nm, the light transmission for 0.6% and Example ID  Resin B Resin C  Particle A Particle B Particle C
0.3% Particle D is up to 10% greater than 1% and 1.5% Example 8 98.0% 1.8% 0.2%
Particle B, respectively. Accordingly, compositions contain- Example 9 94.2% 5.0% 0.8%
ing Particle D demonstrate greater spectral uniformity and Example 10 82.0%  18.0%
. .1 Example 11 91.0% 9.0%
provide equal or better hiding performance (FIG. 2). Fxample 12 05 50% 450
[0091] Table 3 shows diffusion resins containing Particle Example 13 79, 6% ' 18.0% 2.4%
D also demonstrate better spectral uniformity than diffusion
resins containing Particle A (FIG. 3). While both resins have
TABLE 5
385 nm 400 nm 800 nm A% LT A% LT
Example ID % LT HP % LT HP %LT HP (800 nm-400 nm) (800 nm-385 nm)
Example 8 772 868 846 8.6 857 77.2 L1 8.5
Example 9 67.7 87.5 774 871 875 783 10.2 19.8
Example 10 35.6 822 79.2 8.0 89.6 746 10.4 54.0
Example 11 372 668 858 661 920 54.6 6.2 54.8
Example 12 367 479 87.0 471 920 355 5.0 553
Example 13 36.1 954 467 954 495 952 2.7 13.4

Summarized optical light transmission (% LT), hiding performance (HP), and spectral uniformity (A% LT) of 0.080"
thick example plaques, measured on a Lambda 950 UV/VIS Spectrophotometer.

TABLE 6

Additional Example formulations expressed in weight percent.

Example ID

Resin B Resin C Resin D Particle A Particle B Particle C Comments

Example 10
Example 14
Example 15
Example 16
Example 17
Example 18

82.0% 18.0% high % stabilizer #1
82.0% 18.0% no UV stabilizer
82.0% 18.0% low % stabilizer #2
81.9% 18.0% high % stabilizer #2
81.9% 18.0% low % stabilizer #3
80.8% 18.0% high % stabilizer #3




US 2023/0023703 Al

Jan. 26, 2023

TABLE 7
385 nm 400 nm 800 nm A% LT A% LT
Example ID % LT HP % LT HP %LT HP (800 nm-400 nm) (800 nm-385 nm)
Example 10 35.6 822 792 820 89.6 746 104 54.0
Example 14 864 67.1 881 653 913 453 3.2 4.9
Example 15 869 69.1 885 67.6 91.0 47.1 2.5 41
Example 16 872 680 887 661 907 45.7 2.0 35
Example 17 87.0 688 889 670 918 472 29 4.8
Example 18 867 669 887 650 91.5 454 2.8 4.8

Summarized optical light transmission (% LT), hiding performance (HP), and spectral uniformity (A% LT) of 0.080"

thick example plaques, measured on a Lambda 950 UV/VIS Spectrophotometer.

1. A light diffusing cover composition for use with two or
more point light sources, wherein said light diffusing cover
composition comprises:

a) a transparent or translucent polymer matrix, and

b) 0.1 to 40 weight percent of diffusion particles dispersed
within said transparent polymer matrix,

wherein said light diffusing cover composition has the
following properties when measured on a 0.080 inch (0.203
cm) thick sheet:

a light transmission of greater than 40 percent of light at
each of 400 nm, 500 nm, 600 nm, 700 nm, and 800 nm
light wavelengths;

less than a 6 percent absolute difference between the light
transmission at 400 nm and the light transmission at
800 nm; and

a level of diffusion, as measured by hiding performance,
of at least 65 percent at each of 400 nm light wave-
length.

2. The light diffusing cover composition of claim 1,

wherein said light diffusing cover composition comprises:

a) a transparent or translucent polymer matrix, and

b) 0.1 to 40 weight percent of diffusion particles dispersed
within said transparent polymer matrix,

wherein said light diffusing cover composition has the
following properties when measured on a 0.080 inch (0.203
cm) thick sheet:

a light transmission of greater than 40 percent of light at
each of 400 nm, 500 nm, 600 nm, 700 nm, and 800 nm
light wavelengths;

less than a 6 percent absolute difference between the light
transmission at 400 nm and the light transmission at
800 nm; and

a level of diffusion, as measured by hiding performance,
of at least 65 percent at each of 400 nm, 500 nm, 600
nm, 700 nm, and 800 nm light wavelengths.

3. The light diffusing cover composition of claim 1,
wherein said transparent or translucent polymer matrix is
selected from the group consisting of polymethylmethacry-
late (PMMA), polycarbonate (PC), polyethylene terephtha-
late, glycol modified (PETG), polyvinyl chloride (PVC),
impact modified PVC, polyesters (PET, PBT, APET, etc.),
styrene acrylonitrile (SAN), acrylonitrile-acrylate copoly-
mer, acrylonitrile-methyl methacrylate copolymer, methyl
methacrylate-styrene copolymer, methacrylate-butadiene-
styrene terpolymer, acrylonitrile-styrene-acrylate (ASA) ter-
polymer, acrylonitrile butadiene styrene (ABS) terpolymer,
polystyrene (PS), high impact polystyrene (HIPS), polyole-

fins, impact modified polyolefins, polycyclo-hexylethylene,
cyclic olefin copolymer (COC), polyvinylidene fluoride
(PVdF), PVdF-acrylic copolymers, imidized acrylic poly-
mer, acrylic polymers, impact modified acrylic polymers,
and mixtures thereof.

4. The light diffusing cover composition of claim 1,
wherein said matrix polymer is a (meth)acrylic polymer,
having at least 70 weight percent of methylmethacrylate
monomer units.

5. The light diffusing cover composition of claim 1,
wherein said diffusing particles are inorganic, organic or a
mixture thereof.

6. The light diffusing cover composition of claim 1,
wherein said diffusing particles have a spherical, near
spherical or irregular shape, and have a refractive index
mis-match with the polymer matrix of +/-0.01 to 0.25.

7. The light diffusing cover composition of claim 1,
wherein said diffusing particles have a refractive index that
is lower than the refractive index of the polymer matrix.

8. The light diffusing cover composition of claim 1,
wherein said diffusion particles have a multi-modal particle
size distribution.

9. The light diffusing cover composition of claim 1,
wherein said diffusing particles comprise silicon resin, sili-
con rubber, or a mixture thereof.

10. The light diffusing cover composition of claim 1,
further comprising 0-80 weight % impact modifiers.

11. The light diffusing cover composition of claim 1,
wherein said composition contains one or more types of
light stabilizing compounds, wherein said composition con-
tains less than 1 weight percent light stabilizing compounds
that absorb wavelengths of light above 390 nm.

12. A lighting device, comprising two or more point light
sources of different wavelengths, and a light diffusing cover
made of the light diffusing cover composition of claim 1.

13. The lighting device of claim 12, wherein said light
diffusing cover has a thickness of from 200 micrometers to
10 mm.

14. The lighting device of claim 12, wherein said light
diffusing cover has a roughened surface.

15. The lighting device of claim 12, wherein said lighting
device is selected from the group consisting of a continuous
environmental disinfecting luminaire, a multi-color lumi-
naire, a horticultural lighting luminaire, and an interior
automotive lighting system.
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