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COMPOSITIONS AND METHODS FOR REDUCING THE SURFACE

TEMPERATURE OF COMPOSITE ARTICLES

RELATED APPLICATIONS
0083 The present appiication claims the benefit of ULS. Provisional Application No.
62/298,785 filed February 23, 2016, the entire disclosure of which is hereby incorporated by
reterence.
FIELD

{0002]  This disclosure relates to compositions and methods for reducing the surface

temperatures of composites.

BACKGROUND
LHEIRY Wood plastic composites (WPCs) have recently found application in many
comynercial products, The overall market for WPCs was estimated to total billions of pounds
anmuially. The leading uses for WPCs are found in construction markets {e.g., as decking)
and automotive markets {e.g., as interior trim). When compared o conventional mineral or

glass filled composiies, WPCs have lower specific gravity, better strength/weight ratio and

are often more cost effective. They also can have the lock of natural wood, while being
much easier to mainiain.

FO004] WHPCS and the application thereoi, however, are not without ceriain drawbacks,
WPCs have had issues with exposure (o uliraviolet radiation, mold, and mildew growth. As a
result, many companies have commercialized decking products that have a thin, coexiruded
capstock layer. Thus laver often condains addifives {o impart improved ultraviolet stability
and nucrobial resistance.  The industry has also developed capstocks with enhanced

aesthetics, such as the appearance of dark, tropical hardwoods, For example, several decking

}
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manufacturers offer capped products that mimic the colors of the natural Brazilian Cherry,
ipe, or Rosewood. These dark colored capped deck boards have an undesirable side effect in
that they can become extremely hot 10 the fouch when exposed {6 warm, sunny chimates. In
some mstaneces, surface termperatures of capped composiie decking products may exceed 170
“F (about 77 “C). This makes the deck not only uncomfortable to the touch, but it also raises
the local ambient temperature arcund the deck dramatically, making it difficult to enjoy the
deck. in addition, the higher the surface temperature of an exterior decking/building product,
the more rapidly deleterious chemical reactions occur. This includes the breakdown of the
nolymeris capstock by oxidation and ultraviclet energy.
RHEIRY; From the foregoing, it will be appreciated that it is desirable to lower the surface
fernperature, especially with darker colored capstocks, o prolong the hfe and improve the
acceptability of composite articles.

SUMMARY
[3306] in one aspect, an additive package, when incorporaied into a polymeric matrix, is
capable of reducing the thermal loading characteristics of polymeric composites. In certain
embodiments, the frared reflective additive comprises one or more mfrared reflective
colorants and a thermally emissive filler. The infrared reflective additive can be compounded
with conventional polymers to form articles, inchiding for example, a capsiock layer for
decking products. The combination of one or more infrared reflective colorants and a
thermally emissive filler in a polymeric composite may dramatically reduce the heat build-up
that occurs in conventional composite materials when exposed to infrared radiation.
THE fhe disclosed infrared reflective additive compositions can reduce the surface
temperatures of composite substrates. In one embodiment, the infrared reflective additive

composition of this disclosure is compounded into a polymeric matrix using melt processing

,4.%
s
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vechniques.  In an embodiment, the additive composition includes one or more mfrared
reflective colorants, and one or more thermally emissive {illers,

[ QOGS ] The development of 3 polymernic composite empioying a combination of thermally
ernissive compounds with highly retiective colorants can permit the formation of composite
materials having aesthetically desirable hues, including dark hues. The resulting composites
may, i certamn applications, possess surface temperatures and heat build-up values closely
resembling those of composiies contamung a significant amount of white colorant,. CIE
L¥a*b* color scale coordinates represent one method tor determining the color of an article.
The disclosed embodiments melude composites whose L* vabues represent darker values,
e.2., below about 58, and which are capable of achieving desirable surface temperatures and
reductions in heat build-up compared to conventional matenals with simlar L* values.

sred embodiments can also exhibit a reduction n heat build-up and

h--"

Additionalily, lighter co
reduced surtace temperatures.

LHHOY: infrared refiective colorants can reflect light in the 700-2,500 nm wavelength

range. Exemplary inirared reflective dark colorants can be inorganic or organic in nature,
and include but are not iunited to those referred to in UK. Patent Nos, 6,458,848 B2,
0,616,744 B1, 6,980,056 B2 and 7,157,112 BZ. Exenplary inorganic compounds include
single or mixed metal oxides formed from a varnety of metals, e.g., from alumimim,
anfimony, bismuth, boron, chromium, coball, gallium, indium, tron, lanthanum, 18 lithiom,
magnesium, manganese, molybdenum, neodymiun, nickel, niokium, stlicon, tin, vanadigm
or zing. bExemplary metal oxides mchude Cr203, AIRRZQS, V2035, Gaz3, Fel(3, Mnz3,
1203, in203, TiBOS3, Nih03, MgTio3, CoTlO3, AnTiQs, FeTi(s, MaT03, OGBS,
NiCr(33, FeBO3, FeMo3, FeSn(BO3)2, BiFe(3, AIBO3, Mg3AlZSi3012, NIAIDS,

LaAiQs, MnSn(3, LiNBQ3, LaCo03, MghO3, Zn5i103 and MndSb,Fey(3.
3
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PO 8 A thermally emissive filler can be emploved o reduce surface temperatures and
heat butld-up., A norclimiting exampie of thermally emissive filler mcludes boron nifride.
The combination of an mifrared reflective colorant and a thermally emissive filler in a
nolymenc can provide improved reduction i surface temperaiures as well as a reduction
heal bulld-up within the articie. The infrared additive composition of this disclosure may
optionally include other infrared {ransparent coiorants.

N

{011 in an embodiment, the resulfing polymeric composition may be used in vartous
arficies that are exposed (o nfrared radiafion, such as buding progucts. For exanmple, the
disciosed composition may be employed as an extrudable capstock particularly useful for
WPCUs, In another embodimentd, the additive composiitons of this disclosure are formulated
ue g paint or coating composition that can be apphied to a substrate. In another embodiment,
the additive composiiion is within a polviieric matrix capable of being extruded info a film or
a fiber. The mdrared retiective additive compositions of this disclosure are particularly useful
at reducing the surface temperature of composite buliding articles when they are exposed to
wnfrared radiation.  In one embodiment, the surface temperature of a composile building
arlicie capped with the capstock containing the colorant formulations of this disclosure have
surtace ternperatures (GIR) that are as much as 530 °F {(about 10 °C) lower than conventional
capstock articles having similar coloration according to CIE L¥a*b* color scale coordinates,

{iips The disclosed infrared reflective additive conmposifion embodied c¢an be
compounded into any polymernic matnix to form a polymeric composite with the enhanced
reduction in thermal properties.  In some embodiments, the polymeric matrix 1§ meli
processable. In additional embodiments, the polymaeric matrix 1s crossiinkable after it (s melt
processed.  Crosslinkable polymers may provide adhesion to a WPL core i capsioek

apphcations. In other embodiments, the polymeric matrix 15 a thermoset,

4
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(11 3] In another embodiment, the IR reflective additive composition may also contain
addiftves or colorants that reflect ullvaviodst and visible light, typically characterized as
having wavelengihs between 200-400 and 400-700 nm, respechively,

G014} The additive composifions of fhus disclosure have broad uihily for reducing

Y

surface temperatures in a wide variety of building and construction articles including, but not
iimited to, the following: decking, fencing, rading, roofing and siding. It is also
contemplated that the utility of the addifive compositions of this disclosure may be utilized in
films and fibers for wtihity 1n packaging, protective IHms and textiles,

BRIEF DEMCRIPTION OF THE DRAWINGS

0 [0818] ¥IG, 1 is an isomnetric view of an article formed utilizing an embodiment of the
disclosure,

{H RS File, 2 18 a plot of L* colorant values versus heal butld-up values {or several of
the disclosed smbodiments.,
L FIG, 3 is a graph of L* colorant values versus surface temperatures for several of

15 the disclosed embodiments.

DETAILED DESCRIPTION
LHE R The following detatled description describes certain embodiments and s not 1o be
taken in a limited sense. Unliess the context indicates gtherwise the following terms shall have
the following meaning and shall be applicabie to the singular and plural:

20 jBO19) The terms “g,” “an,” “the,” “at least one,” and “ong or more” are used
interchangeably.  Thus, for example, a composition confaining “an” infrared retlective
additive means that the composilion may include “one or more” infrared reflective additives.
20 The termn “composite” means a material compnising two or more chennically and

chysically different phases separated by a distinet inferface.

S
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{B021] The term “crossiinkable polymer” means a melt processable polymeric material or

cairiposite that can be crossiinked upon exposare o moisture, heat, or achinic radiation after

meit processing.

022 The term “filler”™ means a matenal added to adjust the mechanical or thermal
5 properties of a polymer or polyvmeric matenal,
{302 3] The term “infrared reflective additive” means an adduive composition that has the
ability to reflect infrared radiation and beneficially improve the thermal characteristics of a
DOIYIMEric composite.
{0241 The term “infrared reflective colorant” means a dve or colorant that reflects
10 infrared radigtion, typically greater than 30%..

FERAY The term “mfrared lransparent colorant” means a dye or colorant that has a high

degree (>30%) of infrared transparency.

026] The term “melt processable composition” means a formulation that i1s processed,

typically at elevated femperatures near or exceeding the meling point of softening point of at
15 least one component of the formulation, using a polyvmer melt processing techmique.

{3027 The term “mell processing fechnique” means a technique for applving thermal and

mechanical energy 10 process a polymer or composition. Examples include extrusion,

injection molding, blow molding, rotomaolding, or baich mixing.

THIRRY The {erms “polymer”™ and “polymeric” mean a molecule of high relative molecudar
20 mass, the structure of which essentially contains muliiple repetitions of unils derived, actually

o coneeptually, from molecules of low relative molecular mass,

3029 The term “polvmerie matrix” means a mell processable, thermaoplastic polyvmeric

material or materials.

29

FB038] The terms “preferred” and “preferably”™ refer to embodiments that may aftord

&
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certain benefits, under certain circumstances. Other embodiments, however, may also be
preferred, under the same or other circumstances. Furthermore, the recitation of one or more
oreferred embodimenis does not imply that other embodiments are not uselidd, and is not
intended to exclude other embodiments from the claimed scope.

{831} The ferm “thermally emissive filler” means a minimally pigmentary compound
capable of reflecting infrared radhation and conducting heat away from a surface.

0321 The terms “wood polymer composite” and “WPC” mean a composite corlaining 4
cellulosic material as a filler.

RO35] The recitation of numerncal ranges using endpoints mchudes all mumbers subsumed
within that range (e.g. 1 to 5 mcludes 1, 1.5, 3, 3.95, 4.2, 5, ete.}.

F0G34] The indrared reflective additives of this invention are compounded mfo a
polymeric matrix and converted into a polymeric composiie {hrough mell processing
technigues. The polymeric composite can be formed or made into various articles. For
example, Fi, 1 depicis decking board 10 having intrared retiective capstock 20 over WPC

Las

30, Capstock 20 1s produced by coextruding a polymeric matrix contaming the infrared
reflective additive of this disclosure onto a wood plastic composite substrate using melt
processing technigues. Capstock 20 comprises a thermoplastic polymer, such as a pelyolefin.
In an altermative embodiment, capstock 20 further comprises a crossiinkable polymer, The
resulting article exhibits the beneficial thermal reduchion properties set forth i s
disclosure.

({35} Infrared reflective additives comprise a nuxture of one or more mirared reflective
coloranis and one or more thermally emassive fillers. An infraved refiective additive 18 a
composition that hds the ability (o reflect infrared radiation angd benehicially improve the

thermal characteristics of a polymeric composiie.  An wdrarad retiective additive can be

~
s
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imncluded in the polymeric matrix at amounis ranging from about .45 wi% 10 about 85 wiba.

In other embodiments, the additive 1s included in the polymeric matrix al levels of 8.5 1o 20

witbs, or $.25 to 0 wt%%.,  In certain embodiments, the infrared reflective additive
substantially fowers the temperature of the surface exposed to the mirared radiation over
polymeric composites without the additive. The combmation of components i the additive
18 well suited to enhance the thermal characternstics of articies, particularly darker shaded or
colored arficles that are susceptible to heat butld-up due 1n part to infrared radiafion.

{3036} The disclosed infrared reflective colorants usefud in achieving the desired thermal
properiies 1nciude those coloranis that imherently have a high level ot infrared reflectivity. A
high level of infrared reflectivity includes {hose colorants that reflect greater than 25%,
orgater than 30%, greater than 50%, greater than 75% or in some ¢ases greater than 80% of
mfrared radiation. Non-lingting examples inchude those colorants commercially marketied
ander the Artic tradename by Shepherd Colors Company, West Chester, Omno. Those skilled
i the art will recognize that the level of infrared reflectivity s related {0 the inbherent
properties of the colorant {¢.g., brighiness or L*), Generally, the lower the brightness of the
colorant, the lower the level of IR reflectivity.

037 A thermally emissive filler can be employed 1o reduce surface temperature and
heat buildup. A non-hinuting example of a thermally emussive filler meludes boron nitride.
in one embodiment, the addition of boron nitride o the additive formulation in combination
with the infrared reflective colorants resulis in a sharp reduction in heat build-up on the
surface of a polymenc composite,

{BOIN] In a further embodiment, the infrared reflective additive may 1nciude a transparent
colorant.,  Transparent coloranis can offer the ability o adjust the color of a polymeric

composite to a desired hue without adversely impacting the thermal charactenistics created by

8
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the use of the infrared reflective additive. Exemplary infrared transparent colorants inciude
colorants that have a high level of infrared transparency. Non-limiting exampies inchude
organic colorants commercially marketed under the Lumogen™ trademark by BASXFK
Corporation, Florham Park, NJ. These colorants are useful in that they are very dark and can
be utilized to modify the color of the resulting polymeric matrix while not absorbing infrared
radiation. This is in contrast {o colorants like carbon black, which has extremely high
infrared absorption characteristics and can cause the polvmeric matrix {0 absorb extensive
heat at the surface.

{039 in another embodiment, the infrared refiective additive composition may further
include additives that additionally reflect solar radiation. Non-limiting examples of additives

that reflect ultraviclet and visible light include titanium dioxide, zirconium dioxide, meluding

b o )

nanoparticulate {itanium and zirconnum dioxide. Nanoparticulate particles are characterized
as particies that have an average diameter of less than one micron.

3040 The polvmeric mainix employing the infrared reflective addudive may include one
or more polvmers. Non-limiling examples of polymers usetul with the additive of this
disclosure inchude high density polyethyiene (HDPE), low density polyvethylene (LIPE),
linear low density polyethylene (LLDPE), functional polyolefin copolymers meluding
poivolefin based ionomers, polvpropylene (PP, polyolefin copolymers (e.g., ethylene-butene,
ethylene-octene, sthylens vinyl aleohoi), polystyrene, polysiyrene copolymers {e.g., mgh
impact  polystyrene, acrvionifrile butadiens  styrene  copolymer), polvacryiates,
polymethacrylates, polvesters, polyvinylchlonde (PVYC), fiuoropoiymers, polyamides,
polyether 1mides, polyphenyiens sulfides, polysulfones, polvacetals, polycarbonates,

nolyvphenylene oxides, polvurethanes, thermoplastic elastomers {e.g., SIS, ShEBS, S5BS),

spoxies, alkyds, melamines, phenolics, ureas, vinyl esters or combinations thereot. In some

9
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embodiments, polvolefins represent preferred polymers for use in polymenc matricies, for
exampie in articies such as WP capstock formulations.

THIEY g In another aspect, the polymeric matrix may contain other additives in addition to
an infrared reflecting additive. Non-hmiting examples of such additrves include antioxidants,

hight stabilizers, fibers, blowing agends, fvaming additives, antiblocking agents, heat

(W4

stabilizers, impact modifiers, pocides, antimicrobial additives, compatiihzers, plasticizers,
tackificrs, processing awds, lubricants, couplmng agents, and tlame retardanis. Such additives
may be incorporated mio the mell processable composition in the form of powders, peliets,
grarutles, or i any other exirudable form. The amount and type of such addiives in the mel
13 processaple compostion may vary depending upon the polvmeric matrix ang the desired
physical properties of the finished composttion, Those sialied in the art of melt processing
are capable of selecting appropriate amounts and fypes of addifives to match with specific
polymerie matrices in order to achieve desired physical properties of the finished malerial.
{3342} in one aspect, ihe polymeric matrix may comprise a crossiinkable polymer,
I35  Crossiinkable polyolefin polymers are just one exampie of materials suitable for such an
application.  Non-hmpling examples of crosshinkable polyoleting include silane grafied
polvethylene, silane grafted polyethylene copolymers {e.g., ethylene/hexane, c¢thyvlene/octane,
ethviene/vinyl  acetate, sthylene/acrylate, ethvlene/propyviene) and  silane  grafied
polypropylene. Silancs moicties grafted {o the polymer backbone may melude, for example,
20 tnimethoxy or triethoxy silane.

{0043] Crossiimkabie polymers can be produced in any manner known in the art,
including reactive extrusion. In reactive exirusion, the base polvmer is reacted with an
ethylemically unsaturated crossiinkable monomer in the presence of a free radical initiator. in

one embodiment, ethylencially unsaturaied alkoxy silane monomers can be reacted with a

t{}
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base polymer in the presence of g free radical inttiator. Addifionaily, i certain applications,
vinyi trialkoxy silanes may be used as the ethylenically unsaturated crosstinkable monomer.

{3044} A variety of crosslinking mechanisms may be employved. In one exempiary
embodiment, the crosslinking mechanism employs an activated free-radical initiation, Mon-

Hmiting free radical initiators are any of those known in the art including diazo compounds

4

and peroxy compounds. Those skilled in the art will based on this disclosure be able to sclect
ann appropriate free radical initiator, as determuned for example by the melt processing
conditions {e.g., temperature and residence time) required to factiitate effective grafing of
the crosslinkable monomer to the polymer backbone., The crosslinking reaction can be
10 optionally accelerated by mnchiding a catalyst in the capstock formulation. Catalysts usefud
for improving the Kinetics of motsture cure crossiinking processes can be any of those kpown
in the art.
00451 The amount of crosslinkable monomer in the crosshiniiable poiviner composition

can vary. In one embodiment, the crossiinkable monormer comprises 0.05 to 20 wide of the

-y

crossiinkable polymer composition, 0.1 to 10 wi % of the crosshinkable poiymer composition,
or in certain aspects (.25 1o 5 wi % of the crosslinkable polymer composition.

{0046] For end use applications where the polymeric composiie is forming a capsiock on
a WPC, the amount of crossiinkable polymer n the capstock composition can alse vary, in
one embodiment, the capstock composition comprises at least 1 of the crosslinkable polymer,
200 5 to 95 wi %% of the crosslinkable polymer, or in cerfain applications 10 1o 75 wt % of the
crosstinkabie polymer.

(30471 The crosslinking reaction is generally activated upon or soon atier forming the
desired article, in a post-crosslinking reaction. In one embodiment, the post-crossiinking

reaction is activated by moisture curing. In another embodiment, the post crossiinking

1 5
"
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reaction is activated by exposure to actimic radiation, for example, uitraviclet or electron

beam radiation.

(B4 8] In an alternative embodiment, it may become desirable to adjust mechanical or
thermal properties of the end use article resulting from the use of the infrared reflective
additive of this disclosure. In that regard, the melt processable composition may also cortiain
fillers, Fillers can be used to make a varjety of composites, and, for the purposes of this
disciosure, will be described in connection with the extrusion of a compostie capsiock atop a

WPC, Fillers can function to improve mechanical and thermal properties of the capstoek.

Fillers can also be utilized to reduce coefficient of thermal expansion (CTE) of the capstock,

in order to minimize the difference in CTE between the capstock and the WPC core. Non-
Hmiting examples of fillers include mineral and organic fillers (e.g,, talc, mica, clay, silica,
ahiming, carvon fiber, carbon black glass fiber) and conventional cellulosic materials {e.g.,
wood Hour, wood fibers, sawdust, wood shavings, pewsprind, paper, flax, hemp, wheat straw,
rice hulls, kenaf, jute, sisal, peanut sheils, soy hulls, or other celivlose contaiming materals),
Fillers such as calcium carbonate, tale, ¢lay and celhulosic fiber may be preferred for many
apphications. The arpount of {iller in the melt processable composition may vary depending
upon the polymeric matrix and the desired physical properties of the finished composition, in
some embodiments, the filler comprises 1-90 wt % of the capstock formulation, 5 -~ 75 wt %
of the capstock formulations or 10 - 6 wt % of the capstock {ormulation.

[(349] The infrared reflective additive compaosifion and opfional additives can be
prepared by blending the components into a polymeric matrix. Depending on the type and
nature of polymeric mairix, this can be done using a variety of mixing processes Known 1o
those skillied in the art. For Hquid thermoset polymeric matricies, the indrared reflective

additive composition can be blended in standard mixers utilized {0 blend bquid resms and

2
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additives or colorants. For melf processabie thermoplastic compaositions, the polymer matrix

and infrared reflective additive can be combined fogether by any of a variety of blending
devices available in the plastics industry, such as with a compounding mili, a Banbury mixer,
or a mixing extruder. Materials for making 4 polyvienc matrix may be used i the form, for
example, of a powder, a pellet, or a granuiar product. The muxing operation 18 most
convenently carried outf al a iemperature above the melting point or softening point of the
polvmer. The resulting melt blended mixture can be either extruded directly info the form of
the final pr@dﬁ@t shape or pelietized or otherwise comminuted o a desired particulate size
or size distribution and fed to an exiruder {¢.z., a twin-screw extruder) that melf processes the
blended mixture to form the final product shape.  Alternatively, the infrared reflective
addifive composition may be produced by dry blending a masterbatch of the addifives and
filier with the polymeric matrix and direcily extruding this composition onio an article.

EHUT The infrared reflective additive compositions of this disclosure have broad atility
tor reducing the surface femperature m a wide vanely of articles wmeluding {hose in the
building and construction markets. Non-limiting examples of potential uses of the additive
and polvmeric composite of this disclosure include: decking, feneing, railing, roofing and
siding. It is also contenplated that the utility of the additive compositions of this disclosure
to be utilized in films and {ibers for utility in packaging, protective films and textiies.

(3351} The compositions of this disclosure are well suited for capstock applications. In
such applications, a WP core 5 surrounded on at least a portion of s periphery by a
capstock derived from the composition of this disclosure. The WPC is fypically comprised of
a polymeric maitrix and a cellulosic filler. In one embodiment the filler 18 a cellulosic
material, such as for example, wood flour,

tHIRYS: The polymeric matrix of the wood plastic composite core functions as the host

{3
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polymer and is a primary component of the melt processable composition. A wide variety of
polymers conventionally recognized in the art as suttable for mell processing are usetui as the

polymeric matrix of the WPC. They include both hydrocarbon and non-hydrocarbon

polymers. Examples of useful polymeric matrices include, but are not limited io, polyamides,

{5y

nolyimides, polyurethanes, polyolefing, polystyrenes, polyesters, polycarbonates,
solvketones, polvureas, polyvinyl resins, polyacrylates and polvmeihylacrylates.

053] In some embodiments, the polvmeric mairix of the WPC core may mclude

blended polymers. Non-imiting examples of polvmers for blending include, ligh density

polvethviene (HDPE), low density polyethylene (LDFPE), linear low densily polyethylene
10 (LLDPE), polypropylene (PP}, polvolefin copolymers (e.g., ethylene-butene, ethylens-octen,

> 4
\

ethylene viny! alcohol), functionalized polyclefins {(e.g. polyoleltin based ionomers)
polystyrene, polystyrene copolymers {e.g., high impact polystyrene, acryionitrile bufadiene
styrene copoelymer), polyacrylates, polymethacrylates, polyesters, polyvinyichionde (PVC),
fluoropolymers, polvamides, polyether imides, polyphenylene sulfides, polysulfones,

iS5 polvacetals, polvearbonates, polyphenylene oxides, polyurethanes, thermoplastic elastomers
{e.g., SIS, SEBS, SBS), epoxies, aikyds, melamines, phenolics, ureas, vinyl esters or
combinations thereof., An exemplary blend suitable {or polymeric matrices 18 polyolefing and
thermoplastic elastomers,
30541 Non-imiting examples of fillers for the WP include morganic and orgamge fillers

20 (e.g., tale, mica, clay, silica, aluming, carbon fiber, carbon black glass fibery and cellulosic
materials {e.g., wood flour, wood fibers, sawdust, wood shavings, newsprint, paper, flax,
hemp, wheat straw, rice hulls, kenaf, jute, sisal, peanut shells, soy hulls, or any celiulose

containing material). In another aspect, polymeric fibers may also be incorporated mn the

composite of this disclosure. The amount of filler in the melt processable wood plastic

14
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composite core composition may vary depending upon the polymeric matrix and the desired
physical properties of the finished composition. Those skilled in the art of melt processing
polymers will be capable of selecting appropriate amounts and types of fillers o maich a
specitic polymeric matrix.

[355] The amount of the filler i the melt processable WPC may vary depending upon
the polymerc matrix and the desired physical properties of the finished composition. In view
of the present disclosure, the selection of an appropriate amount and type of filler(s) can be
made {o maich with a specific polymeric matrix in order to achieve desired physical
properties of the fGinished malerial. Typically, the filler may be incorporated into the melt
processable composition m amounts up to about 90 %% by weight., The filler is generally
added 1o the melt processable composite composition at levels between § and 90 %%, between
15 and 30 %, or betwesn 25 and 70 % by weight of the formudation. Additionally, the filler
may be provided in various forms depending on the specific polymeric matrices and end use
applications. Non-luniting examples of filler form inclhude, powder and pellets.

LHIEREY In another aspect, the melt processable wood plastic composiie core composition
may contain other additives, Non-limiting examples of conventional additives include
antioxidants, light stabilizers, fibers, blowing agents, foaming additives, antiblocking agents,
heat stabilizers, mmpact modifiers, biocides, compatibilizers, flame retardants, plasticizers,
tackifiers, colorands, processing aids, hibricants, coupling agents, and colorants, The
addittves may be incorporated mto the melt processable composition in the form of powders,
peilets, granules, or in any other extrudable form. The amount and type of conventional
additives in the melt processable composition may vary depending upon the polymeric matrix
and the desired physical properties of the finished composition. Those skilled in the art of

melt processing are capable of selecting appropriate amournts and types of additives 1o match

13
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with specific polymeric matrices in order to achicve destred physical properties of the
iinished material.

HUNY Melt processing of the WPC and capstock are typically performed at a
temperature from 807 to 300° C, although oplimum operating temperatures are selected
depending upon the melling point, melt viscosity, and thermal stability of the composition.
Difterent types of melt processing equipment, such as extruders, may be used to process the
melt processable compositions of this disclosuare,

| GOS8 Embodiments employing a crosshnkable capstock may be subjecled fo post
product crosslinkmng.  duch post production crosshinking of the extrudable capstock
compaosition can be performed by exposure 0 moisture, thermal energy or actinic radiation
depending on the specific capsiock chemistry bemng ulithized. In one embodiment, a silane
gratted polymer s extruded as a capstock onto a WPC core and post crosslinked by exposure

inking reaction can be optionaliy

hl-i

to moisture just atter the coexfrusion die. This Cross
accelerated by including a catalyst in the capstock formulation.  Catalvsts useful for
improving the kinetics of moisture cure crosslinking processes can be any of those kiown
the art,

839 The composites of this disclosure are suitable for manufacturing articles,
including those i the building and construction mndustries. For example, articles
mncorporating the compositions of this disclosure may mclude: building components such as
decking, siding, roofing, raiing and fenecing.  The infrared retlective additive of thus
disclosure also has potential utility i coalings, pamnts, fiims and fibers, protective films and
textiles.

{060 The resulting articles produced by melt processing the inventive composiion can

provide improved characteristics. For example, wood plastic composiies extruded with the

16
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capsiocks containing the infrared reflective addifive of this disclosure have markedly iower
heat buildup upon exposure to infrared radiation.
{0061} Articles produced with the infrared reflective additive of this disclosure

dernonsirgie the one or more of reduced thermal or lower surface temperatures when

W

compared to comparabie articles produced without the additive. The CIE L*a*b™ color scale
coordinates represent one method for deternuning the color of an article,  The inirared
reflective addifive of this disclosure may favorably impact the thermal characteristics of a
composite possessing any selected color in the CIE L*a*b* color scale range and
demonstrate an improvement over similar colored composiies without the intrared reflective
10 addiive,
G362 Various embodiments i this disclosure with L™ values in the darker range, ot
below SO, are capable of achieving very desirable surface emperatures and drastic reductions
in heat buld-up compared to conventional matenals with simtar LY values, Articles with
comparable L* values possess much higher ouldoor heat buildap values than articles
15 meorporating the additive of this disclosure. For example, an article produced in accordance
of this disclosure may exhubit an cutdoor heat butld-up value more than 10 °F {about -12 °C},
20 °F (abowt -7 “C) or 30 °F (about -1 °C) lower than an article with 2 comparable L.¥ vahie.
LHERY Additionally, capstock Tormulations contemplated by this disclosure may have
surface temperatures that are as much as 30 °F {about -1{ °C) lower than conventional

20 capstock articles having simular coloration according to CIE L¥a%b* color scale coordinates.

t
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SAMPLE PREPARATION
30641 HDPE and colorants were dry blended in a plastic bag and gravimetrically fed into
a 11 mm twin screw extruder {commercially available from Thermo Scientific, 4G:1 L:D).

The compounding was performed at a 190 °C flat temperature profile for all zones except that

A

the die temperature was 180 °C. The compounds were extruded into strands and pelletized
into peliets approximately -2 mm in length. The resulting compound was compression
molded o 6,125 mm x 10 em x 10 em plaques using a laboratory hot press {(commercially
avaulable from Carver Inc.) at 180 °C and 5 tons pressure.  The plagques were cooled and
tested for color using a iab colorimeter. The heat build-up {expressed in HBU or heat build-
10 up umts in the table below) was determined using two methods. In the first method, samples

were tested using a hot box affixed with a heat lamp as specified in ASTM D4803-10.

Results tor ASTM D48033-10 are caleulated refative to a black control sample with an

expected maximum outdoor temperature rise of 90 °F {approximately 32 °C) above ambient.

The second method mvolved determining the outdoor beat build-up (GIR).  In this method,
{5  sampies were placed outdoors in horizontal exposure in Florida during mid afterncon. The
sampies were allowed to equilibrate for 2 hours and the surface temperature was determingd
with an IR gun. Outdoor exposure HBU was extrapolated relative to white and black
controis. Per ASTM D4803-10, standard black HBU 15 90 °F {(approximately 32 °C) while

that tor standard white 1s 14,6 °F {approximately -108 °C).

2{)
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TABLE 3 EXPERIMENTAL RESULTS
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FHLGRY Comparative example CE! demonstrates the heat build-up characteristics of a
compostie containing a combination of infrared reflective colorants, but without the thermally
erpissive filler, CEZ and CE3 demonsirate the beat build-up characteristics of composites

containing a combination of infrared reflective and infrared transparent colorants, but without

a

the thermally emissive filler. CE4 and CES demonstrate the typical L* value and heat build-
up properties of white and black colored specimens. CES illustrates the HBU values of a
generally dark colored composite with L¥ values comparable to Examples 3, 4 and 3.
bxamples 1-8 demonstrate the use of the entire infrared reflective additive of this disclosure

significantly reduces the surface temperaiure and heat butld-up over articles not POSSESSINgG

iU the same additives but simitlar CIF L¥a®b* characteristics.

{366 Fhe reduction in heat build-up per ASTM D4803-10 for Examples 1-6 and

{Compargtive Examples CE1-CES are ilhstrated in FIG. 2. FIC, 2 demonsirates that
compasites produced with the infrared reflective additive and similar colorants with closely
related L¥ values exhibit lower HBU values. Similarly, FIG. 3 depicts a reduction in surface
13 tenperatures for composites with the infrared reflective additive over the Comparative
Examples.
36T Although specific embodiments have been illustrated and described herein for
purposes of description of the preferred embodiments, it will be appreciated by those of
ordinary skill m the art that a wide variety of sliernate or equivalent implementations
20 caleulated to achieve the same purposes may be substituted for the specific embodiments
shown and described without departing from the scope of this disclosure. This application is
mtended to cover any adaptations or variations of the preferred embodiments discussed
nerein.  Therefore, 1t 1s mantfestly intended to only be limited by the claims and the

equivalenis thereof,

22
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CLAIMS
What is ciaimed is;

1. A composition comprising an infrared reflective additive baving one or more infrared
coiorants and a thermally emissive filler, wherein the infrared reflective additive is suitable

tor melt processing.

2. Fhe composition of according to claim 1, further comprising a polymer matrix with

the intrared reflective additive blended therein to form & polymer composite.

3. An article comprising:

(a) a wood plastic composite core having a peripheral surface; and

(b} a capstock bonded to at least a portion of the peripheral surface of the wood plastic
coraposite core, wherein the capstock comprises a polymer matrix with an infrared reflective

additive blended therein, the infrared reflective additive comprising one or more infrared

reflective colorants and a thermally emissive filler.

4. A method comprising melt processing a polymer matrix and an infrared reflective
additive having one or more infrared reflective colorants and a thermally emissive filler to

form a polyrmeric composite.

3. FThe compoesition according to claim 1, the articie according to claim 3, or the method

according to claim 4, further comprising one or more infrared transparent colorants.,

23
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0. The composition according to claim 1, the article according to claim 3, or the method

according to claim 4, wherein the thermally emissive filler is boron nitnide.

7. The composition according to claim 2, the article according to claim 3, or the method
according to claim 4, wherein the polymer matrix compriscs a polyethylene, a polypropylene,
a polyolefin copolymer, a functionalized polyolefin, a polystyrene, & polystyrene copolymer,
a polyacrylate, a polymethacrylate, a polyester, a polyvinylchloride, a fluoropolymer, a
poljrmnidc, a polyether imide, a polyphenylonc sulfide, a polysulfone, & polyacetal, a
polycarbonate, a polyphenylene oxide, a polyurcthane, a thermoplastic elastomer, an epoxy,

an alkyd, a melamine, a phenolic, a urea, a vinyl ester, or combinations thereof.

8. The composition according to claim 2, the article according to claim 3, or the method

according to claim 4, wherein the polymer matrix comprises a crosslinkable polymer.

9. The composition according to claim 2, the article according to ctaim 3, or the method

according to claim 4, further comprising an organic or inorganic filler.

10.  The composition according to claim 2 or the method according to claim 4, wherein

- the polymeric composite comprises an L* value according to CIE L*a*b* color scale

coordinates of less than 50 and a heat build-up according to HBU (OIR) of less than 60 °F.

11.  The composition according to claim 2 or the method according to claim 4, wherein

the polymeric composite comprises a heat build-up according to IIBU ASTM-D4803 of less

than 60 °F.

24
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12.  The article according to claim 3, wherein the capstock comprises an L* value
according to CIE L*a*b* color scale coordinates of less than 50 and a heut build-up
according to HBU (OIR) of less than 60 °F.

13.  The article according to claim 3, wherein the capstock comprises a heat build-up

according to HBU ASTM-D4803 of less than 60 °F.

14, A composition according to claim 2, wherein the polymeric composite forms at lcast a

portion of decking, fencing, railing, roofing, siding, packaging, paint, film, fibers or textiles.
15. A method accarding to claim 3, wherein the melt processing comprises extrusion,

16. A method according to claim 12, wherein the polymeric composite is a capstock

extruded onto at jeast a portion of & periphéry of a wood plastic composite core.

25
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Fig. 3

Max Predicted HBU OIRvs L™ Value from Forida Outdoor Surtace IR Temperature Dala
;Exirapaiatec Assuming Siar*dard Biackis 90 Fand Slandard White s 14.6F
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