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POLYHEDRAL OLI GOVERI C SI LSESQUI OXANESANDIVETALLI ZED

POLYHEDRAL OLI GOVERI C SI LSESQUI OXANES AS COATI NGS,
wOeeMBOBIGTES ANDADDI Tl VES Cr oss- Ref erence to Rebaras2004/042422

Applications This application clains the benefit of

UsS. Pr ovi si onal ApplicationiSerial No. 60/ 531, 458

ThbIYeE ?gl@f%m %é@kmﬁg 'NiEmLLIZED

h
fﬂefzsgg? Ehind R oo,

their conpositions. Mre particularly, it relates to

t he i ncor por & rass- Bfefemnoettolﬁelate;ijApnbnabahg into

such pol ymers for rad| at| on absorption, in situ
ssific

i @QPF%%{IO& Clg bgn&?{)ﬁ EJ %.? E (Jé\ﬁf,lﬁggpﬂgﬂlécahon Serial No.

I i cations for such mat eri al s i ncl ude use in
60/55@45%@%% DiRseamera 2008s t hat benef it from
radi ati on resistance, stain resistance, printability,
scratch resistance, |Rieldef thedmiventipn | ow surface
roughness and uni que eI ectroni c and opti cal
e% ir'@\gqsfmpgACK relafes:g r%ye g‘ne P&IT é%ppEancmge’the'ggr%pemes of
SI | sesqui oxane (PCSS), sil sesqui oxan pol yhedr a
thewnopjastia iandstharawset psilymerst ek mag- madsn g8 ngtural origins and their
metal i zed- pol yhedral oligomeric silsesquioxane,
conspaSHEsT | Mtamepapmumb'dniarelaielsgm‘rﬁm énaarporadion, of nanostructured
silicates, and silicones as alloyable agents with

cheﬁﬂbé(lgﬁtﬁﬂocsuch polymers for radiation absorption, in situ glassification, gas and

L*J—“

moisture barriers, and modification of surface and bulk properties.

The applications for such materials include use in coatings and molded
articles that benefit from radiation resistance, stain resistance, printability, scratch
resistance, low permeability, low surface roughness, and unique electronic and

optical properties.

BACKGROUND OF THE INVENTION

The invention is related to use of polyhedral oligomeric silsesquioxane
(POSS), silsesquioxane, polyhedral oligomeric silicate, silicates, silicones or
metallized- polyhedral oligomeric silsesquioxane, silsesquioxane, polyhedral
oIiQomeric silicate, silicates, and silicones as alloyable agents with polymeric
materials. Polyhedral oligomeric silsesquioxane, silsesquioxane, polyhedral

oligomeric silicate, silicates, silicones and metallized-polyhedral oligomeric
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mat eri al s. Pol yhedral oligoneric silsesqui oxane,

si | sesqui oxane, polyhedral oligoneric silicate,
weiizbismateas, silicones and netal |l i zed- pol yhedr aPCT/US2004/042422

ol i gomeri csi | sesqui oxane, sil sesqui oxane, pol yhedra

oligoneric silicate, silicates, silicones are here

sils%fc{uﬁfxah%f @ﬂée%?q#fd%(aﬂ%, Eblyihﬁthl engbiehic oA Nikcates, silicones are

I con Cont ing Agént’'s have previously been

utjlized c . . S reported by
herdglighfipréd s SRl Eoftaufh Aoty 6,441 ,210. As
di scussed by Lichtenhan et. al in U S. Patf]ant I¥o | tal
6, Pilison1 GoRRINNG HeeEshavaPrewgualy eer: Hilliead19; perpplex meta
Agents are useful for dispersion and alloying of ]
atora(d)iasorparted hyt Albbenturis eivial in pobyhatent Ng: @344811211 Or Mysydiscussed
at the nanoscopic level. As discussed by Lichtenhan et
by Bichtdnhalb. &. dainek SNPatént7 b6, $3016,9191 auh VEGN104i/ 72885 A1, such
Agents can be converted in the presence of atomc

Si|ic%yggﬁta§rﬁn§ %(eg@n?s gl sseful ket Gbpérsiorl avealivlinghfisiicon and metal

use protection of spacecraft fromatomc
oxygen. It i S L Si,ngl ., di t ch;
atoRE WD payme S oRs” Mol aftc thf LEREHEHTE U s Biscussed by
. formation of nd Liqui rrijers,.and as, additives
Lichtannamenab: o OraPatans o, & 783 RE ud ¢ehdaing pbgli can be
Cont ai ni ng Agents are thensel ves effective when L
conuéttey énlthenpresenge| of atemisuoxygan 1l iosmi gfasstlikeagiliga layer which is
utilized for the in situ formati on of nanoscopically

useflliimtry prasediion dfespmcethifsirpmoatossc orygdre carried out
in a facile manner through exposure of polyners

Cony Ri AP SulgHRingly ifstdveRiY taisieh AlRibnsChatawriig Aygents are also
pl asma, ozone, or” an oxidizing flanme. The resulting

useﬂg [‘rﬁf gﬁ@ gﬁﬁh%%%f ?tf Ir%a% gﬁé o”r(%%@ bR Arftf .a%xif&ﬁfi%ég‘ #r absorbing

I on properties. Upon
R8T Sk A SiEnn S B AT Bhanan erectve
wheannOrLtIII)T)‘?éc"IJ1 Iirlw’tioZ gdpgliylrriecrabutA%va?/n%%%e%eo;f)retfgr%bvtu%ﬁgec? rggr the in situ
formation of nanoscopically thin glass barriers. This process can be carried out in a
facile manner through exposure of polymers containing the Silicon Containing
Agents to oxygen plasma, ozone, or an oxidizing flame. The resulting nanoscopically
thin glass layers provide exceptional barrier and radiation absorption properties.
Upon exposure to such oxidants, the Silicon Containing Agents render surface glass
layers comprised of silica and metallized silica. Advantages of the method and
nanoscopically thin glass layer include: nondetectable by the human eye, toughness
and flexibility, suitability for storage on rolls and thin film packaging, impermeability
to moisture and gas, direct printability, stain resistance, scratch resistance, lower

cost and lighter weight than glass, excellent adhesion between polymer and glass

due to elimination of discreet compositional bondlines and replacement of them by
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nanoscopi cally thin glass [ayer include: nondetectable
by the human eye, toughness and flexibility,

weubtsaedd7ity for storage on rolls and thin fil RCT/US2004/042422
packagi ng, inperneability to noisture and gas, direct
printability, stain resistange, scratch resistance,

coﬂggﬁgfbn‘éﬁﬁgré&% I A6 inv&its. Firlydhaasscopicalyl il glass layers

sion tween pol yner and gl ass”due to el i m nation

comgqgﬁg Eﬁ%efﬁp%é?qqﬁ%ﬁfq%r? Qgg é%zgab'rﬁgﬁtlg lffg ol i¥ damage
polymeTas i 4assoRha SHBP GRS Tl ST SRR e{yrs aﬁﬁgﬁgqpq%%]& fhin glass

ot herw se dan_age poltymar surfaces and substrates.
layer$ii cordaiming: apiirey , o meislsoprasalalso the nitifjred sag agmsghores and
containing mxtures of netals may also be utilized as

lumiPleesehiormateriads,| wm irescembirraioar iveitrs, existingn phosphorescent and
conbi nation with existing phosphorescent and

t | li2éd POBBISRER| A €0S. Patent N
Iumb%%@suc @%réd@ gﬁbgg?e\’r\qrtﬂﬁ rférnn%tgllz\;é 958 has shown |t tgen o

o5 3B BOBNCIL G Bofhedf U MM, 9 sppyoincucing and
Ium%ggﬁ@q{gégb%eanutg?gﬁq@tsgﬁo%fq[)bﬁ%te' ne? eﬁfpte"@gf‘ or ?ummescent

6, 127,557 and 5, 750, 741 , prlor art in
contristudions o tnatellized #CASSol i goneri ¢ si | sesqui oxane,

si | sesqui oxane, polyhedral oligoneric silicate,

si |IAs hhe beeandissiddecoimet). P.aBafamt e 63ﬂ12'f,l55|7ramd b, 7804741, prior

in catalysis for epoxidation of olefins and the

art W%é‘a‘ﬂ&eﬂ d{)?lﬁdrélabhg&n@ﬁcOél%ﬁebq&oxbﬁé\leé%esqwoxane polyhedral

nmetallized 'silicon agents had not been recogni zed as

oo e LT Lo BB T g

as, usef ul a_cat st i conde sati.on
oPoRHIafRBr L aPRURE - afeleh AHEL A GIRIZRISN | oty However,
useful in the condensation polynerization of
meladiizedrsliapmagents hashBet bean gaeognized as Usefdl as polymer stabilizers

nor as radiation absorbers. Nor had the metallized POSS been described as useful
as a catalyst in condensation polymerizations. They have been found particularly
useful in the condensation polymerization of polyurethanes and epoxides and
bismaleimide and silicone materials.

The use of metals and organic metal complexes as polymer stabilizers are
well known items of commerce. However, such metals-based stabilizer additives are
not available in a form that allows them to be incorporated into a polymer and to
serve as a glass forming precursor.

The use of metals and metal particles such as boron and gadolinium is also
known to be of use in fast neutron tumor therapy, see U.S. Patent Nos. 5,630,786

and 6,248,916. A shortcoming of this prior art is that neutron trapping agents such
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bi smal ei m de and silicone materials. The use of netals

and organic netal conplexes as polyner stabilizers are
worbds/okoonn i tenms of conmerce. However, such PCT/US2004/042422

net al s-based stabilizer additives are not available in

a formthat allows themto ba incorporated into a

as $4bY eﬁg[égrtsﬁgﬁgéﬁ@tgglspl%t% ThcER TS B RedEiRly dsTdSW enough

Se 0 particles such as boron an

adgliniumis also known to be-of use | :
festigiyor iy a syt eate PRIpiRaly s $ioeSphddus 18 Pd Sbjected to
6, 248, 916. A shortcomng of this prior art js that . .
longesuradiation: aipesieait Sighes HesaggsnHelr K Sellier ¢aARYwring particle.
enough proton concentrations to effectively slow
Thienizdiglenicgstam et nutigated by daptincapogatione ofjynetaleisuch as boron,
This causes patients.to be subjected to | onger

sanfiindt bR GReRMBIneIntantamdsbopic POBYasystiné lae theupraions on the
capturing particle. This deficiency can be mtigated

orgé’eﬁctabﬁnsi&%ﬂégaggg@m Iifze'Tﬁété\l\ethﬁ}r“Fsh as boron,

samuri um an um i nto nanoscopi c POSS systens

i roboratier ALREIRESRE 1R TEp il SRS and i appication

particles into a polyneric binder, and jts aplpl | cati 8_n .
as agonfesal fomingdesthe @beerptioneohyay peleshopsradigtion discussed in
el ectron radiation discussed in U S. Patent No.
U.S6,PRentRp. 6tE86:482., Hdwevexpthis approachdist deficient innthahdtdoes not
it does not afford an optically transparent coating,

affdrdl ahespticafip teaspatdnt Boalay,dt reguirestadeinl pregaration and application
procedures to avoid becomng electrically conductive,

pro?%@%ljeg ﬂ?eaﬁldﬂ?tbé’édcrﬁihﬁ @Té&ﬁéallkoeoﬁ&@ét%t, AMEritBdoéd thot afford

neutron radiatio The sensitivity of conmerci al

oo ARG SESPEACIAS 8 ABEREF o TR NIRRT Smeria
eleéet];gneic(::tci:ovrr(wepcl?r%n){sr,mtiai (c:larsr'wgiggl {/nt epnﬁglerniea{rbng h15rve\jlcfal‘f’rk(le’fown as is the
absence of a low cost and neutron effective polymeric shielding material. Therefore,
the use of metallized Silicon Containing Agents for the specific absorption of neutron
radiation in a conformal coating or potting agent with or without a passivating glass
layer is a needed improvement over prior art coatings.

A number of prior art methods are known to produce glass coatings and
metallized glass coatings on polymers. Such methods include elevated temperature
sintering, sputtering, vapor deposition, sol-gel, and coating process which all require
additional manufacturing steps and are not amenable to high speed molding and
extrusion processing. These prior art methods also suffer from poor interfacial
bonding between the glass and polymer layers. The prior art is also deficient in its

ability to incorporate metal and nonmetal atoms into a well defined nanoscopic

structure within a single glass layer. Finally, the prior art is not able to produce
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the use of netallized Silicon Containing Agents for

the specific absorption of neutron radiation in a
woanfsmeodll coating or potting agent with or w PODWIS2@4/042422

passivating glass |ayer is a needed inprovenent over

prior art coatings. A nunbersof prior art nethods are

nan5§%’ﬁﬁcél§/ t@i}rpgfg]% sBHagss anaidongaqasstyTHeAet RS 8leasst amenable

coat'l ng ynmers. Such methods i1'nclude el evat ed

o WS R SO B a5 oting

. additional manufacturing steps and are not anenable to

film maynifapite®t nol di ng and extrusion processing. These
prior art nethods also suffer from poor interfacial .
boiftiengiliben enaining §oests ahtheppragent invgpdies. argHeest exemplified
prior art is also deficient inits ability to

by th6s®baSE@ R 16wt cst slidones sBtiaasadisesquiotanes, pelyhedral oligomeric
defi ned nanoscopic structure within a single glass

silséIOIr xan@s”@id)SéS?,t Qﬁ?ﬁjd'tlyﬁ’ifeoﬁéff oli§o&lic adMté® Figure 1 illustrates

ucenanoscopi ca n gl ass surfaces and

consequent |y t 0 n nab ji ;
sonteo T eantrtve: oSO lcPa"EorfTRERAGehS bfaMidd sioxane,
. especially bottling and fil ufacture. The Silicon
SilsaSSHHAMen SR SRS X RIoRr TRE GraJem i SHORYUGLLES Can range
exenplified by those based on | ow cost silicones such )
fromabl toi alkaneyuallssnm edkynso Ryoradiia ang sulstiited organic systems including
si | sesqui oxanes (POSS), and pol yhedral oligoneric
ethérs] i a0ddss anfingsyr ehidls, | phosptaties, woce hadqyersted aRi geoups.  The
exanpl es of Silicon Containing Agents containing

struiur@X 3l I SERMBHSO %A Gals ANAtePidetiC R SndtidMhetallizBde dBrivatives

groups 1 n such structures can range fromH to al kane,

iy 58 PGt LIS P54l SRR o scures s

hqs?jat es, and hal ogenated R groups. The structures
shoWRJN¢daWEstti ons are al so intended to incl ude

netal lized derivatives g .
The Silicon Containing Agents all share a common hybrid (i.e. organic-

inorganic) composition in which the interal framework is primarily comprised of
inorganic silicon-oxygen bonds. Upon mild and further oxidation these systems
readily form silica glasses. The exterior of a nanostructure is covered by both
reactive and nonreactive organic functionalities (R), which ensure compatibility and
tailorability of the nanostructure with organic polymers. These and other properties
of nanostructured chemicals are discussed in detail in U.S. Patent No. 5,412,053
and U.S. Patent No. 5,484,867 to Lichtenhan, both of which are incorporated herein
by reference. These nanostructured chemicals are of low density, and can range in
diameter from 0.5 nm to 5.0 nm and can be utilized in combination with micron sized

metal fillers.
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where nmetals ranging fromhigh to I ow Z can be

i ncorporated into the structures as shown in Figure 2.
woheos®edd7con Cont ai ni ng Agents all share a coOnROWUS2004/042422

hybrid (i.e. organicinorganic) conposition in which

the internal framework is priomarily conprised of

i norgani c silicorymomKpeRy P IHE NTF)OR] and further
oxi dation these sy ens readl 'y formsilica gl asses.

The exterior of a nanostructure is covered by both
r eJtiei presantinventieaclsseabes gamw setirstaf qralymer edditimps and their
whi ch ensure conpatibility and tailorability of the

utilityaiROfHe HBS&tiow & radligidH, Cgaro anaelicuid Therer dovehationecatalysis of
properties of nanostruct ured chemicals are discussed

conk%ngzgfoigéolgféufﬂg%?. a%r?cﬁ‘eﬁ] gﬁu ’févgg%tﬁrpgme \/\Eﬁgi&ﬁ gis88Yers. The
e T

diameter from0.5 nmto 5.0 nm.and can be ut|I|zed in

or meIAlS: ABEPBIPORIEH OF L EAMbIETRNER With BaCTqscopicIedlipiggRIe e such as
THE | NVENTI ON The present invention describes a new

fibes alaye glads, pudtaheninaddj and ethesipartidwate fillerd.ity in the
absorption of radiation, gas and liquid barrier
formation, catalysis of condensation polynerization,

and henmgttallizé POS § aire glartieulady egeful glsapslyhmyier sompbsitions with
nmetal lized POSS are whol Iy useful by thenselves or .in

spebRIIRRHARN. %éé\kﬁﬁﬁﬂn YTBhigsivel 4d atetrachiVe C@ARARMSRAICS! and in

I n conbl nati on rmcroscopl c reinforcenents such as

okl a2 IR SogsBERe DE s i oarter
oroB Bk UF B ot R LA RELS S ngseé;h&zm%ppogensauon
characteristics, and in

polymerlzatlon of reactive monomers. Flnally, the metallized and nonmetallized

POSS are useful for in situ formation of nanoscopically thin glass layers.

The preferred compositions presented herein contain three primary material
combinations: (1) Silicon Containing Agents including nanostructured chemicals,
nanostructured oligomers, or nanostructured polymers from the chemical classes of
silicones, polyhedral oligomeric silsesquioxanes (POSS), polysilsesquioxanes,
polyhedral oligomeric silicates, polysilicates, polyoxometallates, carboranes,
boranes; (2) metal atoms including alkali, alkaline earth, transition metals, lanthanide
and actinide metals; and (3) manmade polymer systems such as polystyrene,
polyamides, polyblefins, polyurethanes, polyesters, polycarbonates, polyethers,
epoxy, cyanate esters, maleimides, phenolics, polyimides, fluoropolymers, rubber,
and natural polymers including cellulosics, sugars, starches, proteins, chitins, and all

semicrystalline, crystalline, glassy, elastomeric polymers and copolymers thereof.
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packagi ng for enhanced printability, stain resistance,

gas and liquid barrier properties. The netallized POSS
waneosaeeo1usef ul in catal yzi ng the condensati ORCT/US2004/042422

pol yneri zati on of reactive nononmers. Finally, the

netal lized and nonnetal | i zed7PCSS are useful for in

si tref preTBirE@methdtRRPSIREGIpORting thy rSildars Tdrayialrgy Agents into
The preferred conposrtrons presented herein contain

ther&@ﬁr‘% ti%'ga E’ﬁr i 'ﬁt?élf‘%rkmgsmt&lt)nesrd e o‘ymers The

1 ni ng ng nanostructured chem

nanostr u . 0st ruct ure |

inCofpRRIPRE! %ﬁa‘?' %pﬁ%g@eg%fgegr?%“rnié G R accomplished
ol i goneric silsesqui oxanes

thropghymieltsielegdingx amglsng 6| %‘é‘%ﬂt a@S%rtﬁa omethedssior jp dissolving into
pol ysilicates, polyoxonetall ates, carboranes, boranes;

confpatibiieing nairmmensncIA]Idtypgssaarkdiltechraqkeﬂs|Qfebleadn1@, including melt
transition netals, |anthanide and actinide netals; and

bler(d'ﬂ BRI diﬁ’?yﬁ@lﬁtréﬁsﬁléﬁamguCrba@tﬁlepahdshdmr@aetrve blending are
‘am des pol yol efi ns, pol yurethanes, polyesters,

effeﬁﬁ year bonat es, polyethers, epoxy, cyanate esters,
Y%i i des, phenol ics, pol yi m des, fl uoropol yners,
rubber and nat ur al polyners including cel I ul osi cs,

ars targhes,  protein
Lo SRRy A s vt of o
nmer s and copol ynmers thereof. The referred
SIidgm EREGIS AGaTs HeE SpP o ROGTIA G b aﬁa@npksrﬁ# ffough use of
t hernopl astics is acconplished via nelt m xi ng
a Stliben @orttainingoAgest with Ehehemisat poteatinbtmiseibiliiy @mp@fdme with the

Cont ai ning Agents into thernosets can be acconpli shed

chetlicalugbtenEal oblteadieginn within nige Qolyner émtwiiski istiedo be alloyed.
nmet hods or by dissolving into conpati bilizing

Bedﬁ‘&% rtﬁerr éh*enﬁdéaqerfat@réd gil%hrtb&‘rtﬁﬁnﬁé A@bﬁﬂﬂéérg be tailored to show

|nc |ng me l'endi ng, dry blending, solution

con%qe @ﬂ'{t}? ggr [iREShHILERY IR SACkEY © sBLGAHRI FHf segments within
polymer chains and coils. Their physical size in combination with their tailorable
compatibility enables Silicon Containing Agents based on nanostructured chemicals
to be selectively incorporated into polymers and to control the dynamics of coils,
blocks, domains, and segments, and subsequently favorably impact a multitude of
physical properties. A picture illustrating attainment of a 1 — 3 nm level of dispersion

is shown in Figure 3.

The process of forming in situ glass glazings on articles molded from or
coated by polymers alloyed with Silicon Containing Agents is carried out by
exposure of the articles to oxygen plasma, ozone, or other highly oxidizing mediums.
These chemical oxidation methods are desirable as they are current industrial

processes and they do not necessarily result in heating of the polymer surface.
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In addition, the selective incorporation and maxi num

| oading levels of a Silicon Containing Agent into a
wepewsiocia1 pol ynmer can be acconpli shed t hough useTal2@4/042422

Silicon Containing Agent with a chem cal potenti al

(mscibility) conpatible witl®B the chem cal potenti al

The?(% atd'Rot686188icH EShStrdie aIPtheRIoIdad Bhiclds. Both shihdilae and thick
al ' oyed. Because of their chemi cal nature, Silicon

oo ST, B 68 o8 |Rirhale 845 52880 1o coman nanormeer
i S B R e BT S IR Pares oxetor

tail orable conpatibility enables Silicon_Containjng .
methgdris oxygerelasman diewevardon plieyscwbeaieciesRian e Silicon Containing
sel ectively incorporated into polyners and to control
Agenieistiit naneting colvinyhithsy chh bekanvededito glassngbaregrporuse to ozone,
and subsequently favorably inpact a nultitude of

per®HY&] SPévdl ROESERAR A felRibfd Hiématd tsiHerdbod Ridtiabdeizthe use of
of a1l - 3 nmlevel of dispersionis shown in Figure

Lk e f i i i ol i .
an g, B 32 i85er SPGB LG HGREBES, Cfhe choice of
ith Sjlican Containing Agents i I ed t :
metbogds lepedfionhtpas (he CBeNTEA AEATLPayReTsIBY sysem.joading level
ot her highly oxidizing nediuns. These chem cal )
of ts istigon GentainingEhemicalraAs N adldaces segregation ok @opBhithe thickness
i ndustrial processes and they do not necessarily

of thesilich sunfaceatdsirgdpand mamufbgtusingnonkitesations. A sehkematic view of
t opol ogi cal constraints on the nolded articles. Both

the Ellbfed bhdn aig glddisflednantetiaticikisheyrf indFiytifeed.al | oyed
pol ymers can be processed to contain nanoneter thick

surface glass |ayers. The nost efficient and thereby

pr flﬁ&frf eq G%rgaéfi P8 SRtdRAd thePyxigation lsBaIBe, dAuRYSdopically thin
r-a oy%

fo ere the Ron the Silicon Containing

Iay%?if@gﬁéf{ﬁ#&ggéﬁg !er? 8""&%@} IF B SARBnREHEMISS Aefnt Bontained

a metal, then the metal will also be incorporated into the glass layer as shown in
Figure 5. Advantages derived from the formation of a nanoscopic glass éurface
layer include a smoother surface as shown in Figure 6, barrier properties for gases
and liquids, improved oxidative stability, flammability reduction, improved electrical
properties, improved printability, improved stain and scratch resistance, and

improved radiation resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows representative structural examples of nonmetallized Silicon

Containing Agents.
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peroxi de, or even hot steam A reliable alternate to

t he above nethods is the use of an oxidizing flane or
woaswsroeegIer at i ng i n an oxi di zi ng at nosphere. TReETAISI08/042422

of nmethod is dependent upon the chem cal agent,

pol ymer alloy system |oading |evel of the silicon

CO@l NbNghENE %ﬁ%séﬁ@'ﬂ% SHUEREE SRERPISY | 6N reétallized Silicon

agent, the thickness of the silica surface desired,

nd. mapuf act uri ng consi derati ons. A schematic view of
Cor{?ﬂ'@'rbﬂ 'P‘ﬁ?/@g and in situ glassified materials is shown

in Figure 4. Upon exposure of the surface to the

oxi dation saource,. a n scopically thin |ayer of, glass, _..

r &t € ugares e SRIGG RGP unfomiy' dsBeisi Papfioufleiida siicon

Agent contained a netal, then the netal will also be
agentsal therat Snmreveliaiéhg sudace apdtha bulltelvhpeimargur e

5. Advantages derived fromthe formation of a

nanoscopi ¢ gl ass surface |ayer include a snoother

SurFlGcd ilsstetiesthe nofcepiual Gymparisareof am afleyed and n@noscopically

gases and |iquids, inproved oxidative stability,

Surﬁabgrg]@ggiﬂé’d Maltarbicti on, inproved el ectrical
properties, inproved printability, inproved stain and
scratch resi stance, and inproved radiation resistance.

BRIgRE. %Eﬁ@rﬁEE%e%ewgfpgxﬂgﬁgﬁfFd)&%iatil/es&ﬂ%rsion of the silicon

representative structura es of nonnetallized

Silicon . .Containin t.s, F ows representative
agelis Wg? arf%{?e(igggﬂﬁ(g)f/i\%ﬁﬂ'r@{na@%szgac}'%gi i con Contai ning
Agents. FIG 3 illustrates the ability to uniformy

OB S STEL LI A AR e s i &0

illustrates the conceptual conparison of an all oyed
surtaee. nanoscopi cal |y

FIG. 7 illustrates the ability to conformally coat an integrated circuit.
FIG. 8 illustrates the ability to attenuate neutron radiation.

FIG. 9 illustrates the effective shielding level for natural abundance Gd POSS

loaded at 50% in a conformal coating.

FIG.10 illustrates the effective shielding level for 157 isotopically enriched Gd

POSS loaded at 50% in a conformal coating.

FIG. 11 illustrates the ability to form a nanoscopically thin barrier layers inside

and outside a molded plastic article.

FIG. 12 illustrates the UV absorption ranges for metallized POSS.
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surface glassified material. FIG 5 illustrates the

chem cal process of oxidative conversion of the
weizbismem7agent s into a fused nanoscopi cal | y t hPaTgiSa®g/042422

layer. FIG 6 illustrates the roughness of an all oyed

surface and an in situ glassidied surface. FIG 7

DE:%IN[W%N %ﬁ%dﬁlﬁui?{ hEFgESs’Eg?F\Eﬁ?Nﬁ #@RCNAN@F,WRUCTURES

edrated Circui rates the ability t
attenuate neutron radiation. FIG 9 illustrates the

ef i ve shiel di.n evel for, natur
PCEST1o8 B EPese S S 0O R P RV Bl TSR pfhwositions, the
illustrates the effective shielding |evel for
follgvgag dtﬁf@&lqryf%rfpr'ﬁw@drqgﬂem@@'@ﬁa@g@"&10”56%’?3}'{“89 Agents and in
conformal coating. FIG 11 illustrates the ability to
particuian Bolyaedeat dpligoaéric Sfisesduaoxaner (F@HS) smdrﬁolabedml Oligomeric
outside a nolded plastic article. FIG 12 illustrates

Silide gW%MbBirhémré@i@Qﬁédé.or met al | i zed
POSS. DEFI NI TI ON OF FORMJULA REPRESENTATI ONS FOR

NANOSTRUCTURES For the purposes of understanding this
c ' f oyl e F8rmula [RsiO
(¥ NBEER EREE Ao ARON Mol Bd B Y Temule R0,

Ion l'i con
Contalnln ents and in rticul ar..pPol

WheGB! GoiRBrPera | T8REG AR %@ergﬁaowvrgﬂf%rarepresents organic
AQigoneric Silicate (POS) nanostructures is nade.

subptilugst | s@bgailowanesliar er taesr | aliphatie ppecsamatichgraups that may
formula [RSJOL 5] where represents nol ar degree of

additidngiiprdongdin avaetive Rirctiopalitesesich as gdootols, ubiils,t estats, amines,
(H, siloxy, cyclic or linear aliphatic or aromatic

ald&HyRIas sl Kehes, esters, olefins, ethers or which may contain halogens).

Polysilsesquioxanes may be either homoleptic or heteroleptic. Homoleptic systems

contain only one type of R group while heteroleptic systems contain more than one

type of R group.

A subset of Silicon Containing Agents are classified as POSS and POS

nanostructure compositions are represented by the formula:
[(RsiO4 5)nls# for homoleptic compositions

[(RsiO4 5)n(R’SiO¢ 5)mls# for heteroleptic compositions (where R = R’)

[(RsiO1.5)n(RsiO1.0)m(M)jls+ for heterofunctionalized heteroleptic compositions

[(RsiO4 5)n(RXSIO1 g)mlss for functionalized heteroleptic compositions (where R

groups can be equivalent or inequivalent)
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additionally contain reactive functionalities such as

al cohols, thiols, esters, am nes, aldehydes, acids,
weebwness71est ers, ol efins, ethers or whi ch nayPcomS200m042422

hal ogens). Pol ysil sesqui oxanes may be either

honDIeptic or heteroleptic. tbnnleptic systens contain

. H{ §ﬁ%? &Da%lo% fb%@%;:?abﬁg@ ?e,fs el g SbERS hfid X $@fffes but is not
S B T ) AR P Sl @g&&enﬁwﬁ@w@@

formula: [(RsiO Jlli # for honol eptl C conpositions
(NRp] iesicyanaterNGOsianid RsTh¢ syméolsiay aradpiefer to the stoichiometry of
conpositions (where R R ) [(RsiG ,5)n(RsiOi

the 83 %tll)n#f Jécﬁﬁlg |u @%tééegﬁﬁeﬁﬁé%smp'o&non forms a

conp |ons [

functi onal | zed het oSi tions

NGB S Co TR ToI5rs T dRa HHENSHT of BIVGPY dipmeygontained
above Ris the sane as defined above and X incl udes

withisuthei samestructuiet ethe valoeifoct is Beyally, thel susw ol an-treryhere n ranges
acetate (OOCR), peroxide (OOR), am ne (NR2) isocyanate

typi¢AgPromanth B4 ahbien sxnged /pidallp feond 1j tor €. et shouldhige noted that X#
stoi chionetry of the conp03|t| on. The synbol

is no?&bclﬁé ec%ntf hd ggeacrﬂm? ;f(ﬂ'gdfafér |ﬁ%P§’I FII rﬁ’&t"%{%s it merely

refers con

nt ained w t |nt nansruc aIu
cesiief 5P pwsraéﬂmcfs mﬂhurawﬁb hetislinged onilen @%ﬁge size).
to 24 and mranges ty |caInyrom1to 12. It sho fl )
Theb@yrnb@lehrl fafars to metalle ed%fnsetscﬁ(ﬁh@s@& %@ﬂﬁowpﬂutbﬁﬁ lé\c ude high
for determ ning stoichionetry, as it nerely describes
andtlbe DwestalslandingsrticdanAl B, dhmrGds @ej B, iNisEofY t4re Mn, Os, Ir, Ta,
system (aka cage size). The synbol Mrefers to

Cd,H@I,ﬁid,i\P, A4 e SBay TinB, IStePepmoSs! TpMet hat i ncl ude
ig

DETAILED DESCRIPTION OF THE INVENTION

The present invention teaches the use of Silicon Containing Agents as
alloying agents for the absorption of radiation, formation of gas and liquid barrier
properties, for the catalysis of condensation polymers, for the control of refractive
index, for control of emissive properties, laser marking, in situ formation of glass
layers in polymeric materials and for the reinforcement of polymer coils, domains,

chains, and segments at the molecular level.

The keys that enable Silicon Containing Agents such as nanostructured
chemicals to function in this capacity include: (1) their unique size with respect to

polymer chain dimensions, (2) their ability to be compatibilized and uniformly
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and low Z netals and in particular Al, B, G, &, Ce,

W N, Er, Y, Zn, M1, GCs, Ir, Ta, CdlCu, Ag, V, As,
wohoostoage7Ba, Ti, Sm Sr, Pb, Lu, Cs, Tl, Te. DBTMUSEID4/042422

DESCRI PTI ON OF THE | NVENTI ON The present invention

teaches the use of Silicon Qantaining Agents as

. [ g P rddid L &t i

dispBoe oF S 8o Fah dec e, el AP RAG: Ayt fo Bllerpome repuisive
th atal ysis of caondensati on pol s, for the .

forogg et arowps ncpuutatbaty aacsexpp Bort BFBurerBirelifioing agent by the
properties, |aser marking, in situ formation of gl ass

polymgyeahaing (Bihaiehykyicheeappailion and itmebiliyeglassify upon exposure to
rei nforcenent of polyner coils, domains, chains, and

selestrggroxitdants, anole(4iriecahbilityrtolabeaticalifhiacerppsateiraetads ithd $he Silicon
Silicon Containing Agents such as nanostructured

ConBdIRMYCAYSntk Arfd s tiee cbifeéuriingpRist renderdd tsrefrdi. Therefore,
their unique size with respect to polyner chain

the ﬂéc?@%fﬂ%oy d?ct(s?e\eét@‘ﬁ;(%f Aifddry ChRtdMing tif\%f '{éﬁ&ﬁ’or@ﬁﬁsorption

n sperse t he nanoscopi c™l eve

eGP L Sl B0 BEPAIEIYS 48'55nb Mot o tre Stcon
nanor ei nf or ci ng aﬁent by the pol yner chains, (% their

Contaibingd AdsibosinG dhe adlefiGals elastianig, gnds pnysicabgioperties of the
exposure to sel ective oxidants, and (2 the ability to _

polyotersi Thelfacions do elieat sclrstien of anbilicon&@itaininghAgent for emissive
Cont ai ni ng Agents and into the correspondi ng gl ass

and’ e80&ERG tihgse! popertireringlade, tidespautfiorwavalerfthedesired, the
selection of a Silicon Containing Agent for radiation

R BL&ifLY, 11AE! ad BRicHRVChIRBHikg ARRNt, YR Be optical
Se”rggg'%?ué%'%attﬂé 58Ging @e?gvel Sfichf\Cofafifly Ant 4Rl hg _phea
Agent, and the optical c ' | £a .
eleclBgfe Ariae el REonETon oF U bhEM s, S€ HEQ¥E fktfect seloction of

selection of a Silicon Cont afi ni rg%% Agent f&r em'.ss'iqge
a Siliern FentaiainoAoedescalalysis ¢ cdeRshlicR PPE B drglde the type of
wavel ength desired, the
polymerization, the rate of polymerization desired, and the type of metal necessary.
The factors to effect selection of a Silicon Containing Agent for permeability control
and glassification include the nanosizes of nanostructured chemicals, distributions of
nanosizes, and compatibilities and disparities between the nanostructured chemical
and the polymer system, the loading level of the Silicon Containing Agent, the

thickness of the silica layer desired, and the optical, electronic, and physical

properties of the polymer.

Silicon Containing Agents, such as the polyhedral oligomeric silsesquioxanes
illustrated in Figures 1 and 2, are available as solids and oils and with or without
metals. Both forms dissolve in molten polymers or in solvents, or can be reacted
directly into polymers or can themselves be utilized as a binder material. For POSS,

dispersion appears to be thermodynamically governed by the free energy of mixing
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sensitivity desired, the | oading level of the Silicon

Cont ai ni ng Agent, and the optical, electronic, and
wohywsiosed71 properties of the pol yners. The fact 8Cs/uS2004/042422

effect selection of a Silicon Containing Agent for

catal ysis of condensation polymers include the type of

equﬁﬂ H G mhl—P‘??S?fEeTlﬁé‘tr%ttﬂfe BPHETH igfdlip %odSEillfyeef the reactive

e type 0 necessary The factors to

selectlon i,con
s o8 0SS sopdp et g BB BT Brninitrs an pigeces areaty
nan05| zes of nanostruct ured chem cals, distributio
contributes & pZieyorabiel epdraleici (4H) iterra whiledthe entzopie |tetm (AS) is highly
bet ween the nanostructured chem cal and the pol yner
faverableshecduse dfahdimendstoplic edged sire ShididistbGtion af midng
Agent the thickness of the silica |ayer desired, and

:”%8%66\% the‘gl_lnl%ﬁlgﬁgmlccfor@ésddlﬁ\hﬁgld%eré’ibﬁ Faftétdls%scéﬁtnbuted to by

yner on Contalning Agents, such as th
kmea' o0V580 ot S5 o RRY SR e Soiyoning o

w thout netals. Both, f di,ssol ve in | te .
a"owt@gy;ﬂ%"tﬁt'q SRRJSIE2ISe pIces Pybe; abiiy i Sgme.Blliogn Containing
into polyners or can thenselves be utilized as a
Agdrits temelteatearingar tive prezessingdesiparaiuses appost polypass.
t hernodynami cal |y governed by the free energy of

m xByngeatrallingrtheDéhemioel 7RG) protbssingtparamettersheaRoreinforcement
group and ability of the reactive groups on the POSS

anocﬁfféeafi@/lﬁﬁf%ﬁt pdYmbR &f 8 1V8 hih ReJeY BahSh&REhRvetdeevirtually any

gr eat contributes to a favorable enthalpic (DH) term

pol)ﬁgg ‘é;gétgtj% %[%mBBtr&te‘delh“i‘:thﬁ% 3 S i@ 8f1ga\fﬁ’i¥1gbA§ents can also be

scopi cage Sl Ze an
forces drivi

utiged g corapinafian 1Y 6o MESTRI0RE HiPTe dorinKeh ST EEgsifple benefits

forces such as occur_ during high shear m xing, solvent
relagiventt renhancemesys nef  phiyeicrl r@@p@ﬂ@SSdargebnSfaén allesistance and
aided by the ability of sone Silicon Containing
radiation absorption. Thus, metallized or halogenated Silicon Containing Agents can

be used in combination with tungsten or boron particles to provide highly neutron
absorbing effective coatings with resistance toward other types of ionizing and non-
ionizing radiation. in such instances, metallized Silicon Containing Agents containing
isotopically enriched isotopes of boron, samarium, and gadolinium are of particular
utility. Such coatings are of high value for terrestrial and space based electronics,
mirrors, portals, structures, and vehicles, and for terrestrial and space based,

sensors, microelectromechanical machines (MEMS), and food packaging.

The present invention shows that property enhancements can be realized by
the direct blending of Silicon Containing Agents, and preferably nanostructured

chemicals, into polymers.
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Agents to nelt at or near the processing tenperatures

of nost polyners. By controlling the chem cal and
wonros@seiTng par anet ers, nanorei nforcenment and PO®/US2004/042422

alloying of polyners at the 1.5 nmlevel can be

achieved for virtually any paokynmer system as

' ' ! aﬁ%beS,thn FCBHfa‘ﬁﬂlﬁ% ﬁ%érit§qmecﬁﬁﬁé’étﬂhd?9reegéﬁémdé?§‘ possess

| so be utilized 1n co tion with macr oscopi c

f| N rs t [.Sl n

sphagonfianes L&l SigS sﬁ’;@e&%ﬁ@ﬁ%@#@r%@%&i & FhObbEr spheres,
resi stance an di ati on abs Thus, netall jzed .

anch beralananay USEENP IS ARG 1 AGURL St L0 g qviscostty of
in conbination with tungsten or boron particles to

polymev syiehiisg hT lyis reamnefitmthensiocessigg emolding ver eeatingnefsarticles using
W th resistance toward other types of ionizing and

suchOnaRdHaibyst Hatiiragis)ryet lwitts tiod dduetiaberesfits nEft mlimforssmnent of the
Silicon Containing Agents containing isotopically

mdi%lHu‘a? hﬁé’lgh%‘i’t %Hﬁﬁso‘cdl}é)rt%n th€ 2RBHOSEBP I@nﬁaﬂﬁé")bf niHém chemicals.

rticular utility. Such coatlngs are of

Sulgﬁ qﬁ%pggﬁ%%sﬁ.{rélojttﬁéﬁan@ rozga%% ﬁhﬁ?&l@qoﬁxﬁhhgrﬁ@feﬁts results in the

terrestrj al ace ased nsor s
in St fBlatlon ShBEnaRRLG SRS B EXRRESD SHHACe®odrigures 4 and 6
packagi ng. The present invention shows that property
illusirete e oxitiadion af sifisonealsugh @stjisesquigkanas topglagsl kiposrexposure
Silicon Containing Agents, and preferably
of thanesioraliyetqsblgiente ahsnxidlizihg sookgaTdressiBemaud® bonds are broken
Silicon Containing Agents |ike nanostructured

and HITRGbap ROREES SPhatilaRhchdRBRsSrodDel. TheghRney %6 tidé silicon is

X-ray di ffractl on studies), like nolecular spheres,
maﬁ\@%a?ﬁﬁtﬂw \li/}‘?és/ glgéslﬁ oéfvga%é%”?&r%e?ﬁ% B Sd)rl rﬁri%txw&n #toms, thus

R kR A e I T
thist g?as%dgﬁgfagg nlgfy(le; Sis ocgbtc[aienlerc]lf ?ﬁr‘éﬁgﬁ nttheOfus}ehof nanostructured Silicon
Containing Agents while the prior art requires the use a secondary coating or
deposition method that results in formation of a micron thick layer of glass on the
surface. The nanoscopically dispersed nature of the Silicon Containing Agents within
and throughout the polymer affords the formation of the glass layer on the inside and
outside of molded articles (Figure 11). This is of tremendous advantage for articles
such as bottles and pouches, as it allows for an in situ formed glass barrier inside
and out, while the oxidizing source also provides sterilization. Such glass layers are

also advantageous as they provide a more desirable surface for printing product

information directly on the package.

Additional benefit from the use of such nano-alloyed polymers is the ability of

such materials to self-heal in the event of a loss of the surface glass layer. In such
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i ndi vi dual polynmer chains due to the nanoscopic nature

of the chem cals. Subsequent exposure of the
waams/add7oyed pol ynmers to oxi di zi ng agents resBCTAISRIV4/042422

the in situ formati on of nanscopic glass on the

exposed surfaces. Figures 4 and 6 illustrate the

0X i O . : SO -
an e fbeghble SPESS CHRAnT ALLTRRSIEeheat the ool
oxi di.zi ng sour.ce the silican - R bonds are broken and.
glasehirfeqs: Qe aaPles o UBIE/IPIN SHICOIVELRRR i adiglk saddtealing glass
The valency to the silicon is maintained through the L
surfagsi layeofupeiyeaxposyer Her apy okidaali n§ushy gentrak eysr compatibility,
t hus rendering the equival ent of fused gl ass Figures
disgersdiility, sizes andfmanuiicturabilitynisturprecéddrited fgt &raditional fillers and
surface | ayer is obtained through the use of

coaﬂﬁggrééﬁh’(ﬂbgire@.d_ @bbﬂiﬁgnle@@@t@fi HeNSilit8RNESntMMihg Adehts can range

pr art Tequires the use a secondary coating or

vor RSORS00, I PR el 1008 By g,

nanoscopi cal |y di spersed nature of the Silicon

Cont ai ni ng Agents within and throughout the polyner

affords the formation of the glass |layer on the inside

and outside of nolded articles (Figure 11). This is of

trenendous advantage for articles such as bottles and
EXAMPHRS, as it allows for an in situ formed gl ass

barrier inside and out, while the oxidizing source

al so provides sterilization. Such glass |ayers are
Genrerad Paduess ¥aeialde s dppiieabls DoiAlbPeocessesiesi r abl e

surface for printing product information directly on

t he package. Additional benefit fromthe use of such

nangs & typNed Vit ¥ABAtcdl orbbessii ihdrg e aufimpat ef vafigbles that
to self-heal in the event of a |oss of the surface

B Bl IOR, YRy B SRR oy procs

Varmpﬁﬁdrgﬁgicpg tﬁ%ﬁg@‘éé%?ﬂé@p}iﬁ&&&%ﬁé ) ioP SﬁiicE)H Containing Agents

into plastics include the size and polydispersity, and composition of the nanoscopic

agent. Similarly the molecular weight, polydispersity and composition of the polymer
system must also be matched between that of the Silicon Containing Agent and
polymer. Finally, the kinetics, thermodynamics, processing aids, and fillers used
during the compounding or mixing process are also tools of the trade that can impact
the loading level and degree of enhancement resulting from incorporation. Blending
processes such as melt blending, dry blending and solution mixing blending are all

effective at mixing and alloying nanoscopic Silicon Containing Agents into plastics.

Alternate Method: Solvent Assisted Formulation. Silicon Containing Agents can
be added to a vessel containing the desired polymer, prepolymer or monomers and

dissolved in a sufficient amount of an organic solvent (e.g. hexane, toluene,
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surface | ayer upon exposure to an oxidant. Such

control over conpatibility, dispersability, size, and
waoamsfoaed7ur abi ity is unprecedented for tradit PONAIS2004/042422

fillers and coating technol ogi es. Loading |evels of

the Silicon Containing Agentsécan range fromO0. 1% -

dic@gfégrﬁ%&hﬁ%g&gﬁ%\g& hfigomiAEar s8Rehfinge difeem HE -fo%ﬁﬁ(ﬁéew of one

General Process Variabl es Applicabl

To All Pr e [ pi.cal  w heni . .
nomSaRouS BRERRr o1y ahilrthischesr Sy Ted iRt High, shes, ajsufficient
used to control the purity, selectivity, ra and . .
temiPEEAHFR 490 BSUE AOSAELE: 8YX0g, ok %e@'mw#@iﬁwgwm'e solvent s
process for the incorporation of Silicon Containing
themgemaveidnaodplegoveras undeudecunm oF Zusirghd similar type of process
pol ydi spersity, and conposition of the nanoscopic
inclagignt distlatiohar Ngtet theit sobeearitienl fleidgsuch e €O.sexat alsoybe utilized
and conposition of the polyner system nust al so be

as &1 oﬁggﬁ?ﬁéfr f’éﬁ’?ﬁe tfl?fﬂmé?lf)lﬁﬂ%l_r&%drbéﬁ@o%ﬁiéz‘i ThE 9o AUBAY formulation

Finally, thekinetics, thernbdynam cs,
0Cessi i fa .1 ng the
maf BfRGEER ode WPt B fey bsBhleMiFEodtihdoars of che
trade that can inpact the | oading | evel and degree of
enhancenent respltin romincorporation. Blendin o
The, BaBElER PLayidechbelaiy shiEharh e Breirypd:a figinidfoward specifi
solution mxing blending are all effective at m xing
matgiigl apmbifiatigna i 6908lIPBSSi | i con Cont ai ni ng Agents into
pl astics. Alternate Method: Sol vent Assi sted
Formul ation. Silicon Containing Agents can be added to
Exampks $ cMoistureiandn@as [Bardiesi r ed pol yner, prepol yner or
nmononers and dissolved in a sufficient anount of an

or gRNSHicsR! Eentaitifg JAgBRK NG ihedrpeRaedi b Otheplolanér by melt
etc.) or fluorinated solvent to effect the formation

conﬁ}fﬁo it rﬁg%g:ﬁ&lg t &;gﬁflmé%%ﬁ?ﬁ'&l & BrocessBANnkS HiheBllowed by
permeation measurements made on Mocon® equipment for nonglassified (Figure
4a) and glassified (Figure 4b) (oxidized) films.

Typical oxygen plasma treatments range from 1 seconds to 5 minutes under
100% power. Typical ozonolysis treatments range from 1 second to 5 minutes with
ozone being administered through a CHxCl, solution with 0.03 equivalents Oz per
vinyl group. Typical steam treatments range from 1 second to 5 minutes. Typical
oxidizing flame treatments rangé from 1 second to 5 minutes. Similar oxidation may

be obtained through laser marking techniques via use of a laser operating in an

oxidizing medium.

Polymer POSS % POSS  Oxidation *PW/O *PW *Perm post
Loading  Method POSS POSS oxidation

PMMA MAO702 5 Plasma 0.1 (0y) 0.07(0;) 0.03(0y)
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tenperature to ensure adequate m xing for 30 m nutes

and the volatile solvent is then renoved and recovered
wanasroeeacuum or using a simlar type of proceBeT/US2004/042422

including distillation. Note that supercritical fluids

such as CO2 can also be utiliized as a replacement for

Nylllla)ltﬁ‘ %6%85 [S] qydr ocar q;q If?aOI vents. The g@&jﬁ [l g (Oy)

H"may then be used directly or
subsequent processi ng. The exantiOgslLQx 0\145ééH2Q)eI ow

uld onstruedy;as |im i oW ecific
Nyl% erl%{ﬁ%ga(ﬁ‘b ﬁati ons gPrl ahdi t%gﬁg)zs V‘%JQ(@B
Moi sture and Gas Bar rier A Sili M(H@ht alsm(H@)Agent

asul?m@’eancamlﬂy%@cémrm ey e (gae C@r@cé@%e@rlfh
foll owed by perneati on neasurenents made on Mocon(r)
equi pnent for nonglassified (Figure 4a) and gl assified

( FiThg @indings(showlitztdhcbigomation vpsarlll gergentagel Badings of POSS
treatnments range from1 seconds to 5 m nutes under

mto@r@Zﬁ@? F%ré@(ﬂ}be% rQ&@cﬂéﬁ ééi’nﬁe l5llfﬁ2tt8?3<¥$eﬁ %‘Fl@%%fe?.m'l'%e barrier

sec m nut es one ni stere

to tiaHagP g}mﬁfﬁhﬁy5?@%9“545$>é8md%i‘8§s??i9{‘ﬁﬂ5é§?@§3@?%5%3 ad

second to m nutes. Typical oxidizing flame

treatrrents range from1l second to 5 mnutes. Simlar

oxi dation may be obtained through |aser marking
Exaraphen2gNestronaRadiation Batrigter operating in an

oxi di zi ng medi um Pol ynmer POSS % POSS Oxi dation *P WO

* POp eI ¢1eaf shepiisgoniring vapbes Réssing et isfnGd POSS were
formulated into the FireQuench® 1287 resin system. A foil of Au was sandwiched
between the Gd POSS® FireQuench® alloy. The samples were then exposed to a
nuclear reactor that provides a watt fission neutron spectrum (energy range: 1-20
MeV, Ave. :~ 1 MeV). Only thermal (0.0253 ev) and epithermal (>0.5 eV) neutron
flux were measured. The total neutron flux was measured using high purity gold foil.
The reaction involved is Au-197(n,£8) Au-198. A cadmium cover was used to
determine the thermal component of the total neutron flux. The absolute flux was
determined from the measured induced activity in the gold foils. Gamma
spectroscopy is performed on an energy and efficiency calibrated high purity
germanium detector (HPGe). The measured neutron flux distribution at 950 kW is
3.57E+07 n/cm2-sec thermal and 1.27E+07 n/cm2-sec epithermal. The calculated
error in flux measurement is 0.75%. The reduction in neutron flux scaled linearly
with the wt% of Gd POSS loaded into the resin (Figure 8). It was calculated that for a

2/3 reduction in thermal neutrons a 1 mm thick conformal coating containing 50% by

weight natural abundance Gd POSS would be required (Figure 9) while only a 0.1
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calibrated high purity germani um detector (HPGe). The

neutRABCHRdra@ydnts n fasixedirshriuimor tioerapy. 950 kWi's -
3. 57E+07 n/cnR-sec thermal and 1.27E+07 n/cnR-sec
epi thermal . The cal cul at ed

Example 3. UV, VUV, Visible Radiation Barriers and Emissive Additives
- Samples of various metallized POSS were exposed to UV through visible
radiation and their absorption characteristics are shown in Figure 12. It is clear that
the absorption characteristics can be tuned through adjustment of the metal
contained in the system. For example, Ce and Ti based POSS are particularly good
absorbers for a broader spectrum of UV radiation than a narrowly absorbing Al
POSS. Further, it has been shown these systems can be incorporated into optically
clear polymers and composites and subsequently converted into nanoscopically thin
glass surface layers which may offer an additional advantage as radiation absorbing
top coats. These coatings will find utility in a variety of polymers including silicones
which are degraded at 150 nm and in polycarbonate which is degraded at 243 nm.
Additionally useful are the emissive characteristics of several metallized
POSS systems. For example, Tb POSS is a strong green emitter upon exposure to

black light while Er POSS is an emitter upon excitation by X-ray. Such systems



10

11

12

13

14

15

16

17

18

19

20

21

error in flux neasurenent is 0.75% The reduction in
neutron flux scaled linearly with the wt % of Gd PCOSS

woOaemd@dod7nt o the resin (Figure 8). It was cal ceCatsen04/042422
that for a 2/3 reduction in thermal neutrons a 1 mMm
thick conformal coating conta®ning 50% by wei ght

auogﬁa 4543 W?H&g%ﬁﬁm@e@o@?@m %a%s&@ﬂaamﬁ@oﬁﬁbméu gld¥ses have

l'e o coating of isotopically

nriched 1 vi d a evel
LSR5 5 8 A Pt B PRAEEL sl el i v
for boron and sanarlunmPCS§6s tens. Thus rotec
they, PORARSASR TERAsHS A WL SBbR G RGN d BB G T apge vseful for
can be achi eved using conformal coatings containing B,
ele@rivityoger@tathasBy dbdisplares]l. These additives can al so be
i ncorporated into conposite resins to render
structural conposites which also aid as neutron
shields. The | arge nunber of hydrogen atons per POSS

rmal i zing fast neutrons, thus
Exé}ﬁgﬁ atﬁéﬁﬁgy?éﬁ%%ﬁugé by the B, Smor Gd atons. The

ey SRR rs AN S o ke %ﬁn@%%@%‘% formulated

as nore effe t|ve neytron capture_agents in f
intoeaRURTRY (A0 BN Safip BedohBgva geryelian were measured
Radi ation Barriers and Em ssive Additives Sanpl es of
usingei refractometer it diffaresingidant svayesengthes The seriesghows an ability
vi si bl e radi ation and their absorption characteristics

to ﬁﬁé? t6hOiRe | idffaicBve 6ndéx Hoth i maredvelgrihtrdwgh ichenges - in the metal or
absorption characteristics can be tuned through
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shown t hese systens can be incorporat ed into optically
refrapiévg indeKyner s and Conposi tes and subsequently
converted into nanoscopically thin

Sample RI@589nm RI@414nm

PM1287 1.4553 1.48660
Er-POSS 1.4582 1.48590
Tb-POSS  1.4586 1.48680
Gd-POSS  1.4585 1.49460
Sm-POSS  1.4591 1.48750
P-POSS 1.4548 1.49060
Y-POSS 1.4580 1.48660
Sn-POSS  1.4607
Octathiol
POSS 1.5470

Example 5. Condensation Polymerization Catalyst

Optically clear samples of two part polyurethane, epoxide, and siloxane were
obtained through catalysis with various metalized POSS. For example, Ti POSS
loaded in the 1 ppm level and higher was found to promote the rapid condensation
polymerization of polyurethane while Sn POSS was found to be advantageous in the

cure of silanol and silane formulated silicones. In each case, cure was accelerated
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e refractive index val ues were neasured using a

refractometer at different incident wavel engths. The

series shows an ability to fine tune the refractive

i ndex both narrowly through changes in the netal or

radically through changes in the functionality (e.g.

thiol). The nore pol arizable electrons on the netal or

the R group on the POSS cage |eads to a |arger the
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Gd- PCSS 1.4585 1.49460 Sm POSS 1.4591 1.48750 P-POSS
1.4548 1.49060 Y-POSS 1.4580 1.48660 Sn-PCSS 1. 4607
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2.

Pol yneri zation Catalyst Optically clear sanples of two
part pol yurethane, epoxide, and sil oxane were obtai ned
t hrough catalysis with varb?ﬁﬁwgetalized PCSS. For
exanple, Ti PCSS | oaded in e ppm | evel and hi gher
was found to pronote the rapid condensation

. Po A ahid kethubintBhielis Sladinron f adhyrensuhEse tiihsing the

formul ated silicones. In each case, cure was
accders @t edt hr ough increase of tenperature and

catal yst | oading. A particular advantage of these

nmetallized catal ysts are their low flamuability and

m gehtincorporkiingt at tieastr ohar nanascopicallyredispersetluanthegized Silicon
advantage is their ability to be converted into

gl asemainmyAyensiety e piyrhet;lagds to reduce shrinkage
and i nprove the oxidation of perneation properties of
the resulting polymer. What is clained is:CLAIMS 1. A

m‘:‘t(Pgd fXiditifGTRE s t@f&h@é?ylé@ﬂﬁye@n a pol ymer

surtace conprising the steps of: (a) incorporating at
| east one nanoscopically dispersed and sized Silicon

The method of claim 1, wherein the glass layer provides a barrier to attenuate
a member of the group consisting of water, oxygen, neutrons, ultraviolet

radiation, and visible raditation.

The method of claim 1, wherein the refractive index of the polymer is

controlled through selection of the Silicon Containing Agent.

The method of claim 1, wherein the emissive properties of the polymer are

controlled through selection of the Silicon Containing Agent.

The method of claim 1, further comprising laser marking the polymer after

formation of the glass layer.
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Contai ning Agent into a polymer; and (b) oxidizing the
surface to forma glass layer. 2. The nethod of claim

wa 2008060681 N t he gl ass | ayer provides a barri er PCO/US2004/042422

8.

10.

11.

12.

attenuate a nenber of the group consisting of water,

oxygen, neutrons, ultraviolee2radiation, and visible

I adiHAiRod %(5 JTQF?? Neteskefi acp@iditl of VEigsE errﬁQiningh Agents is
refractive I ndex of the polymer is controlled throug

sel.ect | : R Cont ai ni ng Agent. 4. The

met %OJp(g%t%ﬁérftﬁﬁq‘?po ée}i'n the em ssive properties of

the polyner are controlled through selection of the

Silicon Containing Agent. 5. The nmethod of claiml,

further conprising |aser marking the polyner after

formation of the glass layer.6. The nmethod of claiml1,
wherein a plurality of Siljcon Containing Agents is

i nchepmedined af iain Ae whargineihe Rolymes isdd RoBhysicel sipta selected
1, wherein the polymer is in a physical state sel ected

f r drorh hiseggooyp consistingngf ofls ol rphows,phemigrystalline, crystalline,
semicrystalline, crystalline, elastoneric, and rubber.

8. eldgionrtieodn@frulsthéi m 1, wherein the polyner is a

pol ymer coil, a polyner domain, a polyner chain, a

pol ynmer segnent, or a mxture thereof. 9. The nethod

of claim1, wherein the Silicon Containing Agent

reinforces the polymer at a nolecular |evel. 10. The

met hod of claim11, wherein the incorporation is

OREAEINSY dHetahL TR BRS Ghe Belet is WBESHRE 851, & potymer

i nc reacti ve.

domain, a polymer chain, a polymer segment, or a mixture thereof.

The method of claim 1, wherein the Silicon Containing Agent reinforces the

polymer at a molecular level.

The method of claim 1, wherein the incorporation is nonreactive.

The method of claim 1, wherein the incorporation is reactive.

The method of claim 1, wherein a physical property of the polymer is

improved.
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12. The nmethod of claim 1, wherein a physical property
of the polyner is inproved.13. The nethod of claim 12,

wohers@eos7t he physical property is sel ected froRCTHS2004/042422

13.

14.

15.

16.

17.

group consi sting of adhesion, water repellency, fire
retardancy, density, |ow diel&ctric constant, thernal

CO”ﬁVé:Wlé&hBM of RI4RE 127 Wlf?érélhoﬂhe Nhﬁ‘iébﬁ'ﬁrbpeﬁ?'lé selected from the

transition, st or age modul us, rel axatlon stres

tblr %rgasccaqn%@sgﬁ% &n% ﬁé%léﬁ aw‘éf‘er rfek)%ﬁ’er'i ﬁé%fa‘?‘dancy{ density, low

meabi

r adi atl on absor di on.em ssi on ref

i nodiflecHiey %F%ﬂ Eﬁ%ﬂ‘glt )ponggctl\ﬁﬁye W@Fﬁoﬁa'8$'{'€'i"aivl'ﬁ°f,$'ty’ melt
wherein the incorporation is acconplished in
contrnsitioryrstarage modubsstrelaxetionneiress ltragsfesy almpion vesistance,
that is macroscopi c or nanoscopic. 15. A nethod of
confitenssaistancgobipiyicat addropatdalitp) gas spereatilityrepsrosity, radiation
conprising the method of claim1l wherein the Silicon

Conék?édﬂbt"% "?‘Q@f&hoh%n‘?@é@h' tiRtiva itbidy %hﬁ%pt%@ﬂ@ualﬁy ng

the step of polymerizing the nonomers before the
surface oxidation step. 16. A nethod for formation of
a neutron radiation barrier conprising the step of

i ncorporating a netal selected fromthe group
consisting of B, Gd, and Sminto a POSS cage. 17. The

d of .cl n . . .
thef‘g%er%@#g cghé?mlzddqnmere gfetlﬂgmefgﬁéfrﬁgk%@ﬁsqg 8cdnplished in
combination with at least one other filler or additive that is macroscopic or

nanoscopic.

A method of condensation polymerization catalysis of monomers comprising
the method of claim 1 wherein the Silicon Containing Agent is metallized, and
further comprising the step of polymerizing the monomers before the surface

oxidation step.

A method for formation of a neutron radiation barrier comprising the step of
incorporating a metal selected from the group consisting of B, Gd, and Sm

into a POSS cage.

The method of claim 17, wherein the barrier is used as a therapeutic chemical

in fast neutron therapy.



