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conposi tions including such dispersions and articles

made using such dispersions. [2] D spersions, which

are solutions of fine particles evenly distributed in

a medium are used to manufacture nmany different types
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di.ameter that is not greater than 60 nanoneters. [4]
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10 wt % to about 95 wm % of at | east one organi c sol vent

based on the total wei ghtSemm#$tg di spersion; about 5

wt % to about 80 wt % of nanoparticles, wherein the
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that is not greater than 60 nanoneters; and about 10
W% to about 50 wt% of at |east one radiation curable
nononer based on the total weight of the conposition.
[6] Disclosed herein is a conposition that includes
about 40 wt % to about 50 wt % of a di spersion that
i ncl udes about 10 wt % to about 95 wm % of at | east one
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[0017] As used in the context of a dispersion or a
conposition, a "weight percent relative to X' or "wt-%
whawemswss X' of a particul ar conmponent refers POI/UK®09/030075
amount (by weight) of the particular conmponent in the
dispersion or conposition with respect to the anount
ight) of X. For exanple, a "weight percent of A
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| oadli ng as % based on the total weight
tthe tadalspaglgiod mhe fitins pbowi2Onst’a® desc4l bed deradiatiaagurable

OB s Tt TREM T 4or T gRd SR 23 B Aparel R8s ofa
lfcg prlA R -y Shiflc eFbIAYELRED TRSE] RbighO&Ah&GIm, wherein

still using relatively small anounts of

dlspersants Smal | er anpbunts _of dispersants can be
advant ageous because dlspersénts can be relatively
expensi ve when conpared wth other conponents of a

di spersion. The added expense is al so undesirable
because the dispersant is only advantageous from a
processi ng standpoi nt and generally does not enhance
the flnal propertles of an artlcle that IS nade usi ng
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ot her conponent of the dispersion, the mxture is

di spersed. Cenerally, the function of the dispersing
wWee@p/ogd3zo forma dispersion, including a nmajBRCT/U§2009/030075

aggl onerates with a subm cron dianmeter. Any nethod

that can produce such a conposition fromthe starting

materials can be utilized herein. Gbnerallﬁ sol utions
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majority of agglonerate S|zes that are greater than
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Wor ks, nc ngton DE, for exanple).
[m@mbmlmrespodwmmas copsyméetimdehen theriotebhweigbhefithe lagehe
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di spersion 1 ncludes at |east one sol vent,
rafegmermefibyesiii.at | east one d|spersant wherein the
di spersion includes aggl onerates of the nanoparticles
and a majority of the aggl onerates have an average
dianeter that is not greater than 60 nanoneters. O her
opti onal conponemdefddesceiption bétleddedvings t he
di spersion, such as polynerizabl e nononers, for
eoanyl e Jae pfeamﬁhsc[daﬁ%hdy bk SIpRY Singictaly uhdsSool ¢l
herei n i ncl udes, at one saolvent, The at_ | east one
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IngetRexitaricePan®! (referred to herein as "PM"),
met hyl” et hyl ketone (referred to herein as "MEK"),
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propyl acetate I soanmyl ketone (M
anehmm@rﬁEEEﬁNEK or a conblnatlon t her eof . Another
exenpl ary di spersion includes a m xture of an ester

and a ketone. [0035] An exanpﬁe of a dispersion as

descri bed herein can include fromabout 10 wt%to

about 90 wt % of at | east one sol vent based on the

total weight of the dispersion. An exanple of a

di spersion as described herein can include from about
15 mﬁ@bto 50 mﬁ@bof at Ieast ~one solvent based on the
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(10000x Sanpl ewei ght) = BaseEquivalent Titre x F Were
Fis the factor of 0.1 MHCL In an exenpl ary

waele®pesesdn, a pol ycaprol act one- pol yam ne di speCHHSL009/030075

that can be utilized has a BE of from about 680 to
about 820. [0045]1n polyneric dispersions that include
poI am ne groups, the amne nol ratio can al so be used
re Spukithe disrloyurg dsapensbledp ypapwaned licaions aaghalignative
r
3“023%%.% it hASoPHARHES) B Iy RFLIG HBtc fithe frawings and will
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NHEh§aN 1srf9g9€ér afl rﬁ&ﬁﬁ%ﬁﬁ? eﬁwen%nﬂ&’aﬁie&a@ifv& f&ﬁln within the
di spersant. The sanple is tested wth NVR and §
p@aMsmﬂhaumaﬁéhammﬂobmtabIe to the an1ne functlonallty
are integrated, and the areas of those peaks are
conpared wi th the ot h®etgikdkBescriptibe di spersant to
obtain the ratio of the am ne peak to the ot her peaks.
| 0085] eXanp ey pdlyeRer 8 Qblyrderic” will be understood to include
pol ycapr ol act one- polyan1ne di spersant that can be
walymersdeopalymeass (rd- riolymers fened wingfthorar awae diffagent gnonomers),
%&@aegsr i dI 38 n%ea?%ﬁwe%r#fe J@erl)lea{sﬁal %er?,ho OmELS, pr. copolymers.

LIBllob]K Zedft, hmd ramOamopelmmdrs mtmc:lu@a‘d, gnile@tiﬁdlcﬁtha pthaboigé.
23. In an exenplary dispersion, a
pobysiapr Ondst efRrwio Mﬁlﬁ@afb@l gl speb&eBkprefiatg atrddzes, amounts,
utilized has an amine nol ratio of greater than about
2md hyead|popiesiidsi useh bl e aprcoiation ﬁ@‘? plainsaate frebe understood as
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I®a3Mmdmafpolycaprolactone-polyanine di spersant based
on the wei ght of the nanoparticles in the dispersion.
AnoERanplAs wéd @ tle sm&e;aio(ﬁa diaspedamciriaehpositieha Gaight percent
i ncl.ude from about wt % tg about 25 wm % of at | east
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LRI EtY bf ﬁle%ﬁﬁsglﬁb@ gwﬁghmsq»élggcg her Giefuhe 0 or a “weigh

i ncl'ude from about %to about 17.5 W % of

| resemt ohé rplenwztwdi’bﬂeéars e polighant Hevith wppecs tmthe veesghd of B
on t I ght Qf the nanoparticles in the dispersion.
ﬂ%ﬁ%g?f¥5 %gﬁgﬁsions t hat include

pal ycapr gl act one- acid co S ers nts, the
a@pﬁf?}v al SJ@ R B aﬁ%‘é rfers ﬁ‘b B%‘El?tﬁ% 'y Q:?EQE%I%EY to
péi’l'oﬂfé@ Efeﬁieﬁﬁétﬁrlﬁﬂﬁhéé%ﬁé Qleﬁl‘%{?@lté(tf%fn% Jﬂé%hoﬁ@ﬁarﬁﬁfurther includes
utilized. The acid value is the anount of base that is
ribedisthents beingrssparatet by aot o totg leygs dobosdddetivepdhsenments.
and is a neasure of the acid concentration in a

di spersant. A higher acid value (AV) nunber inplies

that nore base is necessary to titrate the acidic
groups on the dispersant and therefore the dispersant

is strongly basic; and conveﬂsely, a | ower AV nunber
inmplies that | ess base was necessary to titrate the
acidic groups on the dispersant and therefore the

di spersant is weakly acidic. [0049] One net hod of

eval uating the acid value (AV) of a dispersant is as
folloms Flrst the factor of an alcohollc potaSS|um
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[0053] I n exenpl ary di spersions, the AMA can i ncl ude,
but is not limted to, Cytec EBECRYLO 3703, Cytec
WEBBOR16 7100, Sartoner CN2100, and conbi nat i BEEUS2009/030075
thereof In an exenplary dispersion that includes
Lubri zol SOLPLUSO D510, either Cytec EBECRYLO 3703,
ﬁ%tec EBECRYLO 7100, Sartonmer CN2100, or sone
M9Inat iTHp recHatiene! maperisat lages iyyendpaistsyaclndes| aliguabers

[ r h t4:0

UL AR TR0 PSR, 105 20T . and 5 an
gmyanadd withinchatdengbr om about 0.5 vvt % to 10 wt % of one

or nore polycaprol actone-pol yam ne di spersant based
qlﬂ()tﬁ]e Wes@Réd Bf thiskpedifieudiparahd ﬂi&@{pbﬁﬁeﬁwlﬁlﬂs Shekisp@ar forms

“ ” 0.5 vvt%tg about 20 wt % of at [east one ANMA based
£ T8 veaid g e el udeep |nsh eserents enkess the comfentdilepslyrdictaies
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naclapey tivoadresort Rolvbres dAS pesdsin olnis apetificasisn hiildifheabpeﬁdea Qlaims,
% Cyt ec, EBECRYL.O 3703 based on the weigh
rmfﬁa%%lalr ©OF cisesnstally papleye ibuglr%% ssheC AFIERe: egeh “i?S;% the content

di| SRET EQRs bitelwides not more than 8 wt % of Lubri zol
SOLPLUSO D510 based on the weight of the nanoparticles
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i ncl udes, not re.than 6 vvt% SOLPLUSO D510 based on
tFHROURES Ve %ﬂﬂ?tﬂg%rﬁga&aﬁlm m%n%s difipefsants; lgng iy stability
: £3Sorh ff@lgb&ﬁ%t arrPsotiPa ggloéaﬁ{e% I 2 Q0rPRATRHOR NN EBEF at

wei ght e nanopart| es In the di sper si on.
[0OmStmperatirsper si ons as descri bed herein can al so be

conbi ned wth other conponents to nake conpositions

t[0622]c an Digpctiiodsiag ddschibed Harinaias pagppdd m@ttivelysmglﬂﬁ)admg
exanpl e,  a dlsper5|on as described herejn can

coningeef RAFtidiesatHigheramayits of dispsised Rardiglean Wﬁbﬁé}spmwn
[QB%]tl%lﬁsteaoqlsﬁlaﬂ?d\LO%ﬂl%fctHé al*@{)ﬁsﬁﬁnpm%%&eg %Eﬂéqgss volume of
products of acrylate and/or mnethacryl ate nononer
She dispéersioaunisabe ed@draaéagalembllymmbgdvmdgedes dmmpmmhmekiose

%le _lasfrgfet{%to fute Slglgr t t&t eqaéiﬁgqi t ?@f b?etrevglume
r@ff@éhce% toYdafh %umgqm%s; arfdl tAE QBAINGA 6FaBRE wmaﬁt@%f ¥iddnBous
2- phenoxyet hyl acrylate, and a hexa-functi onal

agoomeneess (¢-gtshbvset, asry Ilhtsreerswmsga@rﬁ@scnbaé hesgreanasc material

ToRinen bighRs 78 t2ndil e R Bk SHBF FisSiraPl pipersions as

Uistricdardi@eArndlkORaveUhAbli 8 1aRNANBEgh &C6(Welk ®8scdld the total
used in a nunber of applications because of their high

reeieht afithg/dispaigion.abispersings et AatsTibeippeingen ebphayhinagrial

C h
PRS0 5 10 ey BB RELR BBl Bhons
tdeecmi&nrpﬁsdlﬁ banalsd?ismetmataudlléaaiafg & Hgnad3) Witk dascdron the total
di - funct onal nononers such as, for exanple, SR-339,
SP@E%@ SPYSIOBR. 395, SR-440, SR-506, CD- 611,

SR—212 SR-230, SR-238, and SR-247 available from
d802Hrer Diwersiqstas descphed ggincan haeehigh neteregd sdenganale still

ST RO g SR s e

vadt9geoubi 5&1&5@6115153%15 &VSZGan G2 BABY exfaNsi9¢ Svhan @ompince with
from Sartonmer Co. Pa. and Ebecryl 1608, 3200,

Sozbq cog@ggentgg@asdlsgef@gn 3717@1ddeé@gpeq§9§;§ ) GSI because the
9220, 4827, 4849, 6602, 6700 20T available from

Surface Specialties, Snyrna, SGa. Additionally, a

mul ti-functional crosslinker can assist in providing a
durabl e, high crosslink density conposite matri x.

Exanpl es of multi-functional nononers include but are

not limted to SR-295, SR 444, SR-351, SR-399, SR-355,

and SR- 368 avallable fron1Sartoner CD Exton Pa. and
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[ 0065] Exenpl ary conpositions as described herein can
be coated into filns and dried to renove the sol vent,

W@ b@osgand sol vent, or both. After such dryi nBCT/UR09/030075
anounts of the various conponents (based on the total
wei ght of the dried film would change. In one
enbodinent, a filmthat utilizes_ a dispersion as
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Cytec Industries, Inc. (West Paterson, NJ).
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laccg/ﬁlghshleg using any method known to those of skill in the art, including but not
limited to, the use of an ultrasonicator (Misonix, Farmingdale, NY or VirSonic
Ultrasonic, VirTis — an SP Industries Company, Gardiner NY for example),
microfluidizer® (Microfluidics Corp. Newton, MA for example), homogenizer
(Gaulin 15 MR-8TA homogenizer from APV Gaulin, Minneapolis, MN, for example),
media mill (MiniCer from Netzsch Incorporated, Exton, PA for example), or high

shear mixing (Ulta-Turrax mixer from IKA Works, Inc. Wilmington DE, for example).

[0032] Dispersions as described herein can generally be mixed, dispersed, or a
combination thereof until the desired particle size is obtained. Some dispersions

described herein can be mixed for about 10 minutes, about 20 minutes, about 30
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minutes, about 45 minutes, about 60 minutes, about 90 minutes, about 150 minutes,
about 180 minutes, about 210 minutes, about 240 minutes, or some other amount of

time.

[0033] Dispersions as described herein generally include at least one solvent,
nanoparticles, and at least one dispersant. One example of a dispersion includes at
least one solvent, nanoparticles and at least one dispersant, wherein the dispersion
includes agglomerates of the nanoparticles and a majority of the agglomerates have an
average diameter that is not greater than 100 nanometers. Another example of a
dispersion includes at least one solvent, nanoparticles and at least one dispersant,
wherein the dispersion includes agglomerates of the nanoparticles and a majority of
the agglomerates have an average diameter that is not greater than 60 nanometers.
Other optional components can also be added to the dispersion, such as polymerizable

monomers, for example acrylates.

[0034] A dispersion as described herein includes at least one solvent. The at least
one solvent that is included in the dispersion functions as the medium in which the
nanoparticles are suspended. An example of a dispersion as described herein includes
at least one organic solvent. An example of a dispersion as described herein includes
at least one polar organic solvent. An example of a dispersion as described herein
includes 1-methoxy-2-propanol (referred to herein as “PM”), methyl ethyl ketone
(referred to herein as “MEK”), methyl isobutyl ketone (MIBK), butyl acetate, methyl
propyl acetate (MPA), methyl isoamyl ketone (MIAK), acetone, EEP/MEK or a
combination thercof. Another exemplary dispersion includes a mixture of an ester and

a ketone.

[0035] An example of a dispersion as described herein can include from about 10
wt% to about 90 wt% of at least one solvent based on the total weight of the
dispersion. An example of a dispersion as described herein can include from about 15
wt% to 50 wt% of at least one solvent based on the total weight of the dispersion. An
example of a dispersion as described herein can include from about 20 wt% to 30 wt%
of at least one solvent based on the total weight of the dispersion. An example of a
dispersion as described herein can include about 25 wt% of at least one solvent based

on the total weight of the dispersion.
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[0036] A dispersion as described herein includes nanoparticles. The nanoparticles
are generally infrared absorptive, conductive, or both infrared absorptive and
conductive. In an example, the nanoparticles generally function to provide an infrared
absorptive or conductive property to an article that is made using the dispersion.
[0037] In an example where the nanoparticles are infrared absorptive particles, the
infrared light absorbing particles can be chosen to create an article with an acceptable
level of haze. Generally, particles in an optical layer begin to have an effect on haze as
the particles increase in size. In one embodiment, particles that are a factor of 10 X
smaller than the relevant wavelengths (i.e. visible light) will not impact the haze of the
layer to an unacceptable degree. In one such embodiment, an article with haze values
not greater than about 5% is generally considered acceptable. In another example, an
article with haze values not greater than about 3% is generally considered acceptable.
[0038] In one embodiment, the infrared light absorptive particles include metal
oxide particles. In examples where the dispersion will be used to make an infrared
absorptive layer, other optical properties of the particles become relevant. Oxide
nanoparticles are typically colored and absorb in different portions of the
electromagnetic spectrum. It can be desirable for an optical article to have high visible
light transmission while rejecting as much infrared radiation as possible. Infrared
radiation generally refers to electromagnetic radiation between 780 nm and 2500 nm.
In one embodiment, the concentration of metal oxide nanoparticles (such as those
exemplified below) is generally chosen such that near 100% extinction is achieved at
wavelengths higher than 1800 nm; and in another embodiment 100% extinction is
achieved at wavelengths higher than 1500 nm. At such concentrations, visible light
transmission of at least 50% is desired; and in another embodiment visible light
transmission of at least 70% is desired.

[0039] Exemplary metal oxide nanoparticles that can be used as infrared
absorptive particles in dispersions as disclosed herein include, but are not limited to
tin, antimony, indium and zinc oxides and doped oxides. In some embodiments, the
metal oxide nanoparticles include, tin oxide, antimony oxide, indium oxide, indium
doped tin oxide, antimony doped indium tin oxide, antinomy tin oxide, and antimony
doped tin oxide or mixtures thereof. In some embodiments, the metal oxide

nanoparticles include tin oxide or doped tin oxide and optionally further include
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antimony oxide and/or indium oxide. The nanoparticles can have any useful size such
as, for example, from about 1 to about 100, from about 4 to about 50, from about 10 to
about 20, or about 15 nanometers. In some embodiments, the metal oxide
nanoparticles include antimony tin oxide or doped antimony tin oxide dispersed in a
polymeric material or coated on an underlying particle.

[0040] In one embodiment, dispersions as disclosed herein include a sufficient
amount of infrared absorptive particles to provide an article that delivers a desired
amount of infrared absorption. In an example of a dispersion as disclosed herein, the
infrared absorptive particles are present in a range from about 5 wt% to about 80 wt-%
based on the total weight of the dispersion. In an example of a dispersion as disclosed
herein, the infrared absorbing particles are present in a range from about 40 wt% to
about 75 wt-% based on the total weight of the dispersion. In an example of a
dispersion as disclosed herein, the infrared absorbing particles are present in a range
from about 50 wt% to about 70 wt-% based on the total weight of the dispersion. In an
example of a dispersion as disclosed herein, the infrared absorbing particles are present
in a range from about 60 wt% to about 70 wt-% based on the total weight of the
dispersion. In an example of a dispersion as disclosed herein, the infrared absorbing
particles are present in a range from about 60 wt% to about 80 wt% based on the total
weight of the dispersion.

[0041] In an exemplary dispersion that can be used to manufacture an article
having conductive properties, the amount of the nanoparticles can be chosen at least in
part based on the level of conductivity that the final article is desired to have. In an
example of a dispersion as disclosed herein, the conductive particles can be present in
a range from about 5 wt% to about 80 wt-% based on the total weight of the
dispersion. In an example of a dispersion as disclosed herein, the conductive particles
can be present in a range from about 40 wt% to about 75 wt-% based on the total
weight of the dispersion. In an example of a dispersion as disclosed herein, the
conductive particles can be present in a range from about 50 wt% to about 70 wt-%
based on the total weight of the dispersion.

[0042] A dispersion as disclosed herein includes at least one dispersant. A
dispersant generally creates an interface layer that can render the particle and the

medium (solvent and/or monomer/polymer) compatible to prevent the particles from
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groups, base equivalence can be used to more specifically describe dispersants that can
be utilized. The base equivalence is the amount of acid that is needed to titrate the
basic groups of the dispersant, and is a measure of the base concentration in a
dispersant. A higher base equivalence (BE) number implies that less acid is necessary
to titrate the base groups on the dispersant and therefore the dispersant is weakly basic;
and conversely, a lower BE number implies that more acid is necessary to titrate the
base groups on the dispersant and therefore the dispersant is strongly basic.

[0044] One method of evaluating the BE of a dispersant is as follows. A blank
solution is prepared by adding 10 drops of Bromophenol Blue indicator (0.2% w/w)
and 0.1 ml of N/10 hydrochloric acid (0.1 M) to a solution of 100 ml dichloromethane
(AR grade) and 100 ml isopropanol (AR grade, previously neutralized to bromophenol
indicator). The sample solution is prepared by accurately weighing an amount of the
sample to be tested into a 250 ml flask and adding 100 ml of dichloromethane (AR
grade). The sample is stirred (but not heated) on a magnetic stirrer (using a white stir
bar — colored stir bars will affect the end point determination) until it is fully dissolved.
100 ml of isopropanol (AR grade) and 10 drops of bromophenol blue indicator (0.2%
w/w) are then added to the sample. The sample is then titrated with N/10 hydrochloric
acid (0.1 M) to a bright yellow end point that matches the color shown by the blank

solution. The base equivalent (BE) is given by the formula below:

(1 0000 x Sampleweight)
Titre x F

Where F is the factor of 0.1 M HCl1

= BaseEquivalent

In an exemplary dispersion, a polycaprolactone-polyamine dispersant that can be utilized

has a BE of from about 680 to about 820.

[0045] In polymeric dispersions that include polyamine groups, the amine mol
ratio can also be used to more specifically describe dispersants that can be utilized in

the dispersion. The amine mol ratio describes the relative number of amine containing
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groups in the polymeric dispersant, which is an indication of the strength of the
polymer as a base. The amine mol ratio can be determined based on a nuclear
magnetic resonance (NMR) analysis of the dispersant. The sample is tested with
NMR, and the peaks that are attributable to the amine functionality are integrated, and
the areas of those peaks are compared with the other peaks in the dispersant to obtain
the ratio of the amine peak to the other peaks. In an exemplary dispersion, a
polycaprolactone-polyamine dispersant that can be utilized has an amine mol ratio of
from about 20 to about 30. In an exemplary dispersion, a polycaprolactone-polyamine
dispersant that can be utilized has an amine mol ratio of greater than about 23. In an
exemplary dispersion, a polycaprolactone-polyamine dispersant that can be utilized

has an amine mol ratio of greater than about 25.

[0046] Specific polycaprolactone-polyamine dispersants that can be utilized in
dispersions as described herein include, but are not limited to, Lubrizol SOLPLUS®
D510, Lubrizol SOLSPERSE® 39000, Lubrizol SOLSPERSE® 38500, Lubrizol
SOLSPERSE® 32000, Lubrizol SOLSPERSE® 24000, or a combination thereof.

[0047] An example of a dispersion as described herein can include from about 0.5
wt% to about 50 wt% of at least one polycaprolactone-polyamine dispersant based on
the weight of the nanoparticles in the dispersion. An example of a dispersion as
described herein can include from about 5 wt% to about 25 wt% of at least one
polycaprolactone-polyamine dispersant based on the weight of the nanoparticles in the
dispersion. An example of a dispersion as described herein can include from about 10
wt% to about 20 wt% of at least one polycaprolactone-polyamine dispersant based on
the weight of the nanoparticles in the dispersion. An example of a dispersion as
described herein can include from about 12.5 wt% to about 17.5 wt% of at least one
polycaprolactone-polyamine dispersant based on the weight of the nanoparticles in the

dispersion.

[0048] In dispersions that include polycaprolactone-polyacid copolymer
dispersants, the acid value can be used to more specifically describe polycaprolactone-
polyacid copolymers that can be utilized. The acid value is the amount of base that is
needed to titrate the acidic groups of the dispersant, and is a measure of the acid

concentration in a dispersant. A higher acid value (AV) number implies that more
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base is necessary to titrate the acidic groups on the dispersant and therefore the
dispersant is strongly basic; and conversely, a lower AV number implies that less base
was necessary to titrate the acidic groups on the dispersant and therefore the dispersant
is weakly acidic.

[0049] One method of evaluating the acid value (AV) of a dispersant is as follows.
First the factor of an alcoholic potassium hydroxide (KOH) solution must be
determined by titrating a 25.0 ml of 0.1 M hydrochloric acid with the alcoholic
potassium hydroxide solution (50 parts (by volume) toluene (AR grade), 25 parts (by
volume) ethanol 640P (AR grade), and 25 parts (by volume) n-butanol (AR grade))
using phenolphthalein as an indicator. The factor of the alcoholic KOPH is given as

follows:

250x F
Titre

=KOH Factor

Where F is the Factor of 0.1 M hydrochloric acid

The sample solution is prepared by accurately weighing from 4.0 to 5.0 g of the sample
into a dry 250 ml conical flask and dissolve it in 100 ml of mixed solvent (50 parts (by
volume) toluene (AR grade), 25 parts (by volume) ethanol 640P (AR grade), and 25 parts
(by volume) n-butanol (AR grade)) that has been previously neutralized to
phenolphthalein with 0.1 M alcoholic KOH. The solution is then titrated with 0.1 M
alcoholic KOH using phenolphthalein as an indicator. The acid value of the sample is

then calculated by:

Titre x KOHfactor x 5.61
Weightofsample

= Acid Value as mg KOH/g.

In an exemplary dispersion, a polycaprolactone-polyacid dispersant that can be utilized

has an acid value of from about 200 to about 240.

[0050] Specific polycaprolactone-polyacid dispersants that can be utilized in
dispersions as described herein include, but are not limited to, Lubrizol SOLPLUS®
D520, SOLSPERSE 36000, and SOLSPERSE 41000

[0051] An example of a dispersion as described herein can include from about 0.5

wt% to about 50 wt% of at least one polycaprolactone-polyacid dispersant based on
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the weight of the dispersion. An example of a dispersion as described herein can
include from about 5 wt% to about 25 wt% of at least one polycaprolactone-polyacid
dispersant based on the weight of the nanoparticles in the dispersion. An example of a
dispersion as described herein can include from about 10 wt% to about 20 wt% of at
least one polycaprolactone-polyacid dispersant based on the weight of the
nanoparticles in the dispersion. An example of a dispersion as described herein can
include from about 12.5 wt% to about17.5 wt% of at least one polycaprolactone-

polyacid dispersant based on the weight of the nanoparticles in the dispersion.

[0052] Dispersions as described herein can optionally include amine modified
acrylates. In embodiments where the dispersion is to be combined with acrylates, the
addition of amine modified acrylates can function to simultancously adsorb to the
surface of the nanoparticle and suspend the acrylate chains thereof in the dispersion,
which may allow the dispersion and the components thereof to chemically react with
the acrylates it is to be combined with. Generally, any amine modified acrylates
(AMAS) can be combined with the dispersion. Generally, the chain length of the
AMA is a compromise between too long chain length AMAs which will readily leave
the particle surface and too short chain length AMAs which do not provide adequate
shielding of the particles from the medium. Other considerations that can affect the
particular choice of AMA include, but are not limited to, the amount of AMA that is to
be used; what kind of amine the AMA is (e.g. secondary or tertiary); the location of
the amine within the polymeric chain; the concentration of the amine within the AMA,
and the total molecular weight of the AMA. The AMA generally functions as a
dispersant, but is a ‘reactive dispersant’. It may not be as efficient as a “regular”

dispersant, but can minimize the amount of the “regular” dispersant that must be used.

[0053] In exemplary dispersions, the AMA can include, but is not limited to, Cytec
EBECRYL® 3703, Cytec EBECRYL® 7100, Sartomer CN2100, and combinations
thereof. In an exemplary dispersion that includes Lubrizol SOLPLUS® D510, either
Cytec EBECRYL® 3703, Cytec EBECRYL® 7100, Sartomer CN2100, or some

combination thereof can optionally also be included.

[0054] In an exemplary dispersion that optionally includes one or more AMAsS, the

dispersion can generally include from about 0.5 wt% to 10 wt% of one or more
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polycaprolactone-polyamine dispersant based on the weight of the nanoparticles in the
dispersion and 0.5 wt% to about 20 wt% of at least one AMA based on the weight of
the nanoparticles in the dispersion. Another exemplary dispersion includes not more
than 5 wt% SOLPLUS® D510 based on the weight of the nanoparticles in the
dispersion and less than about 20 wt% Cytec EBECRYL® 3703 based on the weight
of the nanoparticles in the dispersion. Another exemplary dispersion includes not
more than 8 wt% of Lubrizol SOLPLUS® D510 based on the weight of the
nanoparticles in the dispersion and less than about 20 wt% Cytec EBECRYL® 7100
based on the weight of the nanoparticles in the dispersion. Another exemplary
dispersion includes not more than 6 wt% of SOLPLUS® D510 based on the weight of
the nanoparticles in the dispersion and less than about 20 wt% of Sartomer CN2100

based on the weight of the nanoparticles in the dispersion.

[0055] The dispersions as described herein can also be combined with other
components to make compositions that can be utilized for various applications. As
one example, a dispersion as described herein can be combined with at least one

radiation curable monomer.

[0056] Suitable radiation curable monomers include products of acrylate and/or
methacrylate monomers. Specific suitable curable monomers include brominated,
alkyl-substituted phenyl acrylate or methacrylate (e.g., 4,6-dibromo-2-sec-butyl phenyl
acrylate), a methyl styrene monomer, a brominated epoxy diacrylate, 2-phenoxyethyl
acrylate, and a hexa-functional aromatic urethane acrylate oligomer, as described in
U.S. Pat. No. 6,355,754. While most types of energy polymerizable telechelic
monomers and oligomers are useful as radiation curable monomers, acrylates are used
in a number of applications because of their high reactivity. The radiation curable
monomer containing composition should be of a flowable viscosity that is low enough
that air bubbles do not become entrapped in the composition. Reactive diluents can be
mono- or di-functional monomers such as, for example, SR-339, SR-256, SR-379, SR-
395, SR-440, SR-506, CD-611, SR-212, SR-230, SR-238, and SR-247 available from
Sartomer Co., Exton, Pa. Typical useful oligomers and oligomeric blends include but
are not limited to CN-120, CN-104, CN-115, CN-116, CN-117, CN-118, CN-119, CN-
970A60, CN-972, CN-973A80, CN-975 available from Sartomer Co., Exton, Pa. and

Ebecryl 1608, 3200, 3201, 3302, 3605, 3700, 3701, 608, RDX-51027, 220, 9220,
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4827, 4849, 6602, 6700-20T available from Surface Specialties, Smyrna, Ga.
Additionally, a multi-functional crosslinker can assist in providing a durable, high
crosslink density composite matrix. Examples of multi-functional monomers include
but are not limited to SR-295, SR-444, SR-351, SR-399, SR-355, and SR-368
available from Sartomer Co., Exton, Pa. and PETA-K, PETIA and TMPTA-N
available from Surface Specialties, Smyrna, Ga. Multi-functional monomers can be
used as crosslinking agents to increase the glass transition temperature of the product

that results from the curing the composition.

[0057] The amount of one or more radiation curable monomers that can be
included in a composition can depend at least in part on the final application of the
composition and the particular radiation curable monomer that is being used. In an
exemplary composition that utilizes a dispersion as described herein, from about 10
wt% to about 50 wt% of at least one radiation curable monomer based on the total
weight of the composition can be included in the composition. In another exemplary
composition that utilizes a dispersion as described herein, at least about 20% of at least
one radiation curable monomer based on the total weight of the composition can be
included in the composition. In another exemplary composition that utilizes a
dispersion as described herein, at least about 25% of at least one radiation curable
monomer based on the total weight of the composition can be included in the
composition. In another exemplary composition that utilizes a dispersion as described
herein, at least about 30% of at least one radiation curable monomer based on the total

weight of the composition can be included in the composition.

[0058] A composition that includes a dispersion as described herein and at least
one radiation curable monomer can also optionally include a second solvent. It should
be noted that the optional second solvent need not be a different solvent than that
which is included in the dispersion, but in such a case is referred to as a second solvent
only because it is added later in time, after the dispersion has already been formed.
The second solvent can function to aid in the mixing of the dispersion and the at least
one radiation curable monomer, aid in the compatibility of the dispersion and the at
least one radiation curable monomer, or a combination of both. The second solvent is
generally an organic solvent, and can be the same or different as the solvent that is

contained in the dispersion. Where the solvent is different than the solvent in the
17



22.5 60 64 30 30 63 30 60 63 SOLSPERSEO 385000 10 3
507 12.5 3 588 15 4 365 17.5 30 155 17.5 60 117
W 7009/089133 PCT/US2009/030075

dispersion, the second solvent can generally be compatible with the solvent in the
dispersion so that two different phases are not formed upon mixing the dispersion with

the at least one radiation curable monomer.

[0059] Exemplary organic solvents that can be utilized as the second solvent
include, but are not limited to polar solvents, including alcohols, such as methanol,
ethanol, carbitol and isopropanol, esters, such as ethyl acetate, aromatic solvents such
as toluene, ethers such as diethyl ether, THF and t-butyl methyl ether, and ketones,
such as acetone and methyl isobutyl ketone. Other solvent systems may also be used,

such as acetonitrile, N,N-dimethylformamide and dimethyl sulfone.

[0060] To facilitate curing, compositions as described herein can also optionally
include at least one initiator. Initiators useful can include both free-radical thermal
initiator and/or photoinitiator. Typically, an initiator and/or photoinitiator are present
at less than 10 wt-%, in one embodiment less than 5 wt-%, and in another
embodiment, less than 2 wt-% of the composition. Free-radical curing techniques are
well known in the art and include, for example, thermal curing methods as well as
radiation curing methods such as electron beam or ultraviolet radiation. Further details
concerning free radical thermal and photopolymerization techniques may be found in,
for example, U.S. Patent Nos. 4,654,233 (Grant et al.); 4,855,184 (Klun et al.); and
6,224,949 (Wright et al.).

[0061] Useful free-radical thermal initiators include, for example, azo, peroxide,

persulfate, and redox initiators, and combinations thereof.

[0062] Useful free-radical photoinitiators include, for example, those known as
useful in the UV cure of acrylate polymers. Such initiators include, but are not limited
to, benzophenone and its derivatives; benzoin, alpha-methylbenzoin, alpha-
phenylbenzoin, alpha-allylbenzoin, alpha-benzylbenzoin; benzoin ethers such as benzil
dimethyl ketal (commercially available under the trade designation "IRGACURE 651"
from Ciba Specialty Chemicals Corporation of Tarrytown, New York), benzoin methyl
ether, benzoin ethyl ether, benzoin n-butyl ether; acetophenone and its derivatives such
as 2-hydroxy-2-methyl-1-phenyl-1-propanone (commercially available under the trade
designation "DAROCUR 1173" from Ciba Specialty Chemicals Corporation) and 1-

hydroxycyclohexyl phenyl ketone (commercially available under the trade designation
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"IRGACURE 184", also from Ciba Specialty Chemicals Corporation); 2-methyl-1-[4-
(methylthio)phenyl]-2-(4-morpholinyl)-1-propanone commercially available under the
trade designation "IRGACURE 907", also from Ciba Specialty Chemicals
Corporation); 2-benzyl-2- (dimethylamino)-1-[4-(4-morpholinyl)phenyl]-1-butanone
commercially available under the trade designation "IRGACURE 369" from Ciba
Specialty Chemicals Corporation); aromatic ketones such as benzophenone and its
derivatives and anthraquinone and its derivatives; onium salts such as diazonium salts,
iodonium salts, sulfonium salts; titanium complexes such as, for example, that which is
commercially available under the trade designation "CGI 784 DC", also from Ciba
Specialty Chemicals Corporation); halomethylnitrobenzenes; and mono- and bis-
acylphosphines such as those available from Ciba Specialty Chemicals Corporation
under the trade designations "IRGACURE 1700", "IRGACURE 1800", "IRGACURE
1850","IRGACURE 819" "IRGACURE 2005", "IRGACURE 2010", "IRGACURE
2020" and "DAROCUR 4265". Combinations of two or more photoinitiators may also
be used. Further, sensitizers such as 2-isopropyl thioxanthone, commercially available
from First Chemical Corporation, Pascagoula, MS, may be used in conjunction with

photoinitiator(s) such as ""IRGACURE 369".

[0063] A composition, when used in an optical article, may also include other
materials as desired, such as for better coating and improved performance (e.g. an
adhesion promoter) to meet the requirements for different applications. In one
embodiment, one or more hindered amine light stabilizer(s) (HALS) and /or one or
more phosphonate stabilizer compound(s) may be added in the polymerizable coating

composition, as described in US 6,613,819, “Light Stable Articles” assigned to 3M Co.

[0064] A composition that can be utilized to form optical articles can also include
other inorganic particles that can optionally be incorporated in order to decrease static
associated with the layer. Generally, metal oxides can be utilized to provide such
properties. The metal oxides can also be surface treated with materials such as 3-
methacryloxypropyltrimetho-xysilane. These particles can provide constructions with
antistatic properties and other desirable properties. This can be desirable to prevent
static charging and resulting contamination by adhesion of dust and other unwanted
debris during handling and cleaning of the film. In one such embodiment, such metal

oxide particles are incorporated into a top (thin) layer of two-layer articles. At the
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levels at which such particles may be needed in the coating in order to confer adequate
antistatic properties (typically 25 wt % and greater), these deeply colored particles can
impart undesired color to the construction. However, in the thin top layer of a two-
layer fluorinated construction, their effect on the optical and transmission properties of
the film can be minimized. Examples of conducting metal oxide nanoparticles useful
in this embodiment include antimony double oxide available from Nissan Chemical
under the trade designations Celnax CXZ-210IP and CXZ-210IP-F2. When these
particles are included at appropriate levels in coatings, the resulting coatings can
exhibit static charge decay times less than about 0.5 sec. In this test, the sample is
placed between two electrical contacts and charged to +/- 5 kV. The sample is then
grounded, and the time necessary for the charge to decay to 10% of its initial value is
measured and recorded as the static charge decay time. In contrast, film constructions

containing no conducting nanoparticles exhibit static charge decay times > 30 sec.

[0065] Exemplary compositions as described herein can be coated into films and
dried to remove the solvent, the second solvent, or both. After such drying, the
amounts of the various components (based on the total weight of the dried film) would
change. In one embodiment, a film that utilizes a dispersion as described herein can
generally include about 40 wt% to about 70 wt% nanoparticles, about 20 wt% to about
40 wt% of at least one radiation curable monomer, and about 5 wt% to about 20 wt%

of a dispersant (all wt% are based on the total weight of the dried film).

[0066] Dispersions, compositions, and films as discussed herein can be utilized in
optical articles. An exemplary optical article that could utilize the dispersions
disclosed herein includes a light control article for blocking infrared light from an

infrared light source.

[0067] FIG. 1 illustrates multilayer optical film 20. The film includes individual
layers 22, 24. The layers have different refractive index characteristics so that some
light is reflected at interfaces between adjacent layers. The layers are sufficiently thin
so that light reflected at a plurality of the interfaces undergoes constructive or
destructive interference in order to give the film the desired reflective or transmissive
properties. For optical films designed to reflect light at ultraviolet, visible, or near-

infrared wavelengths, each layer generally has an optical thickness (i.e., a physical
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thickness multiplied by refractive index) of less than about 1 micrometer. Thicker
layers can, however, also be included, such as skin layers at the outer surfaces of the
film, or protective boundary layers disposed within the film that separate packets of
layers.

[0068] The reflective and transmissive properties of multilayer optical film 20 are
a function of the refractive indices of the respective layers (i.e., microlayers). Each
layer can be characterized at least in localized positions in the film by in-plane
refractive indices ny, ny, and a refractive index n, associated with a thickness axis of
the film. These indices represent the refractive index of the subject material for light
polarized along mutually orthogonal x-, y- and z-axes, respectively (see FIG. 1). In
practice, the refractive indices are controlled by judicious materials selection and
processing conditions. Film 20 can be made by co-extrusion of typically tens or
hundreds of layers of two alternating polymers A, B, followed by optionally passing
the multilayer extrudate through one or more multiplication dies, and then stretching or
otherwise orienting the extrudate to form a final film. The resulting film is composed
of typically tens or hundreds of individual layers whose thicknesses and refractive
indices are tailored to provide one or more reflection bands in desired region(s) of the
spectrum, such as in the visible, near infrared, and/or infrared. In order to achieve high
reflectivity with a reasonable number of layers, adjacent layers can exhibit a difference
in refractive index (Any) for light polarized along the x-axis of at least 0.05. In some
embodiments, if the high reflectivity is desired for two orthogonal polarizations, then
the adjacent layers also exhibit a difference in refractive index (Any) for light polarized
along the y-axis of at least 0.05. In other embodiments, the refractive index difference
Any can be less than 0.05 or 0 to produce a multilayer stack that reflects normally
incident light of one polarization state and transmits normally incident light of an
orthogonal polarization state.

[0069] If desired, the refractive index difference (An,) between adjacent layers for
light polarized along the z-axis can also be tailored to achieve desirable reflectivity
properties for the p-polarization component of obliquely incident light. For ease of
explanation, at any point of interest on a multilayer optical film the x-axis will be
considered to be oriented within the plane of the film such that the magnitude of Any is
a maximum. Hence, the magnitude of Any can be equal to or less than (but not greater
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than) the magnitude of Any. Furthermore, the selection of which material layer to
begin with in calculating the differences Any, Any, An, is dictated by requiring that Any
be non-negative. In other words, the refractive index differences between two layers
forming an interface are An; = n;j — nyj, where j = x, y, or z and where the layer
designations 1, 2 are chosen so that njy > nyy., i.€., Any > 0.

[0070] To maintain high reflectivity of p-polarized light at oblique angles of
incidence, the z-index mismatch An, between layers can be controlled to be
substantially less than the maximum in-plane refractive index difference Any, such that
An; < 0.5*%Any. In one embodiment, An, <0.25 * Any. A zero or near zero magnitude
z-index mismatch yields interfaces between layers whose reflectivity for p-polarized
light is constant or near constant as a function of incidence angle. Furthermore, the z-
index mismatch An, can be controlled to have the opposite polarity compared to the in-
plane index difference Any , i.e. An, <0. This condition yields interfaces whose
reflectivity for p-polarized light increases with increasing angles of incidence, as is the
case for s-polarized light.

[0071] Multilayer optical films have been described in, for example, US Patent
3,610,724 (Rogers); US Patent 3,711,176 (Alfrey, Jr. et al.), “Highly Reflective
Thermoplastic Optical Bodies For Infrared, Visible or Ultraviolet Light”; US Patent
4,446,305 (Rogers et al.); US Patent 4,540,623 (Im et al.); US Patent 5,448,404
(Schrenk et al.); US Patent 5,882,774 (Jonza et al.) “Optical Film”; US Patent
6,045,894 (Jonza et al.) “Clear to Colored Security Film”; US Patent 6,531,230
(Weber et al.) “Color Shifting Film”; PCT Publication WO 99/39224 (Ouderkirk et al.)
“Infrared Interference Filter”; and US Patent Publication 2001/0022982 A1 (Neavin et
al.), “Apparatus For Making Multilayer Optical Films”. In such polymeric multilayer
optical films, polymer materials are used predominantly or exclusively in the makeup
of the individual layers. Such films can be compatible with high volume
manufacturing processes, and may be made in large sheets and roll goods.

[0072] The multilayer film can be formed by any useful combination of alternating
polymer type layers. In many embodiments, at least one of the alternating polymer
layers is birefringent and oriented. In some embodiments, one of the alternating
polymer layer is birefringent and orientated and the other alternating polymer layer is

isotropic. In one embodiment, the multilayer optical film is formed by alternating
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qmliy(melhylﬂn&thacrylate) (PMMA) or a copolyrner of poly(methyl methacrylate)
(coPMMA). In another embodiment, the multilayer optical film is formed by
alternating layers of a first polymer type including polyethylene terephthalate and a
second polymer type including a copolymer of poly(methyl methacrylate and ethyl
acrylate). In another embodiment, the multilayer optical film is formed by alternating
layers of a first polymer type including a glycolated polyethylene terephthalate (PETG
— a copolymer ethylene terephthalate and a second glycol moiety such as, for example,
cyclohexanedimethanol) or a copolymer of a glycolated polyethylene terephthalate
(coPETG) and second polymer type including polyethylene naphthalate (PEN) or a
copolymer of polyethylene naphthalate (coPEN). In another embodiment, the
multilayer optical film is formed by alternating layers of a first polymer type including
polyethylene naphthalate or a copolymer of polyethylene naphthalate and a second
polymer type including poly(methyl methacrylate) or a copolymer of poly(methyl
methacrylate). Useful combination of alternating polymer type layers are disclosed in
US 6,352,761 and US 6,797,396.

[0073] FIG. 2 schematically illustrates an embodiment of a solar control
multilayer film article 100. The film 100 includes an infrared light reflecting
multilayer film 110 having alternating layers of a first polymer type and a second
polymer type, as described above. An infrared light absorbing layer 120 is disposed
adjacent the multilayer film 110. Dispersions as described herein can be utilized to
make the infrared light absorbing layer 120. An adhesive layer 130 can be disposed on
the multilayer film 110. A release layer or substrate 140 can be disposed on the
adhesive layer 130. An optional second hardcoat layer 150 can be disposed adjacent
the multilayer film 110.

[0074] In many embodiments, the film 100 includes an infrared light reflecting
multilayer film 110 having alternating layers of a first polymer type and a second
polymer type, as described above and an infrared light absorbing layer 120 is disposed
adjacent the multilayer film 110. In some embodiments, this infrared light absorbing
layer 120 has a thickness in a range from 1 to 20 micrometers, or from 1 to 10

micrometers, or from 1 to 5 micrometers. An adhesive layer 130 can be disposed on
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the multilayer film 110. A release layer or optical substrate 140 can be disposed on the
adhesive layer 130.

[0075] FIG. 3 schematically illustrates another embodiment of a solar control
multilayer film article 200. The film 200 includes an infrared light reflecting
multilayer film 210 having alternating layers of a first polymer type and a second
polymer type, as described above. An infrared light absorbing layer 220 is disposed
adjacent the multilayer film 210. An optional intermediate adhesive layer 270 can be
disposed between the infrared light absorbing layer 220 and the multilayer film 210.
An adhesive layer 230 is disposed on the multilayer film 210. A release layer or
optical substrate 240 can be disposed on the pressure sensitive adhesive layer 230. An
optional hardcoat layer 250 can be disposed adjacent the multilayer film 210. An
optional intermediate polymeric layer 260 is disposed between the optional hardcoat
layer 250 and the intermediate adhesive layer 270.

[0076] The above multilayer film article constructions provide improved solar
control film articles. In some embodiments, the multilayer film article has an average
visible light transmission (400 to 780 nm) of at least 45% and an average infrared light
transmission for 780 nm to 2500 nm light of less than 10% or less than 15%. In some
embodiments, the multilayer film article has an average visible light transmission of at
least 60% and an infrared light transmission of 20% or less for substantially all
wavelengths between 950 nm and 2500 nm. In some embodiments, the multilayer film
article has an average light reflection between 780 and 1200 nm of 50% or greater and
an average light transmission between 1400 and 2500 nm of 50% or less. In further
embodiments, the multilayer film article has an average light reflection between 780
and 1200 nm of 80% or greater and an average light transmission between 1400 and
2500 nm of 20% or less. In still further embodiments, the multilayer film article has
an average light reflection between 780 and 1200 nm of 90% or greater and an average
light transmission between 1400 and 2500 nm of 5% or less.

[0077] The adhesive layer 130 described above can include any type of adhesive
that enables the solar control multilayer film to be affixed to the substrate. In order to
attach the solar control film to the glass, one surface of the solar control film is coated

with the adhesive and a release sheet is removed from the adhesive layer before
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[0078] In one embodiment, the adhesive of the adhesive layer 130 is a pressure
sensitive adhesive (PSA). In another embodiment, the adhesive is a moisture curable
adhesive. In embodiments utilizing a PSA, the PSA is an optically clear PSA film
such as a polyacrylate pressure sensitive adhesive. The Pressure-Sensitive Tape
Council has defined pressure sensitive adhesives as material with the following
properties: (1) aggressive and permanent tack, (2) adherence with no more than finger
pressure, (3) sufficient ability to hold onto an adherent, (4) sufficient cohesive
strength, and (5) requires no activation by an energy source. PSAs are normally tacky
at assembly temperatures, which is typically room temperature or greater (i.e., about
20°C to about 30°C or greater). Materials that have been found to function well as
PSAs are polymers designed and formulated to exhibit the requisite viscoelastic
properties resulting in a desired balance of tack, peel adhesion, and shear holding
power at the assembly temperature. The most commonly used polymers for preparing
PSAs are natural rubber-, synthetic rubber- (e.g., styrene/butadiene copolymers (SBR)
and styrene/isoprene/styrene (SIS) block copolymers), silicone elastomer-, poly alpha-
olefin-, and various (meth) acrylate- (e.g., acrylate and methacrylate) based polymers.
Of these, (meth)acrylate-based polymer PSAs have evolved as one class of PSAs that
can be utilized due to their optical clarity, permanence of properties over time (aging
stability), and versatility of adhesion levels, to name just a few of their benefits.
[0079] The release liner described above can be formed of any useful material
such as, for example, polymers or paper and may include a release coat. Suitable
materials for use in release coats include, but are not limited to, fluoropolymers,
acrylics and silicones designed to facilitate the release of the release liner from the
adhesive.
[0080] The substrate described above can be formed of any useful material and in
many embodiments is an optical substrate. In some embodiments, the substrate is
formed of a polymeric material such as, for example, cellulose triacetate,
polycarbonate, polyacrylate, polypropylene, or polyethylene terephthalate. In other
embodiments, the substrate is formed of an inorganic material such as, for example,

quartz, glass, sapphire, YAG, or mica. The substrate can have any useful thickness. In
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one embodiment, the substrate is automotive or architectural glass. In some
embodiments including clear glass substrates as a glazing system, the glazing system
has a shading coefficient of 0.68 or less, or 0.6 or less, or 0.55 or less, or 0.50 or less,
at a Tyig of 70% or greater.

[0081] As mentioned previously, an article as disclosed herein can optionally
include an intermediate adhesive layer 270. The intermediate adhesive layer 270 can
be formed of any useful material. In some embodiments, the intermediate adhesive
layer 270 can include a pressure sensitive adhesive material, as described above. In
some embodiments, the intermediate adhesive layer 270 can include a curable
adhesive such as, for example a thermal, UV, or moisture curable adhesive. The
intermediate adhesive layer 270 can have any useful thickness such as, for example, 1
to 100 micrometers, or 5 to 50 micrometers, or 10 to 50 micrometers, or 10 to 30
micrometers.

[0082] The optional intermediate polymeric layer 260 can be formed of any useful
material. In some embodiments, the intermediate polymeric layer 260 can include a
polyolefin, polyacrylate, polyester, polycarbonate, fluoropolymer, and the like. In one
embodiment, the intermediate polymeric layer 260 can include a polyethylene
terephthalate. The intermediate polymeric layer 260 can have any useful thickness
such as, for example, 5 to 500 micrometers, or 10 to 100 micrometers, or 25 to 75
micrometers, or 25 to 50 micrometers.

[0083] An article as disclosed herein can also include a tear resistant film (not
shown). In many embodiments, the tear resistant film includes alternating layers of
stiff polymer and a ductile polymer. In some embodiments, the tear resistant film 160
includes alternating layers of stiff polyester or copolyester and a ductile sebacic acid
based copolyester. In many embodiments, the stiff polyester or copolyester layers are
oriented in at least one direction and, or are biaxially oriented. Examples of these tear
resistant films are described in US 6,040,061; US 5,427,842; and US 5,604,019.
[0084] In another embodiment, the tear resistant film is a single monolithic
polymeric film that provides a desired level of tear resistance. Such films are known
in the art as “tough” polymeric film. Toughness can be described as a measure of the
energy a polymer can absorb before it breaks, and examples of tough polymers include

ABS (poly (acrylonitrile butadiene styrene)), LDPE (linear low density polyethylene),
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polymers, such as PET and nylon, to be utilized as a tear resistant film.

[0085] By “tear resistant” it is broadly meant that a multilayer film according to
this disclosure demonstrates a Graves area in one direction of the film which exceeds
the Graves area in the same direction for a single layer film comprising only the stiff
polymer of the multilayer film, the single layer film being processed in the same
manner as and to substantially the same thickness as the multilayer film. In many
embodiments, the tear resistant solar control films demonstrate a Graves area in one
direction of the film equal to at least about 40+0.4(x) kpsi % wherein x is the nominal
thickness of the film in micrometers. More specifically, Graves area is obtained by
mathematically integrating the area beneath the curve in a graphical plot of the stress
(as measured in kpsi) experienced by the film versus the strain (as measured by Graves
elongation in % which is defined more fully below) that the film undergoes during a
test in which a film sample specifically shaped for the Graves area test is clamped
between opposed jaws that are moved apart at a constant rate to concentrate the tearing
stresses in a small area. Thus, Graves area is a combined measure of the film's tensile
modulus (i.c., the film's stiffness and dimensional stability) and the ability of the film
to resist advancing a tear. Consequently, Graves area may be regarded as a measure of
the total energy required to cause the film to fail; that is, the ability of the film to
absorb energy. In many embodiments, the tear resistant solar control films desirably
exhibit a Graves clongation at break of at least 20%, or at least 40% during the Graves
arca test. The tear resistance solar control films may be measured by ASTM Test
Method D 1004 (also known as a Graves tear test).

[0086] In addition, many multilayer or monolithic tear resistant films according to
this disclosure demonstrate a tensile modulus (as measured in a conventional tensile
test) of at least 175 kpsi (1,208 MPa), or at least 240 kpsi (1,656 MPa), or at least 450
kpsi (3,105 MPa) in at least one direction of the film.

[0087] Both the thickness of the tear resistant multilayer film and the individual
layers which comprise the tear resistant multilayer film may vary over wide limits.
These films can have a nominal thickness of from about 7 to 500 micrometers, or from

about 15 to 185 micrometers. The individual layers of stiff polyester or copolyester
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can have an average nominal thickness of at least about 0.5 micrometers, or from
greater than 0.5 to 75 micrometers, or from about 1 to 25 micrometers. In some
embodiments, the ductile sebacic acid based copolyester layers are thinner than the
stiff polyester/copolyester layers. The ductile material layers may range in average
nominal thickness from greater than about 0.01 micrometer to less than about 5
micrometers, or from about 0.2 to 3 micrometer. Similarly, the exact order of the
individual layers is not critical. The total number of layers may also vary substantially.
In many embodiments, the tear resistant multilayer film includes at least 3 layers, or

from 5 to 35 layers, or from 10 to 15 layers.

Experimental
Materials

[0088] Antimony Tin Oxide (ATO, Sb,03/Sn0;) nano powder was obtained from
Inframat (Farmington, CT), and was product # 5S0N-510-2, 99.5%. The weight ratio of
Sb,03:Sn0; is 10:90, and the average particle size was 10 — 20 nanometers (BET),
BET surface area 40-50 m?/g.

[0089] I-methoxy-2-propanol (PM) was obtained from Alfa Aesar, a Johnson
Mattehey Co. (Ward Hill, MA).

[0090] SOLPLUS® and SOLSPERSE® series hyperdispersants were obtained
from Lubrizol Corporation (Wickliffe, OH).

[0091] Amine modified acrylates, EBECRYL® 83, EBECRYL® 3600,
EBECRYL® 3703, EBECRYL® 7100, VIAFLEX® 100, VIAJET® 400 and
VIASCREEN® 515 were obtained from Cytec Industries, Inc. (West Paterson, NJ).

[0092] Amine modified acrylates CN551 (amine modified polyether acrylate
oligomer) and CN2100 (amine modified epoxy acrylate) were obtained from Sartomer

Company Inc. (Exton, PA).
Example I: Evaluation of Various Polycaprolactone-Polyamine Dispersants

[0093] This experiment was designed to evaluate various dispersants. The same
process conditions were used for each dispersant, and particle sizes in the dispersion

were measured at different milling times and dispersion levels. The initial materials
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di spersions were then neasured according to the
details given in Exanple |I above. The results are
shown below in Table 6. Table 6

(those listed in “Initial Weights” of Table 1) in each of the dispersions were premixed
using a Dispermat High Speed Laboratory Dissolver (BYK-Gardner USA, Columbia,
MD) for 10 minutes. After those components were premixed, they were added to a
Netzsch MiniCer Mill (Netzsch, Inc. Exton PA) preloaded with 0.2 mm yttrium

stabilized zirconia YTZ® milling media, and processed at a flow rate of 250 ml/min.

The mill was operated at 4300 rpm.

[0094] The various compositions were initially targeted at 60 wt% solid (
Wato/(Wato + Weotvent). Some of the dispersants had low enough viscosities to pour
into the solvent / ATO mixture directly, but the viscosity of some of the dispersants
made it necessary to dilute them with solvent in advance, so the weight of the solvent
blending with the ATO was less, but the overall quantity of solvent was the same. The
amount of dispersant added (in the table below) is based on the weight of ATO in the
composition. The experiment was accomplished by increasing the dispersant quantity
by 2.5% and then milling the dispersion for the time specified below. If the dispersion
thickened during milling, the time was shorter for the particular amount of dispersant

and more dispersant was added.
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WO 2009/ 089133PCT/ US2009/ 030075 [00101] The average
particle sizes of the dispersions were then neasured
wW@ewonghiey) to the details given in Exanple | abowEs20091@30075
results are shown below in Table 8. Table 8 D spersant
W % of Di spersant to ATOMIling time (m nutes)
Particle size (nm SOLSPERSEO 19000 10 5 552 12.5 30
719895115 Jbe graiclersyzes oftheggglomeyaippinehsAispsraippapicagcd pbove
QQ?rg'a%B%eca%Ieﬁ [1"99 é%he-@z% ﬁéa@@ﬁeﬁeﬁﬁ%é 'ta'i%g on a Malvern
pol'yester-polyamn I spersant t was. eval uate
dinstvemevas Z ctasibéréchoid S (M SCRIWSOndmiOl tdpWewedsteadhéret UK). The
ablllty. of the conbination to fupction in a
chAsHF e erpReagist éﬁggHﬁgnm%¥%9ﬁ%@%WWH@5@E%Fa@ﬂé%known
UelihidaearRl ny O33R0 B AXASRIIPRLA LALLM tihe
510 grans of ATO & 340 grans of I'n the first
expspicments, praGdgd betewafe 8@@8@5@8&@6 19000 (5% w to
ATO) and 25 grans of SOLPLUSO D510 (5% wt to ATO were
added initially and mlled for 45 m nutes. Another 5%
of D510 was added and processed for one hour, then an

Tapfidi ti onal 2.5% of D510 (12.5% total) was added and
processed for another hour. In the second experinment,

SI'T Or 3R pQhanp-SPE I érgaﬂ’c W Mif iny e n@’aﬁféi@size
gfans of SCLPLUSO D510 (112, Tl e & added,)
Shie ELH%@?HS lAEJ dded_and. Zmﬁ ZL!E'fm’”oll.zn..rc
A A A A A PP S B A T
t hen _an additional 11)/Q of  Sol sper qs=§01qm’m (?%qlm‘ al \
was added and proces&ed for anothe04 hours. [[390103]
The average particlelGi zes of the|@Dspersi ong Tere
t hen neasured accordigng to the detfaphs given |[im®
Ekanple T above. Thejzesults are shgwn below|i7g Table
9 12.5 60 54
12.5 90 51
15 30 47
15 60 45
15 90 50
17.5 30 46
17.5 60 45
SOLPLUS® D510 10 7 283
10 30 185
10 60 114
10 90 95
10 120 80
12.5 30 67
12.5 60 62
12.5 90 57
12.5 120 55
15 30 52
15 60 49
15 90 47
17.5 30 46
17.5 60 44
20 30 56
20 60 61
(Remeasured) 20 60 62
20 90 65
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Di spersant #1 (SOLSPERSEO 19000) to ATO W % of
woe@pesgant #2 (SOLPLUSO D510) to ATO M Il ing BETES2009/030075

(mnutes) Particle size (nm 55 15 323 55 30 271 55

45 248 5 10 15 78 5 10 30 75 5 10

Dispersant Wt% of Dispersant | Milling time | Particle size
to ATO (minutes) (nm)
20 120 62
25 30 62
25 60 60
SOLSPERSE® 39000 | 10 7 448
12.5 7 696
15 7 267
17.5 30 123
17.5 60 106
17.5 90 96
17.5 120 86
17.5 150 79
20 30 74
20 60 70
225 30 65
225 60 64
30 30 63
30 60 63
SOLSPERSE® 385000 | 10 3 507
12.5 3 588
15 4 365
17.5 30 155
17.5 60 117
17.5 90 101
17.5 120 91
17.5 150 82
17.5 150 83
20 30 75
20 60 73
225 30 69
225 60 66
27.5 30 65
27.5 60 64
SOLSPERSE® 32000 | 10 7 356
12.5 4 301
15 9 217
17.5 30 131
17.5 60 112
17.5 90 99
17.5 120 92
20 30 &3
20 60 79
225 30 76
22.5 60 72
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SOLSPERSE® 24000 | 10 7 402
12.5 5 283
15 10 216
17.5 30 130
17.5 60 114
17.5 90 104
17.5 120 96
20 30 90
20 60 84
22.5 30 79
225 60 76
30 30 74
30 60 73

Example II: Evaluation of Polycaprolactone-Polyacid Dispersants

[0096] Polycaprolactone-Polyacid copolymers were evaluated in dispersions. The

dispersions were prepared and evaluated as explained in Example I above. The two

polycaprolactone —polyacid copolymers that were evaluated were Lubrizol

SOLPLUS® D520 and Lubrizol SOLSPERSE® 36000. The dispersions in Table 3

below were made.
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prepared in a fashion simlar to Exanple | The initi al

di spersions of nost sanples contained 500 g ATO 333 g

1- et hox% 2-propanol, and various anount of the am ne

n9897li ed Tae ﬁwrageepa(rta\m)mﬁwf thodspeisonpr e, tha mepgired according

R 9 Sl Ay 2

Taﬁk SA{:OSI ty i ncreased. If the viscosity was still high
hat poi nt, m)re SOLPLUSO D510 was added

r\ﬂnr\nf ol | v nm-\nnr\nf o Aanmmiint o

ohrt NI Tl %%@}S@?f&%ﬁt - Mulpgyime F AT
below WD 2009/ 089133PcAES009/ n%ndmml el 10 Bom
W % SOLAMASRDDAID W % of DBILO to ATO MBOing ti rrel32
(hours) Particle sijze (nm1(EBECRYLO 83 d®b 0 0|5 14%
15 0 1 137 15 0 10 90 79
10 120 69
12.5 30 61
12.5 60 59
12.5 90 52
12.5 120 57
15 30 52
15 60 56
17.5 30 71
SOLSPERSE® 36000 10 6 517
12.5 6 302
15 27 179
17.5 30 167
17.5 60 158
20 30 82
20 60 85
22.5 30 97
22.5 30 70
22.5 60 80

Example III: Comparison of Polycaprolactone-Polyamine Dispersant with

Poly(propylene oxide)-Polyamine Dispersant

[0098] A poly(propylene oxide)-polyamine dispersant was evaluated. The
dispersion was prepared and evaluated as explained in Example I above. The
poly(propylene oxide)-polyamine that was evaluated was SOLSPERSE® 71000. The

dispersion in Table 5 below was made.
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[0099] The average particle sizes of the dispersions were then measured according

to the details given in Example I above. The results are shown below in Table 6.

Table 6
Dispersant Wt% of Dispersant Milling time Particle size
to ATO (minutes) (nm)
SOLSPERSE® 71000 27.5 30 227
27.5 60 158
27.5 90 147
325 30 130
325 60 123
325 90 119

Example IV: Comparison of Multi-anchoring versus Single-anchoring dispersant

[00100] A polyester-polyamine single anchoring dispersant was evaluated. The
dispersion was prepared and evaluated as explained in Example I above. The
polyester-polyamine single anchoring dispersant that was evaluated was

SOLSPERSE® 19000. The dispersion in Table 7 below was made.
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The average particle sizes of the dispersions were then measured according

to the details given in Example I above. The results are shown below in Table 8.

Table 8
Dispersant Wt% of Dispersant to | Milling time | Particle size
ATO (minutes) (nm)
SOLSPERSE® 19000 10 5 350
12.5 30 755
15 30 874
17.5 30 961

Example V: Evaluation of Co-dispersants

[00102]
above was combined with SOLPLUS® D510 to evaluate the ability of the combination

The single anchoring polyester-polyamine dispersant that was evaluated

to function in a dispersion. The dispersions were made in accordance with Example 1
above. Both experiments started with 510 grams of ATO & 340 grams of PM. In the
first experiment, 25 grams of SOLSPERSE® 19000 (5% wt to ATO) and 25 grams of
SOLPLUS® D510 (5% wt to ATO) were added initially and milled for 45 minutes.
Another 5% of D510 was added and processed for one hour, then an additional 2.5%
of D510 (12.5% total) was added and processed for another hour. In the second
experiment, 5.1 grams of SOLSPERSE® 19000 (1% wt to ATO) and 63.8 grams of
SOLPLUS® D510 (12.5% wt to ATO) were added initially and milled for 2 hours.
Another 1% of Solsperse® 19000 was added and processed for 2 hours, then an
additional 1% of Solsperse® 19000 (3% total) was added and processed for another 4

hours.

[00103]

to the details given in Example I above. The results are shown below in Table 9.

The average particle sizes of the dispersions were then measured according
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Table 9
Wt% of Dispersant #1 Wt% of Dispersant #2 - . ) )

(SOLSPERSE® | (SOLPLUS® D310)10 | Milling time | Particle size

19000) to ATO ATO (minutes) (nm)
5 5 s 323
5 5 30 271
5 5 45 243
5 10 15 78
5 10 30 75
5 10 60 67
5 125 30 57
5 125 60 55
] 2.5 30 113
] 12.5 60 88
] 12.5 90 74
1 12.5 120 7
2 12.5 30 57
p 12.5 60 53
2 12.5 90 50
2 12.5 120 47
3 12.5 30 111
3 125 60 89
3 125 90 73
3 125 120 65
3 125 150 59
3 125 180 56
3 125 210 53
3 125 240 50

Example VI: Evaluation of Coating Composition Containing Dispersion and Amine

Modified Acrylates

[00104] The dispersions were prepared in a fashion similar to Example I The initial
dispersions of most samples contained 500 g ATO, 333 g 1-methoxy-2-propanol, and
various amount of the amine modified acrylate (AMA) and SOLPLUS® D510. As the
experiment was continued, more amine modified acrylate (up to 5% by weight of
ATOO was added while the viscosity increased. If the viscosity was still high at that
point, more SOLPLUS® D510 was added sequentially. The components, their

amounts, and the particle sizes in the dispersion are shown in Table 10 below.
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Table 10
AMA Wt% of AMA Wt% of D510 Milling time Particle size
to ATO to ATO (hours) (nm)
EBECRYL® 83 15 0 0.5 149
15 0 1 137
15 0 1.5 138
20 0 0.5 135
20 1 0.5 114
20 2 0.5 147
20 5 0.5 128
20 5 1 133
EBECRYL®
3600 10 10 0.5 78
10 10 1 70
EBECRYL®
3600 10 5 0.5 247
10 10 2 70
15 10 0.5 72
EBECRYL®
3703 10 5 0.5 123
10 5 1 86
10 5 1.5 75
10 5 2 68
10 5 2.5 63
12.5 5 0.5 57
12.5 5 1 55
12.5 5 1.5 54
EBECRYL®
3703 20 0 0.5 838
20 0 1 374
20 0 1.5 493
20 2.5 0.5 76
20 2.5 1 68
20 2.5 1.5 65
20 2.5 2 64
20 3.5 0.5 60
20 3.5 1 59
EBECRYL®
7100 20 2.5 0.5 177
20 2.5 1 153
20 5 0.5 88
20 5 1 75
20 5 1.5 70
20 7.5 0.5 60
20 7.5 1.5 52
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20 2.5 1.5 126 20 50.566 205162 206 0.5 52

20 6 1 53 VIAJETO 400 10 10 0.5 141 10 10 1
WO 2009/089133 PCT/US2009/030075

20 7.5 2 49

CN551 15 0 0.5 150

15 5 0.5 128

CN2100 20 2.5 0.5 178
20 2.5 4 128

20 2.5 1.5 126

20 5 0.5 66

20 5 1 62

20 6 0.5 52

20 6 1 53

VIAJET® 400 10 10 0.5 141
10 10 1 92

10 10 1.5 106

10 12.5 0.5 63

10 12.5 1 58

10 12.5 1.5 54

VIASCREEN® 10 10 05 128

515

10 10 1 102

10 10 1.5 91

10 12.5 0.5 103

10 12.5 1 92

10 12.5 1.5 56

10 12.5 2 33

[00105] The present disclosure should not be considered limited to the particular

examples described above, but rather should be understood to cover all aspects fairly

set out in the attached claims. Various modifications, equivalent processes, as well as

numerous structures to which the present disclosure may be applicable will be readily

apparent to those of skill in the art to which the present disclosure is directed upon

review of the instant specification.
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WE CLAIM:
1. A dispersion comprising:

about 10 wt% to about 95 wt% of at least one organic solvent based on the total

weight of the dispersion;

about 5 wt% to about 80 wt% of nanoparticles based on the total weight of the
dispersion, wherein the nanoparticles are infrared absorptive, conductive or both infrared

absorptive and conductive; and

about 0.5 wt% to about 50 wt% of at least one polycaprolactone-polyamine

copolymer based on the total weight of the dispersion,

wherein the dispersion comprises agglomerates of the nanoparticles and a majority

of the agglomerates have an average diameter that is not greater than 100 nanometers.

2. The dispersion according to claim 1, wherein a majority of the

agglomerates have an average diameter that is not greater than 60 nanometers.

3. The dispersion according to claim 1, wherein a majority of the

agglomerates have an average diameter that is not greater than 50 nanometers.

4. The dispersion according to claim 1comprising about 25 wt% of at least

one organic solvent based on the total weight of the dispersion.

5. The dispersion according to claim 1, wherein the at least one organic

solvent is methyl ethyl ketone, 1-methoxy-2-propanol, or a combination thereof.

6. The dispersion according to claim 1 comprising about 60 wt% to about 70

wt% of nanoparticles based on the total weight of the dispersion.

7. The dispersion according to claim 1, wherein the nanoparticles comprise

metal oxide particles.

8. The dispersion according to claim 7, wherein the metal oxide particles

comprise antimony tin oxide, indium tin oxide, or combinations thereof.

9. The dispersion according to claim 7, wherein the metal oxide particles have

an average diameter from about 10 nanometers to about 20 nanometers.
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W@ bwalgh1sdt be considered inmted to the partiRCl/ES2009/030075
exanpl es descri bed above, but rather should be
understood to cover all aspects fairly set out in the
attached clains. Various nodifications, equivalent )
pr odBssedhe dispggsion ageordingde elaim dt wherciir tBe narppFicdas arqparticles
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apparent to those of s he art to
Ip:lgtﬁ gm g‘l%)lg Iis%?rg{gt%i aé?}qrg{nrg\zg t&El%Jl &%%ﬂlp?gi\{llg%n? fi\bgurt]% wt% to about
25 NSPETa$ 1Bt @RPdlcapiddictone-polyaaliftitopbByridr¥at € @by totPSweight
wt % of at | east one organic solvent based on the total
of theidiersémn. t he di sper si on; about 5 wt%to about
80 wt % of nanoparticles based on the total weight of
t he 18i spdhsidonsrsivhacedrdinghie clandpanpirisingdram ebautfl2 arveido to

BB SRR bt RS BB Fof I v

weddht betgtdipesidol ycapr ol act one- pol yam ne copol yner
based on the total weight of the dispersion,

whengi n tie dlbsRRMSCARIRBNDEIRRY, RUSAIBE alsBsrsBh i} R8blc at
nanoparticles and a majority of fhe aggl onerates have

abear 68\Ve farge ladstaomstreonth.nat i s not greater than 100
nanonet ers. 2. The dispersion according to
cl aili 1, Thhdrspemioa avegrdinigtty clafm tl heheagg ltlondis@tre@en baaprises from

an average diangter, that is not greater than 60 .
abQpt 9 "%?% about r1T8 Wt‘% ofhtﬁe at least one olycaprolactone-pcﬁyamme copolymer
based on the weight of the nanoparticles, and further comprises from about 0.5 wt% to
about 20 wt% of at least one amine modified acrylate based on the weight of the

nanoparticles.

15. The dispersion according to claim 11, wherein the dispersion comprises not
more than 5 wt% of polycaprolactone-polyamine copolymer based on the weight of the

nanoparticles.

16. The dispersion according to claim 11, wherein the dispersion comprises not
more than 6 wt% of polycaprolactone-polyamine copolymer based on the weight of the

nanoparticles.

17. The dispersion according to claim 11, wherein the dispersion comprises not
more than 8 wt% of polycaprolactone-polyamine copolymer based on the weight of the

nanoparticles.
18. A composition comprising:
about 40 wt% to about 50 wt% of a dispersion, the dispersion comprising:

about 10 wt% to about 95 wt% of at least one organic solvent based on the

total weight of the dispersion;
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3. The dispersion according to claim1, wherein a
maj ority of the aggl onerates have an average di aneter
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di spersion according to claimlconprising about 25 wt %
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thedbmperghoof the comgosigort.o cl aim 1, wherein the

di spersion is stable at about 60C for at |east one

mongh.  The compdsitidh&coidmetosldim Bredfidsig frén abaitB0Iwt% to

wherein the di spersion conprises fromabout 0.5 wt%to
abeys dlevthohthosesend Regagic obsst one

pol ycapr ol act one- pol yam ne copol yner based on the

wei gAt oA filneceraprapag:ti cl es, and further conprises

fromabout 0.5 wt%to about 20 wt % of at | east one

am aourd@ivitted abontyT0at o hase rtartesttasedvmi thhtotalf weibkt of the film,

nanop articl es. . . The dispersj.on according to
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we-igéh?oﬁih%ﬂﬁﬁl%r?d‘ according to claim1l, wherein the
spersion conprises not nore than 6 wt % of

pol r-ol act one- '
et SFARGRPRLIERER AP CRF (ERRIDNIRIonRFRRERAR: {Btymer based
on dhstpe sictimt afherdinng to claim 11, wherein the
di spersion conprises not nore than 8 w % of
pol waaRiPRGHANRs RAVHBTBE: GARRIKBRofRARas 407, tah8 a haze value
wei ght of the nanop articles. 18. A conposition
of gefrrpericshangrboab®at 40 wt % t o about 50 wt % of a
di spersion, the dispersion conprising: about 10 wt%to
about 95 wt % of at |east one organic solvent based on
the total weight of the dispersion; about 5 w%to
about 80 wt % of nanoparticles based on the total
wei ght of the di spersion, wherein the nanoparticles
are infrared absorptive, conductive or both infrared
absorptive and conducti ve; ahd about 0.5 wt%to about
50 wt % of at | east one pol ycaprol act one- pol yam ne
copol ynmer based on the total weight of the dispersion,
wherei n the di spersion conprises aggl onerates of the
nanoparticles and a ngjority of the aggl onerates have
an average diameter that is not greater than 100

. Y. " - N s N7 r



