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WD 2008/ 051190 PCT/ US2006/ 032651 1 1 METALLI ZED

NANOSTRUCTURED CHEM CALS ALLOYED | NTO POLYMERS 2 3
w@e@s®s5Red er ence to Rel ated Applications 4 Thi BCT/US2006/032651

application clains prioritytfromU. S. Provisional

Patent Application Serial 5 No. 60/709,638 filed

merAfLTeed haBRROGT b EpedichlkoALLBYER LA ROy vmERS

the physical 8 properties of a polynmer and, nore
particularly, to nmethods for alloying a netallized 9

nanost ruct ur ' ' ; hance t he
properties o%ﬁﬁgtﬁbgkﬁb%ag%&]ﬁ%ﬂ&ﬁgTHE
I NVENTION 11 It has | ong been recogni zed that the
fihim applicationf clpivhy peiostycliombe. S.oRtavididral Patent Applicatipn Serial
degree through variabl es such as norphol ogy,
No. 6OPPOPERBIfifed Augdst f®rapodynani cs and processi ng
conditions. It is simlarly known that various sizes
14 and shapes of fillers (e.g. cal cium carbonate,

silica, carbon bl acﬁ:igrngpﬂ,{e Iffentiorcan 15 be

i nserted or conpounded 1nto a polynmer to somewhat

control both polynmer 16 norphol ogy and the resulting

phkhis ciavepliarpeneldtes . garerally tioeimetbots dfast ankancing the physical
pol ynmers (including anorphous, sem -crystalline, 18

propéitieste 4 ippBmenimer moed pajtictsiess methedddoablieying a metallized
anmounts of internal and external free 19 volune (see

nanot'éitr%fﬁ%&)chemi’@alfir'it%ganwlgg{é?tt@%nﬁaﬁé% YHEprdpttie of the polymer.

remendous | nmpact s physical properties,
since it is within this volune that the dynamc

properties (e.ﬁf\co@égwﬂéﬁépqﬂéiwﬁb\mb , rotation,

crystallizatio chalns primarily operate
22 and in turn influence fundanental physical

prio pastiong been reasgrized that thé ipeoperties 23 potymierstdan bg controlled
glass transition, nelt transition, nodulus,
to aelgRl i yrest tRiugh aidddlles such as morphology, composition,
thermodynamics and processing conditions. It is similarly known that various sizes
and shapes of fillers (e.g. calcium carbonate, silica, carbon black, rubber, etc.) can

be inserted or compounded into a polymer to somewhat control both polymer

morphology and the resulting physical properties.

In their solid state, all polymers (including amorphous, semi-crystalline,
crystalline, rubber, etc.) possess considerable amounts of internal and external free
volume (see Figure 1). The free volume of a polymer has a tremendous impact on
its physical properties, since it is within this volume that the dynamic properties (e.g.
reptation, translation, rotation, crystallization) of polymer chains primarily operate
and in turn influence fu‘ndamental physical properties such as density, thermal
conductivity, glass transition, melt transition, modulus, relaxation, stress transfer,

and surface properties.
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24 and surface properties. WO 2008/ 051190
PCT/ US2006/ 032651 2 1 The accessibility of free
waedognel1pn a pol ymer system depends greatly onPCT/BS2086/032651

nor phol ogy. As shown in Figure 2, for exanple, denser

regi ons and phase 3 separation within a polynmer can

both i ncrease and decrease the thernodynam c and 4

kiThe: pecegsdiillly afdreq valumeis a pRlymes system depends graally on its

on thernodynam c and 5 kinetic properties, polyner
morpholqgyol ofys $hoven naj bigurac? ofort exanipled densée ragionst gnd phase

of 6 conventional fillers fromaccessing the free

sepakRiomRithiagi polymdr canfsuthl dreass bRt decred¥idine thBAhodynamic and
processi ng/ conmpoundi ng effort is normally required to

kinetfcoPESeSSS 16 YRAL %Fé'a!s'. Z%éé%@sge{)f"’ﬁﬁnmﬁyéh% n ﬁgtgm?odynamic and

mer system because conven I onal ers

cooEBFHEIRY R, PO €3 YRGBT B e aby o

mel ting isoI ids. 11 Prjor art i n conpoundi ng, has
convegtienaldfillest fiare AqsepainanGieptes HaluBgstegiansin B Palymer system.
smal |, | ow nol ecul ar wei ght nol ecul es (liquids and
Additmnal dspracessingoompaunding zeefforbr is 13ngrmallyi crequingd to  force
agents and with nacro, mcro and nanoscal e

competittilizatioatetweén di filldrrandea polyneosytemt hevause. @pnventional fillers
inorganic) to that of the polymer (organic). The

are 6Hy3fddu9naf§erahaﬂ5n@étaﬁawbzId}aeﬁ%n& he bﬁeﬁ\a&nymlwﬁmar and

sli ppage o mer chains by one anot her,

usuag»'?%g%@ﬁwgmﬁ%o&ns?sab' o and et Ty o

r system 17 Simlarly fillers,
vvhi ch have traditionally been conposed of fibrous or

cul at e i ds, have been.conbined wth .
et A EomnfufaoSisdPRlFeT 6 diciieeride polinen ystems with
dlnen3|onal stability, inpact resistance, tensile and
smalb dayr @%QWVSW?'QHQMQC%I%I (liugds Reengalids) kppwnias plasticizers or
Unfortunately, where plasticizers are too small to
plasticizing argemtp @ngnwith rRdcrohamicry andaindscakd paiticutates axf edissimilar
too large to reinforce individual polynmer chains and

compasitieyen;. Snofgdnic)r ® @i &f il Pofmeed forgahic).zeThé Gunction of a
macroscopli cally reinforce | arge
plasticizing agent is to aid in the slippage of polymer chains by one another, thus
improving the processability and manufacturability of a particular polymer system.
Similarly fillers, which have traditionally been composed of fibrous or particulate
solids, have been combined with polymers to enhance physical properties such as
dimensional stability, impact resistance, tensile and compressive strengths, and
thermal stability. Unfortunately, where plasticizers are too small to reinforce polymer
chains, traditional fillers are too large to reinforce individual polymer chains and
segments.  Fillers are traditionally utilized to macroscopically reinforce large

associated or nearby groups of polymers rather than the individual chains and

segments within these polymers.
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23 associ ated or nearby groups of polyners rather than
the individual chains and 24 segnents within these
w@odognerige WO 2008/ 051190 PCT/ US2006/ 032651  3pdT/U$20h&632651
been cal cul ated that as filder sizes decrease bel ow
50nm they beconme 2 nore resistant to sedinentation
and are nore effective at_providing reinforcenent tgo
3 ldeas/heen saloulaiad dhat 3% Hllrghizen docrease RAIGW S99 rthey become
over physical properties. The 4 full application of
moretresistantdorsetirnantakionvdnsdgre, mbeneffectjvehalsplioyishing reiatareement to
by the lack 5 of a practical source of particul ates
polyriért Sysiemeciridesrédquentiy itipeaReng conbiel ever pieysidal pioperties. The
range and especially at or below the 10 nm range.

full aggﬁeédg@ﬁ'cgﬁhﬂé tAESitiRhl v‘éhcgvgl@ﬂ%& k& dr ﬁ?ggébh%@ﬁrtbwy the lack

! 0 |sperse O!‘ V\Ihl ! ve contro and narrow
o Byl B L AR TBpb A AeGER low e s0

systens, In addition, these particles wouyld be ] .

nm rgage\anchespesigih at o4 kelow dhaell 881 r§ne% ?ﬁ%l?@ﬁﬁ?i%ﬁra‘b'e are
and hence shoul d appear transparent when conpounded

metallit particleplthat aresnonadirpersetorditvieh hawe wostrioded and narrow particle
nanosci ence have now enabled the ability to cost 13

size distsmitions! as twase ans expestedterfoiralthgquaosi stabte dispersions within
materials that are best described 14 as netallized

polyrﬂ@P@?éthﬁ UrPHaGhieA! fidlse hificle W&ﬂarbé%ﬂiﬁél&NQHé length scale

precise chemcal 15 formula, hybri

apl G:.Or
neceghS! BCRatied (AT Ru LR, SRud BRERat baffpa@P yhEiompounded
. chem cal nolecules (0.3-0.5 nn) and relative to 17
into PIgelE sized traditional fillers (>50 nm. 18
Nanostructured chem cals can be based on | ow cost
Pol yhedral digonmeric 19 Sil sesqui oxanes (POSS) and.
PORGeRIr develppifenis: inc naneseianes; haped)ow lad 3t abjlity to cost
nanostructured chem cals which are al so known as
effedtivelyhedinafacbliiegoommerciap Yuibtitidd of esajaiialeatinat aferdis) described
are cages that contain one or nore netals inside or
as metallized nanostructured chemicals due to their specific and precise chemical
formula, hybrid (inorganic-organic) chemical compaosition, and large physical size
relative to the size of traditional chemical molecules (0.3-0.5 nm) and relative to

larger sized traditional fillers (>50 nm).

Nanostructured chemicals can be based on low-cost Polyhedral Oligomeric
Silsesquioxanes (POSS) and Polyhedral Oligomeric Silicates (POS). Metallized
nanostructured chemicals which are also known as Polyhedral Oligomeric
Metallosesquioxanes (POMS) are cages that contain one or more metals inside or
outside or bonded to the cage. In certain instances cages may contain more than
one metal atom, or types of metal atoms or metal alloys. POMS are illustrated by the

representative structure and formula shown in Figure 3. Note that POMS are
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22 outside or bonded to the cage. In certain instances
cages may contain nore than 23 one netal atom or
wao yessado netal atons or netal alloys. POVS arBCT/US2006/032651
illustrated by the 24 representative structure and
formula shown in Figure 3. Note that POVS are WO
2008/ 051190 PCT/ US2006/ 032651 4 1 structurally and
structyain s abd o saMPpsitionally edivatsenegnd omesli wostaiar agveral polyhedra,
pol yhedra, 2 pol ynorphs, and conpositional variances
polymbgihs; amdbepmpositiaral vavianoes tieat cdrebehyitizedito c8ntrol the physical
properties of the POVE and the naterials into which
proptAiRY & el POMP Ut 88 hbteHa$ intd v%lch ﬁhéy ke R&STporated (Figure
cages, POVS systens contain hybrid (i.e
4) organi c-inorganic) 6 conpositions |n mhlch t he
" internal frameworks are primarily conprised of
inorganic 7 silicon- oxygen bonds. The exterior of a

RALEOSY ek PR ol b b e

t|b|||t and. 9 tallorablllty of the

Commﬁi N% NG the ivteTnghiARSYMIReere Primadk comprisaskef inorganic

properties 10 of nmetallized nanostructured POSS
silicarhexygen boads dihecaxtesdr ioh aungnostauctuneois cavered 3gobstereactive
and by Hanssen, van Santen, and Abbenhuis, 2004 Eur.
and Jnohimaictive Cbﬁgamc 1ﬁ1rﬁbTBn8l&|esb0(lH) IthhpCﬁrtmﬁd leerRiatibility and
by reference. Unlike netal fillers or particulate 13

taﬂorfa'blillt;ebﬂhé hﬁﬁ@st’?@t@ré‘ W’tﬂsérbblﬁfc%(ﬁgm‘é@ Mreaks a"i‘{oeﬂﬂ’\fer properties

| ow density (range g/m)

[ I
of nigiafifed i foatlERPe’ HERS BRMupabadht ?*SCZ%FEQ h US. Pat No
tronic erties d radiation tol

5588502 4 by HarTeena v aRSaRERs 81 dubennviso 2564 Eaur. d7inora. Chem.
Prior art associated with fillers, plasticizers, and

675-831 ettt inerpamted hearain hytreferenemenalifiee masak fibefsaee particulate
control polyner chain, coil and segnental notion,

fillergphesal PONS aambsmmunnedmrtemicatsearei cﬁsiowtdensitgl(mgean 17 g/ml to
| evel . Furthernore, the m smatch of 20 chem cal

2. 04n§rhﬂ)1tmghly(cﬁsaersm iRl pdlymerd andbidivdnts; exifibt 3@ENSRInherent

hydr ocar bon- base
fire retardancy; optical, electronic properties, and radiation tolerance; and can range

in diameter from 0.5 nm to 50 nm.

Prior art associated with fillers, plasticizers, and polymer morphology has not
been able to adequately control polymer chain, coil and segmental motion, optical
and electronic properties at a molecular level. Furthermore, the mismatch of
chemical potential (e.g. solubility, miscibility, etc.) between hydrocarbon-based
polymers and inorganic-based fillers resulted in a high level of heterogeneity in
compounded polymers that is akin to oil mixed with water. Therefore, there exists a
need for appropriately sized metal containing agents for polymer systems with

precisely controlled diameters (nanodimensions), distributions and with tailorable
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21 polymers and inorganic-based fillers resulted in a
hi gh I evel of heterogeneity in 22 conpounded pol yners
wao b@s/osg9@kin to oil mxed with water. Theref oP€r/UsIve6/€32651
exists a 23 need for apprapriately sized netal
contai ning agents for polynmer systens with 24
preci sely controll ed dianmeters (nanodi nensi ons)
Cheﬂm%!tfkln% Nl 4haddition, ttawwfiahﬂ esgfol m@gﬂemm compoundable
PCT/ US2006/ 032651 5 1 chemical functionality. In
metalidedt hanoreinforaementbethatehave tehamical grdéntal (miscibility) ranges
conpoundable 2 netallized nanoreinforcenents that
simildratgehe vanbagboR@i&mdyistdmém sci bility) ranges 3
simlar to the various polynmer systens. 4 SUMVARY OF
THE I NVENTI ON 5 The present invention describes
nmet hods of prepe%‘mqn _RY O PHEINVE sitions by
conpoundi ng netal i zed nanostructured chem cals into
polymers. 7 The resulting nano-alloyed polyners, are
whidle yprigsentl invgntidrendesedxss i mett®dsordfi mueparing new polymer
ot her polyners, or in conbination wth nmacroscopic
compaitidry bg reentsourilling! ehetalizéd hretnostiusiured! aiwsnigalgeingd polymers.
nonnet al | i zed POSS cages, net al particulates 10 and

The Oftééﬁitlﬁg' Irhaﬁ{osandx@m%élgm@@me y Timansgs anemydives, in

polymers are particularly '11 usefu for pr oduci ng

comtﬁﬂét’l’&?{l\)ﬁﬁ OQRQ'P@&S/&{?QQSW tc%rrﬂﬁr? lﬁo l{)vgr\y n%éﬂo%@&plc reinforcements

properties suc adhesion

and netal surfaces el | ency;
such; S UB8h Cad e DInetat orataliged OSRr pasds Mhetal particulates,
resi stance to abrasion and fire; biological 14
and elbepdillets incluging diamend Hust: Thesnana-alieyesh pelymarsiare particularly
chem cal resistance; and optical 15 quality plastics.
useful@of peoguririge potymerimmmpbsmnas ol desirdble phiysical groperties such
mat eri al conbinations: (1) 17 netallized

as adifesISh e PoWnestic tompadie. antb hdtall S@thdean Wenéwetaenéﬁcy, reduced

ol i goners, or netal 18 containi ng nanostruct ured

melt R{?éé’c{)gmfllcg\kg&}afseggﬁ:ag)%%@g @sﬁﬁﬁée qh, ROlXRAAGAN firkd biological
comgétfﬁlﬂynﬂuagrtcaa%lnsegsé u'd%uasﬂ?ns co%?roxhcgemlcal resistance; and optical

quality plastics.

The preferred compositions contain two primary material combinations: (1)
metallized nanostructured chemicals, metallized nanostructured oligomers, or metal
containing nanostructured polymers from the chemical classes of polyhedral
oligomeric silsesquioxanes, polyhedral oligometallasilsesquioxanes, polyhedral
oligomeric silicates, polyhedral oligometallosilicates, polyoxometallates, metallized
fullerenes, carboranes, boranes, and polymorphs of carbon; and (2) traditional
amorphous polymer systems such as acrylics, carbonates, epoxies, esters,
silicones, polyolefins, polyethers, polyesters, polycarbonates, polyamides,

polyurethanes, polyimides, and polymers containing functional groubs, or traditional



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

20 oligoneric silicates, polyhedra
ol igonetallosilicates, polyoxonetallates, netallized
wWQ200BM051180 enes, car boranes, boranes, and pol yneepiis2006/032651
carbon; and (2) traditionale 22 anorphous pol yner
systens such as acrylics, carbonates, epoxies, esters,
23 silicones, polyolefins, polyethers, polyesters,. .
semigrystadlinenpand cexstalibe \palyaes systems sueh@st $iyresics, amides, nitriles,
pol yi m des, and pol yners contai ning functional groups,
olefingr aroedtici origles\\arao@sc 05diliges,PARIUERRIS/ Bebdrs, corl traditional
semcrystalline and crystal line polyner systens such
rubbe§ pdlymensyiemarisi@srived frdml IfRirocabBhs anbsiliciineant i C
oxi des, aromatic sulfides, and esters, iononers, or
traditional 3 rubbery polynmer systens as derived from

hmoeam@ BAd oﬁinllétSFBESé-né"\o-gi‘rg.\cﬁi’rgaoéﬁé?hﬁglsofnto.psolymers is

netalliz nandstructured chemcals into polyners i

refer A ' .vi a,bl i j t he. .
pretef BB LoBESPIGRIE il FRAG i B nprest vin e
F,an structure. All ’ypes and, t echni ques .of bl _endi,ng, .
metallizge ura@rp%stﬂ,tgtweq A émsnd:}nddrtgcmlgy@q ,pé blepding, Jrcluding melt
bl endi ng, and reactive and nonreactive blending are 8
blending,edyi h%@ndlggl solatian dilending,cand reacdiveranst ponrgactive blending are
nanostructured chemcals into a specific 10 region of
effectvgnol ynmer can be acconpli shed by conpounding into the
polymer a 11 netallized nanostructured chemcal wth
a chemcal potential (mscibility) conpatible 12 wth

t g adlaRioNC akbleRfive Mdarpotiohhtst AR Bstcirédichehtigals into a specific
polymer to be alloyed. In a 13 simlar nmanner the

regiofEbP'd 'gté SPRIAL 5%05650‘?%;5(@%3% NGt ?&S{ﬂgbglgf% the polymer a

assocl wth a 14 specitic region
ecguse of the presence af reacti.ve gr.ou on t. 15 .
metafiE3 iAokt cBBF odin icheFal IgNS (BLscBEp0 c2mpativle
. Reactive qroups ,t%/)pi cally 16 incorporated into
with g whemicalneoteatiabpk they Jegiopawithiss they pedmgreto benpliyed. In a
am des, 17 al cohols, carbohydrates, esters, acids,
similari mainhes thentheiallized nahestrectise by e encodiraged toresseciate with a
groups provide an association with the netallized
specifignegjioru of whe Polyrmbebessuse of the presence of reactive groups on the
polymer with the metal contained in the nanostructure. Reactive groups typically
incorporated into polymers include olefins, cyanates, acrylates, amines, amides,
alcohols, carbohydrates, esters, acids, nitriles and boron. The Lewis basicity of
these groups provide an association with the metallized nanostructures’ inherent

Lewis acidity.

Because of their chemical nature, metallized nanostructured chemicals can
be tailored to show compatibility or incompatibility with nearly all polymer systems.
Their physical size in combination with their tailorable compatibility enables
metallized nanostructured chemicals to be selectively incorporated into plastics and

control the dynamics of coils, blocks, domains, and segments, and subsequently
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netal |l i zed nanostructured chem cals can 21 be
WO 200805000 t 0 show conpatibility or inconpati bi PCT/YS206/682651

nearly all polynmer systens.7 22 Their physical size in

conmbination with their tailorable conpatibility

enables 23 netallized nanostructured chemcals to be
favoraklyeotpact lay muititode of ptesidah tpropdriesi déropedie 2 favooally dinproved

the dynam cs of coils, blocks, domains, and segnents,

are tihe GopERiEne TheghdMic206840Mhbh9aI Pdpéitie808idh3 a8Sheal’ distortion,

favorably inpact a nultitude of physical properties.
r ' f r i an i n
creer) GfibldsSon SO seniih Bi.GHRtss. 24848 JpdRligE RN and texture,
di r it . .3 Cre . r essj.on _se st rengt,h
CTE efifficel eigrid ot "Ry I To s inck. i, nardness, and
CTE, electrical, radiation, and oxidation stability )
abrasigp irﬁﬁlgbaé\,cenolauuqiquom, 40 archanical propertiss aQthek physical properties
resistance. In addition to nechanical properties,
favorablydmpsbyed reiude bistagical sonpatibiliy, emtimicrahiaastivity, thermal and
i ncl ude biological conpatibility, antim crobi al
electacdli soriductivibgraahesion surfadesibricatibn cClardpeidrkingy fire resistance,
adhesi on, surface lubrication, |laser-marking, fire

2 A e L B Pt I, 2k SRRk biopertes.
BRI EF DESCRI PTI ON OF THE DRAWNGS 11 FIG 1 shows the
rel ative positions of an internal free volunme and an
external 12 free volune of a polyner. 13 FIG 2
illustrates different regions of phase separated
pol ymer m cBRIEFUDESCRIPTION-OE. TREIDRAWINGSSs a
sanpl e POVS nanostructure [(RSi OL. 5)4(RS O2) 3M E8). 15

FI 4 illustrates. representative structures for P
el cr 0 HIF TelgiNen B BaRS of 3 pipenaldrasyqume and an external
transm ssion of ultraviolet and visible |light through

free velpumsef a polymer.

FIG. 2 illustrates different regions of phase separated polymer microstructure.
FIG. 3 illustrates a sample POMS nanostructure [(RSiO1 5)4(RSiO,);M]Zs).

FIG. 4 illustrates representative structures for POMS nanostructured

chemicals.

FIG. 5 shows transmission of ultraviolet and visible light through various

((RSiO.5)4(RSIO,)sM]Zg POMS.

FIG. 6 contains thermogravimetric plots showing decomposition and char

yields of [(RSIO15)4(RSIOQ)3M]Z@, POMS.

FIG. 7 shows components of an acrylic based Gd POMS thermoset coating.
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shows conponents of an acrydic based Gd POVS t her noset

coating. WO 2008/051190 PCT/ US2006/032651 8 1 FIG 8

shows a conparison of 40 wt % Gd POVS/ Coating rel ative

t §I@b8asibwa domparispnstii 40 dittg GABPRIMS/Coatingursiativeeto Pb and

t he nmeasured and cal cul ated thermal neutron

Al X-dytstiglainigon 4 resulting from
[ (i BuSi O155)4(i BuSi 2)3Gd]E8, 5 FIG 10 is a
t hernogravinetric plot for paraffin wax -vs- 70 ww% 6

i /
LGS P B 5 St BTN it ddnueion

resulfirg oM BHS DrokoBREid I damos: ?Enin?ﬁé“ o

follow ng definitions for formula representations of
Pol yhedral digoneric 11 Sil sesqui oxane (POSS)
P&IGhedPalis OB 36m¢@ay;metaat elqtpdey | p%méf'rpow)tmecrwar 70 wit%
12 digomeric Metallasesqui oxane (POVB), and
[(iIBuSD s hi@uSiOe); Cgdrgrd3®cs bataffin@Boli cate 13 are nade. 14
Pol ysi | sesqui oxanes are materials represented by the
formula [RSIOL.5]., 15 where oo represents nol ar
degree of polynerization and R = represents organic
16 substit uent (H siloxy, cyclic or linear aliphatic

or aromatic u s that 17 additionally conta
DEEAITION OF A RERAESENTATIONS FOR NANGSTHUCTURES

am nes, 18 _ketones ol efins, ethers or halides).

o A EO AR R Pl
following geflnliltl[lJor\/\s'!1 | Ifc>er formula representations of Polyhedral Oligomeric
Silsesquioxane (POSS), Polyhedral Oligomeric Silicate (POS), and Polyhedral
Oligomeric Metallasesquioxane (POMS), and Polyhedral Oligomeric MetalloSilicate

are made.

Polysilsesquioxanes are materials represented by the formula [RSIO; ;).
where = represents molar degree of polymerization and R = represents organic
substituent (H, siloxy, cyclic or linear aliphatic or aromatic groups that may
additionally contain reactive functionalities such as alcohols, esters, amines,
ketones, olefins, ethers or halides). 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.

[(RSiOy 5)n)z# for homoleptic compositions

[(RSiO4 5)n(R'SiO4 5)mlx# for heteroleptic compositions (where R # R')
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R group. 21 [(RSi OL.5)n] E# for honol eptic conpositions
WQ200BHORINOL. 5) n(R Si OL. 5) n] E# for heterol epti cCPCT/US2006/032651

conpositions (where R~ R )9 WO 2008/ 051190

PCT/ US2006/ 032651 9 ,# for functionalized

het er ol e£p| C conposi t| ons (where R 1 [(RSi 01
[(RSIO) ) HRXSI0 1 Qmdsye o fengtionadizedehatqualepiiceicompositions (where R
i nequi val ent) 3[(RS|OL 5)n(RSIOL.0)mMMj]lj:# for

grou{'{%ﬁ %‘%U.%iﬁ\'(%ﬁﬁ?ﬂ@%@mgegt |f gr conpositions 4

het er of uncti onal i zed heteroleptic conmpositions 5 In

[(Rs'ﬁﬂcﬁbn&'égkgw?mé‘ﬁmt ot el ationgliegd hoexalepRikcodRosiions

, Br, I, alkoxide (OR), acetate (OOCR), peroxide 7
(w?), am ne (NR2) isocyanate (NCO), and R The synbol
[(RSiR 1. 8Jr€RSID 0. 0)r(\L)]s £ for hederefunationalizéd heteneleptic compositions

conposition that include | ow and high atom c nunber
netals, s 9 and p block netals, d and f block netals

i rlﬁ'éll%f”ﬁ)etét%i@ R'l@rt‘he 'sémehé‘é‘ U@ﬁneé‘%bb% %d XOingRicRsbut is not
In particular , Ni, Eu, Y, Zn,

I|m|té§~'to ng ig%)Na T@K @H %1 Bhleil @onnge r&;ﬁﬂ) -Il\%eréel%r sentR-sS geromde
(00, S5 BT S BT o S ST AL et
to the netal in a covalent fashion to maintain proper

elembhtowithat tmc@rhﬁbgition that cilei low &g highatomigaiumiBémmetals, s
coordi nation sphere electronics of 15 the netal atom

and 0 IO%K%E{aQ’st& Fb%k”ﬁ"e@é@ |ﬁ1§108ﬁ‘1‘ gNirBSsifioR, Fénthanlde actinide
ital's generall 16 prefer el ectron count’s of

metﬁ%%ﬁﬁﬁ&@&ﬂfé’“aﬁ A L #ih 95, E8elr. 14, ca.cu,
Vofacdbeln &iTia . & dub e A, Toyr § BRI represents a

aI koxi des, 19 am des, oxi des, and halides. The

metalyamoelineg abayadand refler ligand heoesdisiaded dagheymetals hA variety of

ligands may coordinate to the metal in a covalent fashion to maintain proper
oxidation state or in a dative fashion to maintain coordination sphere electronics of '
the metal atom. For example transition metals containing s,p,d orbitals generally
prefer electron counts of eighteen at the metal center whereas actinide and
lanthanides can exceed this rule due to the presence of f orbitals. Typical L groups
include solvent molecules such as tetrahydrofuran, pyridine, water, or alkoxides,
amides, oxides, and halides. The symbols m, n and j refer to the stoichiometry of the
composition. The symbol Y indicates that the composition forms a nanostructure
and the symbol # refers to the number of silicon atoms contained within the
nanostructure. The value for # is usually the sum of m+n, where n ranges typically

from 1 to 24 and m ranges typically from 1 to 12. it should be noted that ¥# is not to
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conposition fornms a nanostructure 21 and the synbol #
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the 22 nanostructure. Thewalue for # is usually the

sum of mn, where n ranges typically 23 from1l to 24

and mranges typically from1l to 12. It should be

be carftieed alsad mitiplier fot déteriping etidiidmedry, as it merely describes the

PCT/ US2006/ 032651 10 1 be confused as a multiplier

overdiPhariiSRIcHirB) FlarBERIRREOBPite/system! (akiTRaBLYIASCr | bes

overal |l nanostructura char acteri stl cs ‘of the
system (aka cage si ze) 3 DETAI LED DESCRI PTION OF THE

Irns\l\ltvgll\ll-rlI ?gldﬂﬁiﬁxggruc ure ﬁ)fgslche @?m‘(gm?ne use o

al l oying agents for the enhancenent of polyneric

prieer priegent Gnvérticrheddseeibepotras i wse obf meetallizadomanastiuctured
rei nforcenent of polyner coils, domains, 7 chains,

chenﬂBé’lsS( O\%%Saélld HEéﬁfsUﬂofr‘rthé %Yﬁ'anc@m@hf—‘ ok %bﬁ/nﬁéﬁﬂ properties

enab to function as nol ecular |evel reinforcing

via tﬁ‘é“i’ncogr Ht%' n%gﬁn%tﬁn?sr ‘gnd (ré%féﬁgh{er\*gifj}bgyr?éf ‘é?ﬁéé.t&bmams,

respec 0 po I rensi ons
ability to be atibilized wth polynmer systens to
Cha"?ﬁ/@lnéj rp%rgaag?%moﬁcqlgp [¥€l t hat pronot e
[ ncorrpatl bility and expul sion of the nanoreinforcing
ent by the chains. That is, netallized
tkeuéttbateﬁn@h@ DS 19:iWnetion 3 Blaleeuay leys! réinforcing and
exhlblt preferential affinity/conpatibility with

alloypng ggentsrarer 651t thedtuniquse sizeowih respect doipaiyroer ohaintdimrnsions,
groups on each nanostructure. The netallized

and (Bytheir raiility te b@momddim&edrwmu palyeterisyskang t averconidrepulsive
a specific region of the polyner because of the 16

forcefér t‘ﬁ%? BrSm8fe |h€§ﬁ1tp'aYSH§f Méxﬁ@sﬂﬁ%fﬁﬁb%br%ﬂclhg%gent by the

cont ai ned nanostructure. Reactiv

polyr%g?%:gﬁ/fsy p'ﬁﬁﬂt %1 Hgégﬁlg%? jgazn%sgﬁgghgﬁ? Séﬂgz\'g?@%n&{ﬁ%% tailored to

nitriles an ron, The | ewis basicit ese

X oRER{STA BT ESBRAEr Wa doashet nEReliCatesm through
In the nanostructure as it _

variation of the R groups on each nanostructure. The metallized nanostructure may

be encouraged to associate with a specific region of the polymer because of the
presence of reactive groups on the polymer with the metal contained in the
nanostructure. Reactive groups typically incorporated into polymers include
acrylates, amines, amides, alcohols, esters, nitriles and boron. The Lewis basicity of
these groups provide an association site for the metal atom in the nanostructure as it

is inherent a Lewis acid.

Conversely, POMS can be tailored to be incompatible with microstructures
within a polymer, thus allowing for selective reinforcement of specific polymer
microstructure or migration to the surfaces of such polymers for modification of

surface properties. Therefore, the factors to effect a selective nanoreinforcement
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22 within a polyner, thus allowi ng for selective

rei nforcenent of specific polymer 23 mcrostructure

or mgration to the surfaces of such polyners for

nodi fi cation of 24 surface properties. Therefore, the

includ%a%ééﬁiﬁc nanekizestofameellkasd nanostnateied onemicats, digributions of
008/ 051190 PCT/ US2006/ 032651 11 1 include specific

nanosﬁ?é&?feirﬁﬁifﬁci%g‘gg?miéé 250 dgpstiesetweed tReFyeRlps on the POMS

ron nanosi zes, and inconpatibilities

and dis ities b :
and g gobA e s ohie E I A pREREHF e hdce. pillfer System.

the specific polyner system 4 Metallized

nanostructured chem cals, . such as t R L

" Medatived aanogirietaracgrainiea s such A e raiss S fustrated

solids and oils. The physical formis Iargel 6 . |
in Figuret 4plare cavajlablecas ypashosolidsgand ilbn d4en e&%ea'atm I largely

topol ogy of the structures. 7 For exanple POVE with
contrbllél Byshe ugpeliot P yraugod dachr cagesand the depelpgy Iof the structures.

render 8 crystalline solids. Both crystalline and

0 +dli a8l biirs Qrv AGids R avitrgeneaally render

For ?r{tﬁ?f'@% ggl\?%lstﬁt ﬁlﬁjg gg%tl%rr]g trhegll ong-gzctng%i ng %

di.sper si Qn I [ i idid i lvents,
crystﬂgpgi $9llds, e%cﬁﬁl g&‘g;a]nfpoeasamc hﬂk@ﬂh%é poMEidisMd _in solvents

reover, because POSS and POVS
ii dissolve in plastics at_th :
monamet A moten eBas Gyt s9'0e e TN Sardfie HispkRfon proplem
are sufficient to prevent the cages from coal e\éﬁi d POMS
assoaiated wilh Wraditionalpastiowats Slarsa MPHAYeS RECANSEaE (1S 5 an
occurs with traditional and other 14

dissaN & ainolastits oanlthe etholédulan devehgdhenfercas daeofiree energy) from
particulate fillers has been a problem 15 that has

solvatloitinixify alrk Ysuttigereto qreventnther sages! frovh deadescirig and forming
Table 1 Tists the size range of PCSS rel ative to

ool Iy di i a hinkeras ldcctirg ewithT headitidgalofand other
mmr@%sé |sd r%@ﬁ@f%e%t}i va ré%‘tnlst c? that of nobst pol yner

orsalp RSB M b kG TSR E88en o proviem

that has traditionally plagued compounders and molders.

Table 1 lists the size range of POSS relative to polymer dimensions and filler
sizes. The size of POSS is roughly equivalent to that of most polymer dimensions,
thus at a molecular level POSS can effectively alter the motion of polymer chains

which favorably impacts physical properties.

Material Type Length Scale
Amorphous Polymer 05-5mtm
Segments

Octacyclohexyl POSS 1.5 nm
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wolMabgisielo Type Length Scal e  Anor phous Pol ynmerpcd/ds2606032651
nm Segnents COctacycl ohexyf2 POSS 1.5 nm WD 2008/ 051190
PCT/ US2006/ 032651 12 Random Pol ynmer Coils 5 - 10 nm
Colloidal Silica 9 - 80 nm Crystalline Lanellae 1.0 -
9,000 nm Fillers / Oganoclays 2 - 100,000 nm 1 2
Tabl e 1. Rgh@ém\mo@mgeo'mg | engtib st@hen of POS
pol ymer {di mensions, and fillers.} 3 The phyS|ca si ze
of POSSa.D-d_BQVS—I—S—G-I‘—-I—I—I—Gal to H--y—of Sto
control | GobeidahSHeRi on. This i gpagqubl arly aoparent
when POSS is grafted onto a polynmer 5 chain. Sge U. S.

Pat . I\bs—wmci, 867, 5,589 66F nnANd
5, 047,4929 N |nmcoraporat ed Qy reférence. When POSS
nanostrufgtures are incorporated |nto a__7 polyner they

act to rpFilets cOpganovidyson and dgr2at0§,080hence {i e
dependent 8 properties such as |Tg, HDT, Creep nd

Set, whi t o-hereased—rpautts—9
har dness, and abrasion resistance, lubricity,
hydr ophobi city and surface properties. 10 The present
€ ns, and fillers.
TatR 2 ToeRve SPRETI BN Sf8 F OB PRNmRY BRRehdions, on
of nmetallized nanostructured chemcals into plastic
12T Renplsysical asizey o6 POSS ane $QAMS ipcritiealdptit @hl%@é’e@sﬁﬁg control
affords a greater degree of 13 property control as a
chan‘i“rr‘i(ﬁﬁn r g% Is phrtichrryngsparentaivhen POSS:isagradtedmentona golymer
he 14 resulting material.

chain. See U.S. Pat. Nos. 5,412,053; 5,484,867; 5,589,562; and 5,047,492, all

incorporated by reference. When POSS nanostructures are incorporated into a
polymer they act to retard chain motion and greatly enhance time dependent
properties such as Ty, HDT, Creep and Set, which correlate to increased modulus,
hardness, and abrasion resistance, lubricity, hydrophobicity and surface properties.
The present invention demonstrates that additional property enhancements can be
realized by the incorporation of metallized nanostructured chemicals into plastics.
This greatly simplifies the prior art processes and affords a greater degree of
property control as a direct result of the incorporation of metal atoms into the

resulting material.

Furthermore, because metallized nanostructured chemicals possess
spherical shapes (per single crystal X-ray diffraction studies) like molecular spheres,
and because they dissolve, they are also effective at reducing the viscosity of
polymer systems. This benefit is similar to what is produced through the
incorporation of plasticizers into polymers, yet with the added benefits of

reinforcement of the individual polymer chains due to the nanoscopic nature of the
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effective at reducing the viscosity of 18 pol yner

systems. This benefit is simlar to what is produced
entityl NrPgd) bhse &9 pravesspbilitt iand oéinfdrasiniect zeffects nare obtainable

polymers, yet with the added benefits of 20

i ITptimef hitsh art ddald Rl PeRjuiidahesuséust bath POSS
throu@ﬁéﬁ%gﬁgscopll\ggnvg’?%?eﬂ)ﬁoaf} Eﬂ]e WO 20087%%%190

art 5 TR0R G i b ST P e reaizod as meta
ers b Ens o SRS NS E BB Pt ar

fillers. Furthernore, cost and wei ght advantages are
desirea ahthee tharsangtrdierent gropedy §f meemﬁgal@c parisle t han POVB
and in many cases the properties of the atomare 5
desired rather than any inherent property of the
EXAMPLES i c particle. 6 EXAMPLES 7 General Process
Vari abl es Applicable To All Processes 8 As is typical
' Prd user of
Jaies ARPlgaitced SREFO— the purity,
selectivity, rate and mechani sm of any process. 10

Vaid ' it prbGed¥eR@aRER A a hmber of variables that can
i%éo%ggpgta! @Eh(‘gh}ﬁ@@a&%p}rmo a material 11 include

oo BRI TR RS, PEL hIIREEiatom, of gy prcese
VarBL L e She0a A AR GO My matera

fillers, processing aids, 14 catalysts, stabilizers
includecpglymerotypai and iwompesitian plydiseaisity, Splpeulas weight, and the
Finally, the 15 kinetics, thernodynanmcs, and _
compssitien f rthe HOMISus Adprifielirad appeoaginisotonaiatch pelymer system with
process are also tools of the trade that can inpact
that t¥e th@ POMS | SinplarinGsdedibiRl eidditivése phgndidlees)t processing aids,
resulting fromincorporation of POMS into pol ynmers.

cata@sg]détggilizers, etc.) to obtain the desired physical properties. Finally, the

kinetics, thermodynamics, and processing aids used during the compounding
process are also tools of the trade that can impact the loading level and degree of
enhancement resulting from incorporation of POMS into polymers. Blending
processes such as melt blending, dry blending and solution mixing blending are all

effective at mixing and alloying metallized nanostructured chemicals into plastics.

Example 1 Alloying POMS into Polycarbonate

A series of POMS were compounded into Bayer Makrolon® polycarbonate
2405 using a twin screw extruder. The POMS and polymer were dried prior to
compounding to ensure a maximum state of alloying. After compounding, the‘

POMS-reinforced samples were then molded into discs, dogbones and other test
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chem cals into plastics. 2@4Exanple 1 Al oyi ng POVS

into Pol ycarbonate 21 A series of POVS were conpounded

i nto Bayer Makrolon(r) polycarbonate 22 2405 using a
specinvéns and subjertedibephysided chRaNRtarnzhtionl. yhiee optical aharacteristics of

prior to 23 compounding to ensure a maximum state of

POMS! b@yé%onéfet %regfsémwﬁhmadt he tha4ppliiisreiohpelyeatbonate as
e

sanpl es were then nolded into discs, dogbones an

an oﬂkﬁ?Feéiﬁsbé)X\galgﬁr%%MQréj %Eéi”éaggﬁcﬁgﬁgﬁar%a*e containing 2

specl mens ected to physic erization.

The,.opti cal ter skl P | ycapb t
wie 3B of B GPRRRSHTHRR SO el Sl TR HERBOSTESSnCHaIzs
pol ycarbonate as 3 an optical resin. Optical
and (p} {Bu3i0es)4(IBuSi®@9iBkeed (egc.. in pol ycarbonate
containing 2 4 wt% /| oadi ngs of (a)
[ (PhSi OL. 5) 4(PhSi 2) 3AI 1 E8, (b)
[ (FuRherfabrd) tcoRiePRiB) 3&3(@115&)1.5)4?%3@04)9;\”23 POMS into the
[ (i BUSI Ol.5)4(i BUSI O2) 3B] X8) 6 Furthernore
. "y ¢ . : y
polydtal'ﬂlg&{age pnél{::‘e%@e itd 95@'@]@11&&%? :B? @), IMHAR ag%élrg%‘?mpact or

ycar bonat e creased s Youngs nodul us

6% wi t hout d [ Lapa, hermal i es..
thornidh Bopafii, " QRS o hET SRy 3 cfehBEER vl FE85S, &5 improve

9 properties other properties. r. exanpl e, POSS )
PropeTies, BPLMIrRETtiREo PR PEATINIE ?5%51@1‘%0259@&98 REg Mifeggsults in

and reduce penetration danage (Tabl e 2%. 11 Table 2.
improyatbhardiness andaedues penaliatigiedamegei(dableo?). POSS

al l oyed 12 pol ycarbonate. Sanple Mdul us Hardness

Penetration (GPa) (MPa) Depth (nm) PC (control) 4.28

16Palslé 286NanoBiuURS, + hatdrigts] 4aBd 7 p2Bel28iford5foB 1 POSS  alloyed

polycarbonate.
Sample Modulus| Hardness | Penetration
(GPa) (MPa) Depth (nm)
PC (control) 4.28 162.68 386.7
92% PC + 8% SO1458 7.28 237.95 312.7

[PhSiO1.5)4(PhSi(O)OH)3]Z7

92% PC + 8% MS0814 8.36 604.15 2144
[PhSiO1 5)7(iOctylSiO4 5)411=8

Variations in compositions, sizes, and loading levels of POMS are observed
to have a pronounced effect on the degree of various physical property
enhancement. The mechanism for this enhancement is observed to be associated

with the chain motion and free volume between the POMS and the polymer chain.
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Variations in conpositionsis sizes, and | oading | evels

of POVS are observed 15 to have a pronounced effect

on the degree of various physical property 16

enhancenent. The nmechani smfor this enhancenent is

Furth@b3ré Vecbrpordienasis POMS gstoviliés ibt Antdrsharicadrhydroplobic surface
and free volune between the POVS and the pol yner

whichf?ﬂb\ﬁs 9P i 318)2“ on%él%%&% iti§2 ARG/ Rdaftetabiiy &f FRC! heXt, special

e 1 ncorpo provi des for an enhanced

ol m@&%&%&%mk% R Lo PN gy e

i mportance to r bqpat e as been the .incor

such gf RSN AIEAPTRVIGS 1% a1 Staigalign. s9epgg! u&%ﬂ‘ﬁ:ﬁe wavelength
provide for UV stabilization. Depending upon th

desired e bengbsorbad dbeiineerporation abmwe@tom*selrﬁtﬂd’@ly@ gan &g highly
of nmetal atoms into POVS can be highly 6 effective.

effect. eRampkamblee thédnegrpbeadtionn obfceciam amdatithniurmazatooms into the
atons into the 7 corner of POVSE can protect polyners

g ChHAyMers eRjeRat BUdindicedsevainr d
cornez‘ Ié‘fgmMg)Vcég%g%S Fgag Aeﬁ oyl ng P(]vsml ntco ! ¢age an

oo FRIBLSE, S o5rSa B

[ (i BuSi OL. 5)4(i BuSi 02) 3G&] E8 11 and Boron POVS

: (= il US| O .5)4(i BUSI O2) 3B] E8
: : RUGS axes usi ng
ext rusi on and Si ngI e pot | ow shear blending 13

Q?J‘tg?lﬁhﬂﬁﬁ pOMS CRPHst@gg L(Phs.cggs@u]zcgegﬁsdsm i( EBiESnOﬁ)sGd]Zg

[1zat1i on was foun range romO0.1 th

s oo R L B OA v

npati bility of the nanoscopic entity
compounded into hot melt waxes using extrusion and single pot low shear biending

techniques. The compatibility as evidenced by visual solubilization was found to
range from 0.1 through 80 wt% into hot wax. Similar levels of compatibility were
observed between POMS and other polymers. Compatibility of the nanoscopic entity
with the polymer is critical to achieving property enhancements and reliable
dispersion. For POMS the compatibility is controlled through the R group on the
POSS/POMS cage, the type of functionality on the polymer and the amount of shear
utilized in the mixing process. Table 3 summarizes wax-type thermoplastic polymers

suitable for alloying with POMS.

Table 3. Waxes, Glues and Polymers Suitable for Alloying with POMS.

Polymer type Where Found Melt Points

Raw paraffin (soft) Canning wax, bulk wax 46 - 52°C




16 with the pol yner
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18 POSS/ POVS cage,

m Xi ng process.
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pol ymer and the anmount of shear

19 utilized in the

Tabl e 3 summari zes wax-type

Forpc@2od6lv82651

t her Mwigd carsites (arqeo| y mer SBar@cyinderd @lpléen. f or  al || 5416t wi t h

POVB. 21 Table 3. Waxes, d ues and Pol yners$ Suitable

f or | Alricangliamg cantildsithatOVSCandidsi@ksy tam cartdigp eullNher @ 6420 origheivel t

Poi nts Raw paraffin (soft) Canning wax, bulk wax 46 -

52C | PEsuiN By Ddd) 90 PCTHIISZLUDADSR ik 10 VOB3°¥ & higher

candl es (harder) Barrels, cylinders up to 6 in. 55 -

61CHurricane 1 CHRHEE UKW B graddedNdT ST T GKS, . tabl e
G DE IS i h

candl’és famﬁ'lﬁ?sﬁ " g‘%[EEU,? hivglgr  Beeswax (Waxy tsbé AAPY)

Nurmer ous candl e styles, bulk 63C or higher| CGeneral

Pur pea@sditti!diue G Ue| Basls. blisvax, Bl dedwax, FDAGE AGHER oPE

C o higher ~avail abl g?'Ha% - Set Packagi ng @ ue

Barrnels, bulk wax, FDA grades 176 C_ softens 91 C

avail Palas HpPtsoohRive Hi gPeree Pt h G ue Barr ¢l'® °Cilseipr 82°C

wax 1188 C, softens 82 C Tuff-Tac H gh Perfiormance

Bar r bfisTac iitjghl PRriopgance 1 93| garei$ fikv@NS 85 C G ue 144t lsérnk@s-c

Pol y de GQue Barrels, bulk 191 C, softens 129 C PE

Pol yet hyl ene Barrels {bulk 125 C_ softens 79C.  PMVA

Pol ymwethylropinlkaciiy | at eedasped s, bul k 130C, |2 PeffEdeic

EVOH Pol yet hyl vi nyl acphol Barrels, bulk 165 C, softens

55 ¢ PE Polyethylene Barrels, bulk 125 °C, softens 79°C
PMMA Polymethylmethacrylate | Barrels, bulk 130°C, softens 90°C
EVOH Polyethylvinylacohol Barrels, bulk 165 °C, softens 55 °C
PP Polypropylene Barrels, bulk 325 °C, softens 150
PVDF Polyvinylideneflouride Barrels, bulk 171 °C, softens 119°C
POM Polyoxymethylene Barrels, bulk 175°C, softens 55°C
PVC Polyvinylchloride Barrels, bulk 176 °C, softens 81°C
COC Cycle Olefin Copolymer Barrels, bulk 225 °C, softens 82 °C
PA Polyamide Barrels, bulk 250°C, softens 60 °C
PPE Polyphenylether Barrels, bulk 250 °C, softens 120°C
PET Polyethylene terephthalate | Barrels, bulk 255 °C, softens 72°C
PSU Polysulfone Barrels, bulk 290 °C, softens 88°C
PFA Polyfluoroatkoxy copolymer | Barrels, bulk 300 °C, softens 90°C
PEEK Polyethereketone Barrels, bulk 340 °C, softens 140°C
PC Polycarbonate Barrels, bulk 375 °C, softens 145°C
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PP Pol ypropyl ene Barrels, bulk 165 C, softens 150 C
woRb¥osiPgloyvi nyl i denef |l ouride Barrels, bul k 172c®uUs2006/032651
softens 119C POM Pol yoxynet hyl ene Barrels, bul k 175C,
softens 55C PVC Pol yvinylchloride Barrels, bulk 176
C, softens 81 C COC Cycle O efin Copolyner Barrels,
bul k 225 C, softens 82 C PA Polyam de Barrels, bulk

2PRE, combireniontof Golyibides| polyerethandie polyatefis andhAQSS and
250 C, softens 120C PET Pol yet hyl ene terephthal ate

POM%%foe 'fénmtaﬁ‘uﬁn%gge %igﬁ?fd@ﬁ@b@@s ﬁ@UpBQ/'aYrﬂdéfmcE polyurethane

arrel s Softens 88C

o 3 P SEEL TR SEBIATRRIE 8 S B0 sont s o

iyt T A5 BE Fedh 5 e R el e i oo
The conbi nati on of pol yam de, polyure

systemsdarmbSBhancEMenFEiNENYSiRas Propeftiest |%Q§%2'Q§M§ Spetiaily useful
desirabl e as the pol yam de and pol yur et hane

for infprevingeshdmicaland lodisegistanospet theegnalvmrmslaﬁlﬁa POSS/POMS are
pol yol ef i n provides | ow cost and low 4 nelting point.

also Jé@uP@%%@n@‘tﬁé’béﬁﬁ)aﬁambf trid disyiniker wotymehsystems. Zhang

In 5 systens and enhancenent of physi cal

et al. Phﬁp%@(?%e?e&em Cgf@gﬁ%{%cﬁﬁ%%@éy cBﬁﬂfdﬁ'bnhz@df&SIYmethacryIate

resi stance of the
rmmul ati on

and pp@(ﬁ%@ﬂ@ Qméﬁeo%%\%qq%ﬁ;alq {aﬁomgﬁﬁ;r{f&efgﬂfes 8029-38 (2002).

systens. Zhang 8 et al. in aft
POMEEbRA IO @eenp@gsc%ﬁ@anr%ﬁ'qq gadthsowwfagﬁer% disgimilgr polymer

and pol ystyrene on the m croscopic scale, 35
systevhs.r onol ecul es 8029-38 (2002).

Most polymers, and especially polyamides and polyurethanes, are prone to
oxidation and must be stabilized by antioxidants. Although stabilizer packages véry,
the most common antioxidants utilized are hindered phenols, phosphites,
phosphates, and hindered aromatic amines. The incorporation of POSS and POMS
into polymers also promotes stabilization by controlling permeation/barrier
characteristics as well as reactivity with oxidants. For example metals in the corner
of POMS are oxophillic and react to form metal oxides. Therefore POSS and POMS
can be utilized to obtain a synergy with conventional stabilizers and fragrances,

pigments, dyes, and processing aids.

In accordance with the melting points for various thermoplastics, the thermal
stability of POMS was examined to determine if the cage would undergo

decomposition when incorporated into the molten polymer. The POMS were found
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controlling perneation/barrier 17 charactéeristics as

well as reactivity with oxidants. For exanple netals

i mt : 0 [ Lyl C ;
f 03 TR v et s 8B HiGh kS EIRHE AR citings for
. utilized to obtain a syner iy h_copventional
shieding: pf Elactriky GBihielit againslok o el ditrong, grotons and
processing aids. 21 In accordance with the nmelting
electifisat s for various thernoplastics, the thermal 22
stability of POVS was exam ned to determne if the
cage woul d undergo 23 deconposition when incorporated

Exa 3 i ermosetsHVS were found WO
2008/ 051190 PCT/ US2006/ 032651 18 1 to be unaffected

by, t enper at ures | Qw 2 d be extruded with . .
t HOYS e 2 r4%§'§1‘5mmgﬁgﬂ’avai | ablP8%axes  aliphatic

and thernoplastics (Figure 6). 3 B and Gd contai ni ng
[(iBuBifersidiBuSiCpEdEe albndl withearomptic HEhSEXM 4)ABbSiQs):AREs and

shi el ding of electronic conponents agai nst X-ray,

aliphbh@'[qudj_Si@%z) BUSIOPLEANDMWe ANdissSlvel Skto’ Aiphati® pBXREMGhate from
3 Al'l oyi ng

into Thernpbsets 7 Aronatic

onahFRSHE o S BEEEE) By SO ed e and o
ooty BRSBTS s a8 Al POMS fomed
trans?théepnqar'tr\%x%urpe)g! yﬁa\;\r’gg rcl)%tsgr\ferdomat higher loading of the POMS could be
obtained by the co-incorporation of 5-15 wt% of [(MethacryloxypropylSiO; s)g]Zs
POSS. The [(MethacryloxypropylSiO5)s]Zs behaves as a compatibilizing agent
between the metal and the POMS in a similar manner to that reported by Zhang et
al. for the compatibilization of two dissimilar polymer systems (demonstrated by the
transparency of a Gd POMS thermoset coating containing 50 wt%
[(PhSiO4 5)4(PhSi0O,)3Gd]Zs and 5 wi% [(MethacryloxypropylSiOs)slZs). The Gd

containing thermoset is highly desirable as a conformal coating for shielding of

electronic components against X-ray, thermal neutrons, protons and electrons.

Example 4 X-Ray Radiation Barrier in Crosslinked Coating
A series of X-ray absorption measurements were conducted on Gd POMS

coatings to determine their effectiveness at providing shielding from X-ray radiation.

The advantages of the Gd POMS coating is its ductility, rapid and low-cost coating
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[ (PhSi QL. 5) h|0§3 E8 %§‘§ 9
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contai ning thernoset is highly desirable as a
canformal coating.forshi e_l_d.,_n_g__g_f_gg_e;_%
co@umpastionyai nst Sample t her mal Fedtteswiation ot ons
and el ectrons. 21 Ekhickhes$ X- Ray Radi ation Barrier in
Cr goitiohkedin Coat | ng2 23 Minseri es of 18% ay absorption

m@dﬁtm.ﬁwm% copgused on Gd BB 23 coatings to
heir effectiveness at providing shielding

fr d i 0 The adva es of the &d
é&%\?‘g‘%ﬁqaﬁt sggucrﬁ ity, rapid and | ow cost
d 200 thOd

I i ght wel and electrically insulative properties.

The ¢cnnpam&:rmﬁfuhen§hlekm f%ff%oéwenev selafive tegmetpc lead and

coatings to shield against 35 KeV X-ray. A tabul ation
alum@fum 3s tshewhi indFiggee i18. sAtenplohshaws ¢hat Pl iTapagua to X-rays, but

Shi el ding of 35 KeV X-ray. Conposition Sanple %

the d’éwmstls% godl & 86mEACRLAl0l resin 2.03 nm 15%
Contr ol reS|n + 40% 2.26 mMm 31%

Example 5 Neutron Radiation Barrier in Thermoplastic Coating

[(iBuSiO1 5)4(iBuSiO2)aGd]Zs was compounded at various loading levels into a
hydrocarbon resin system. A gold (Au) foil was sandwiched between two
[(iBuSiO1.5)4(iBuSiO2)3Gd]Zs layers and 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,£A) 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. The reduction in neutron flux as
a result of absorption by [(iBuSiO1 s)4(iBuSiO2)sGd]Zs scaled linearly with the wt% of

Gd POMS loaded into the resin (Figure 9).
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to nmetallic lead and 7 alam numis shown in Figure

10. The plot shows that Pb is opaque to X-rays, but 8

the Gd POVB is as good as solid Al netal. 9 Exanple 5
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[ (ti BasicalcBatédi thabiaCR/33@duEBomas tioampalumeldrbnst penetrating into a
| oading levels into a 11 hydrocarbon resin system A

semiésHdlictdtolilgide dtsieGad ot Aadnieahisradnfavenal Edating containing 50
[ (i BuSi Ol.5)4(i BuSi O2) 3] E8 | ayers and the sanpl es

Wt% Wﬁﬁﬁ’aF BB 0nGXR f@aﬁ@aoa ﬁﬁﬁ ?%ﬂscéég?eacﬁ (i’:iotbgi%l)l)/ enriched 157

rdes a vva trum
1-20 MeV, Ave
Gd were %mpewe%@oetaet PMiA #3geduekin RbRbreRaing peyspas could
15 neasured. The total neutron flux was neasured using
be obtaigiedoy only g8l tmfothick Teating. 6 Siradat feskits wease \akdaingd for boron
Au-197(n, A) Au-198. A cadm um cover was used to

and getmariommPONB tshstehier Methus pngtectiont  aff elebobiot @dmponents from
neutron flux. The absolute flux was deternm ned 18

thernﬁél%dt% dRAYeCan HUGEKeREd Iuéiﬁg/cbat.ﬁdyeceﬂﬂaduﬁgls ssm or Gd

The reductlon In neutron flux as ~ 19 a result of

POS$ I‘i\f dson by [(iBuSi Ol.5)4(iBuSi Q2)3&d] E8 scal ed
inearly with the wt% of 20 Gd POVS | oaded into the
resin (Figure 9). W 2008/ 051190 PCT/ US2006/ 032651 20

that a.2/3 in_t
AM%%&G&@H}&%%@ & ghitea ety ot E‘u%ﬁo‘?&t?o? Al apetor s to
achi eved from a nmm t hi ck conforpal coating
alloy dhgt @pnPQ@A%(jnt%a\,\h% meltuvax aghesiyenard then cast this alloy into a
[(iBuSi Ol.5)4(i BuSi O2)3GJ]E8 . If isotopically
suitabler shdpal farsapplicatiin wéos exaopiednareds phthe alleyedgn@lyaier can be
2/ 3 reduction of penetrating neutrons could
incorporated into a hot melt glue gun and the Gd POMS/polymer can be applied
directly over the bare chip or its dye and thereby fully protect it against ionizing

thermal neutrons, X-ray, and moisture.

In addition to being utilized a shielding of electronic components, Gd and B
POMS can also find application in fast neutron tumor therapy as they are effective at
capturing neutrons and are compatible with soft tissue when R = iOctyl and with hard

tissue when R = Phenyl.

Example 6 Metallized POSS for improved oxidative stability.

The incorporation of [(PhSiO;5)4(PhSiO.)3AlZ g into epoxy polymers was
accomplished by the low shear mixing of [(PhSiO1 5)4(PhSiO,);Al]X g into the epoxide

resin component in amounts ranging from 0.1 wt% to 40 wt% to obtain a clear

solution.
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testingeuthe ROSK. eigyediandiQMEr sataiyzach SPaRY 1 fesin (XD HQPfCVGd
utilized a shielding of electronic conmponents, Gd and
resisncé o RIYBNT and aizeoef Afigr aiffl ozene sterilinatiers cyeleat adatal weight
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loss 8@2@%%&3 éﬁger%ﬁ 16PIRRAPOHIIPOMS atloféd résin ue ogmparBdto a 40%
and with hard 18 tissue when R = Phenyl. 19

welgﬁ{ﬁgg? lf(?r tﬁe%%@tﬁﬂw EGtea Wit irh ?Sﬁéeéhrm& SGdrt¥ e After 50 steam

I'’ncor poration o
hSl Ol.5)4(Ph E 8 in I r
ster"[zz% Ec%?%’ Redo) weian] g Bh bR T gRE; WAS Sodkitted for the
PhSi O2) 3AI 1 E 8 into the epoxide %
POS Mfseatloy BRI ABSAMPREAJgora dRvoweidht gainfard W%System
obtain a clear 23 solution. WO 2008/ 051190

cure®Chith/San aidd6iabSmidazbld. Epdiditianedy ntheoPQHSHFPQARES willoyed resin
20 wt% [ (gl ycidal SiO1L.5)8] E8 are preferred. The 2

retaiféd Qhéednglﬁ&l Bpticalt Hlaftymitsedrayi ahd donet sivengthdrePdive to systems
catalyst (5 W% 3 [(PhSi OL.5)4(PhSi Q2)3All 8) and the

g PR EONS M KNIt e e

epoxng Slrénsw%3 )églrvtgd as gﬁ amtomdant due to the electrophillic nature of the Al atom

while the POSS cage was oxidized upon exposure to ozone and steam to form a

nanoscopically thin surface glass that protected against further oxidation.

Example 7 POMS for improved fire retardancy.

The incorporation of [(iBuSIO1 5)4(iBuSiO2)sAl[Zs and
[(iBuSiO; 5)4(iBuSiO)sAl]Zs into polymers has been shown to be advantageous
toward increasing the amount of char that forms during combustion of the polymer.
Consequently less fuel reaches the combusting surface and a reduction in the heat
release rate and even total heat can be realized. Theoretical and experimental work
agrees that maximum retardation of oxidation and fire retardancy can be achieved

through the incorporation of aluminum and silicon components into a surface char.
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What is claimed is:
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R RS PR 55, A, e v

Sgﬁ?ﬁynﬂétﬁ'}gm LF&%&@ 1 Cathefa P o Bt ARRS. 'r?[sl%%gs’ polyolefins

ol oneric taI osiljcates in a polynmer . .

P epleie aairslns. ouapoRatesn oo bEMIESH PoNErRaLs Polyimides,
carbonates epoxi es, esters, silicones, polyolefins
5styesenjies. Hepiges pairijes; lefins, geanyatic oxides, @Jomaﬁpyamaasesters and
pol yeur et hanes, polyimdes, 6 styrenics, am des,
nianamays, ool aitibesy polpmers cderivede éronar bydorarbens f agds silicones,
esters, and 7 iononers or rubbery polyners derived
f complni;mﬁlgdbarslmef aordpsunhdiog tres metdlizethpancastrugturee chemical into
step of conpounding the netallized nanostructured

C heTb6melr BY eadlivelsr iopl-ivaetivedlilendingt | ve or

non-reactive blending. 1 2. The method of claiml,
further conprising conpounding a nonnetal lized 2

NFRRS hhdthbd " 60 FAIRM 1€ turtRl e6drhpriding tdripoGidNg a nonmetallized
consi sting of POSS and POS
nanostructured chemical selected from the group consisting of POSS and POS

into the polymer.

The method of claim 1, wherein a plurality of metallized nanostructured

chemicals is compounded into the polymer.

The method of claim 2, wherein a plurality of metallized nanostructured

chemicals is compounded into the polymer.

The method of claim 4, wherein a plurality of nonmetallized nanostructured

chemicals is compounded into the polymer.
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wovey@ivoa plurality of netallized nanostruct wpeadss2ab6/032651

10.

11.
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13.

chem cals is compounded i nd40 the polyner. 3 4. The
method of claim2, wherein a plurality of netallized
nanostructured 4 chemi cals is conpounded into the
polymer. 5 5. The nethod of claim4, wherein a
plurality of nonnetallized nanostructured 6 chemicals
i's conpounded into the polynmer. WO 2008/ 051190

PCT/ US 00 3265 4

b BRIt el 8 emiosdin dne RoRET 'E%js IR Flate sgected from
from 2 the group consisting of a hous

dopigreyR CANSRIIRG Of ATOTERgYS SenupaStylRg, ch/staline #lastomeric and
rubber. 1 7. The method of claiml1, mhereln t he

pabbekr contains a chem cal sequence and 2 rel ated

pol ymer mcrostructure. 1 8. The nethod of clain11

wherein the polynmer is selected fromthe group

CTimes iveathod) ob tlaim po Iwheseincibel polsanpbcgrﬁétns@?oﬁmrnlca!asequence and
pol ynmer chain, and a polyner 3 segnent. 4 9. The

ntdted pofynséranierdstrusheeei n the metal | i zed

nanostructured chemical 5 reinforces the polynmer at a

nol ecul ar level. 1 10. The nethod of claim1, wherein

t Pge COREBEN G NElaine Nowheaeihi the polymidr. isTrselantedh ddorof the group
claim1, wherein the conpounding is reactive. 1 12.

T r,{bogf 8oRndraoll; antm\frﬁeﬂd@mahuﬁ p@iympr ohaint gndfa polymer
e polymer is’inproved 2 as a result of

%@’h?ﬁ{ ating the netallized nanostructured chem cal
3. 3 polynmer. 1 13. The nethod of claim 12,
wherei n the physical property is selected fromthe

gﬁ'ﬂgpmethod of claim 1, wherein the metallized nanostructured chemical

reinforces the polymer at a molecular level.
The method of claim 1, wherein the compounding is nonreactive.
The method of claim 1, wherein the compounding is reactive.

The method of claim 1, wherein a physical property of the polymer is improved
as a result of incorporating the metallized nanostructured chemical into the

polymer.

The method of claim 12, wherein the physical property is selected from the group
consisting of adhesion to a polymeric surface, adhesion to a composite surface,
adhesion to a metal surface, water repellency, density, low dielectric constant,

thermal conductivity, glass transition, viscosity, melt transition, storage modulus,
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chied m 1lmeddllizesi n trenastrualuréded okeroicat uctioted the polymer.
chem cal perfornms 2 at |east one function selected
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c Gimeanadihdd zefr claant 1 4x whenein tHred cotmpblundiag. isl atfomplighed by a
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NeNTRIR) | fréesbsnaBrRetdd. diont eifle Grotipedbasisting Wwicinetinbledding, dry
conpatibilizers. 1 18. The nethod of claim1l1l, wherein

t oG driceALbshaHG! ur ed chemical is 2
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ructure mcal 1nto the
2008/ 051190 PCT/ US2006/ 0326 26 1 20. A nethod
a&88‘rﬂﬂ§%@ﬁ%%’ %rlltéﬂ)ﬂz ,’arﬁéﬁéﬂwrt he property is
sel ected fromthe

The method of claim 2, wherein the metallized and nonmetallized nanostructured

chemicals function as compatibilizers.

The method of claim 1, wherein the metallized nanostructured chemical is
selectively compounded into the polymer such that the metallized nanostructured

chemical is incorporated into a predetermined region of the polymer.

The method of claim 18, wherein a physical property is enhanced as a result of

compounding the metallized nanostructured chemical into the polymer.



2 group consisting of Tg, HDT, nodul us, creep, set,
WOo008/@Fe1deabi 1 ity. PCT/US2006/032651
26

1 20. A method according to claim 19, wherein the property is selected from the

2 group consisting of Tg, HDT, modulus, creep, set, and permeability.



