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BACKGROUND OF THE INVENTION

Recent developments in nanoscience have enabled cost effective manufacture of
commercial quantities of polyhedral oligomeric silsesquioxanes that are best described as
nanostructured chemicals due to their precise chemical formula, hybrid (inorganic-organic)
chemical composition, large physical size relative to the size of traditional chemical
molecules (0.3-0.5 nm), and small physical size relative to larger-sized traditional fillers (>50

nm).

The commodity nature of organosilane coupling agents makes them highly desirable
for use as starting materials for nanoscopic POSS molecules. Prior art has taught the use of
silane coupling agents in the formation of POSS cages (U.S. Patent No. 6,972,312) and in the

functionalization of POSS cages with reactive groups (U.S. Patent No. 6,927,270).

This invention teaches continuous production methods for olefin bearing POSS and in

particular vinyl POSS cages. This advancement was needed as vinyl silanes are the lowest



particul ar vinyl POSS cages. This advancenent was
needed as vinyl silanes are the | owestcost reactive
wa@ doanesosoupl i ng agent and because vinyl POSS PeEmes20a6/@20601

hi ghly desirable for chem cal derivatization into
ot her chemi cal groups. Applications for ol efin POSS
and its derivatjves include inproved conposite resins,
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functionalities on nanostructured chem cals and
nanéfdrasén materinBd ol i gonmers (Figure 1). The

nanostructured chem cal classes include pol yhedra
ol i goneric sil sesqui oxanes, polysil sesqui oxanes,

pol yhedral ol i gogEMWMIARY IGRTEE INVERFION 2t es,
pol yoxonet al | ates, carboranes, boranes, and pol ynorphs
of carbon. Chem cal derivatives fromolefin containing
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chemicals and nanostructured oligomers (Figure 1). The nanostructured chemical classes
include polyhedral oligomeric silsesquioxanes, polysilsesquioxanes, polyhedral oligomeric
silicates, polysilicates, polyoxometallates, carboranes, boranes, and polymorphs of carbon.
Chemical derivatives from olefin containing POSS have been prepared by hydrosilation,
phosphorylation and thiolation (U.S. Patent No. 5,939,576), epoxidation and oxidation
methods (U.S. Patent Nos. 5,942,638 and 6,100,417), crossmetathesis, Heck additions, Diels-
Alder reactions, hydroformylation and Wacker oxidation. This invention describes
polyisocyanate derivatives, dhydroamination and subsequent carboxylation. Polyalcohol

derivatives are also described through ethylene and propylene oxide additions to olefinic

POSS.

Polyfunctional POSS systems are of utility in the formation of cross-links in materials

such as polycarbonate, polyesters, urethanes, epoxides, polyethers, polyamides, polyolefines,
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Pol yf uncti onal POSS systens are of utility in the
formation of cross-links in materials such as
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exanpl es of pol yvinyl containing POSS nanostructured
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yield of octavinyl POSS, FIG 3 illustrates the effect
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number of applications, including composite materials and durable coatings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows examples of polyvinyl containing POSS nanostructured chemicals;

FIG. 2 illustrates the effect of water on yield of octavinyl POSS;

FIG. 3 illustrates the effect of acid on yield of octavinyl POSS;

FIG. 4 shows ’Si NMR spectra of batch vs continuously produced octavinyl POSS;

FIG. 5 illustrates the process of vinyl hydroamination;

FIG. 6 illustrates the process of isocyanate formation; and



FIG 6 illustrates the process of isocyanate
formation; andFIG 7 illustrates the process of
w@bk@ehedost or mati on. DEFI NI TI ON OF FORMULA PCT/US2006/020601

REPRESENTATI ONS FOR NANOSTRUCTURES For the purposes of

under standing this invention's chem cal conpositions

the followng definition for rI@orm,ll a representations

of FISo| Aiblastrates @Pwﬁﬁqfél@ﬁ% EHaiYkane (POSS) and

Pol yhedral QA igoneric Silicate (POS) nanostructures is

made. Pol ysil sesqui oxanes are materials represented b
DERINTIONOF FQREIILA REPRESENTATHINS MR NANOSTRISGT S

of polynerization and R = represents organic

substituent (H, siloxy, cyclic or aliphatic or

ol &b} Nhé CpurPbsed MMRintErs@hidP S thish dhvetiyn'adelidmiodlakdmipositions the

contain reactive functionalities such as al cohol s,
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arn I nated groups).

Pol ysi |l sesqui oxanes . .be either honol ept.ic qr
(PO adiadyeries! Glignmeap orics, POSIERSTEHF dh Y dene type
of R group while heterol eptic systens contain nore
than one type of R group. POSS and POS nanostructure
comolysilsasgrioxance are prasernls eepresgnicleby Hrenfnrauly (RE0qj51x where x
.5)n ] # for honoleptic conpositions [(RSIG _5)n
i beRhi R £ RERhisi RBMi¢ WRtiReR (H, siloxy,
repr%%‘é[‘%%%%‘? %qégr&s% (%0[%01 Si&gjia%o) n # fo?éﬁ‘@unct [ o%gll i zed ( Y
het erpl.epti c copposi tions (wher S . .
cyelig, o \9@?1@&? Br &Fﬁ}é)la&i Va?ré)m%wl%o‘gqsﬁh%{ ea@gb\? gﬁﬁ cPhtain reactive
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hetebQBRRS | HGHOIEMdTByRerR@ BRI 6hT Snct et bERS_gfﬁi\g while heteroleptic
refers to the nun%er of silicon atons contained within

syst%rrr]lse OARALSH A Shre tmeof‘{[@k%ﬁp.f or # is usually the

POSS and POS nanostructure compositions are represented by the formula:

[(RSi01 5)p]x4 for homoleptic compositions
[(RSi01_5)n(R'Si01_5)m]s4 for heteroleptic compositions (where R #R")

[(RSiO1 5)n(RXSiO1 g)mly# for functionalized heteroleptic compositions (where R groups

can be equivalent or inequivalent)

In all of the above R is the same as defined above and X includes but is not limited to

OH, Cl, Br, I, alkoxide (OR), acetate (OOCR), peroxide (OOR), amine (NR,) isocyanate

(NCO), and R. The symbols m and n refer to the stoichiometry of the composition. The



sum of mn, where n ranges typically from1 to 24 and
m ranges typically from1l to 12. It should be noted
W0 b@b/128065 not to be confused as a nultiplier POYF/US2006/020601
determining stoichionetry, as it nmerely describes the
overal | nanostructural characteristics of the system
(aka cage size). DETAILED DESCRI PTI ON OF THE | NVENT| ON
symbril . pndisaten that feceRmpasiticaderas 2 BanasHEstHIFAR t& §y@ial # gfers to the
t he manufacture of ol efinic containing nanostructured
numbB&est Giddod Amts cherinedlwits itheahinossudtuiem Theevaltdfdr #Aisausually the
useful as building blocks for the reinforcenent of
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molecudl ar Tevel”1nt noset and thernoplastic resins,

il or aquequs enul gions, |atexes,.and.suspensions.. ..
shough e 8ped et dids Biemne£0atused i BUIPHE: (F dPFmBiEStoichiometry, as
structures illustrated in Figure 1, can exist as
it marelyi dtscribsmstesyveratlohanbstyuctusalchaiasteyisids aflted syisiemn @ka cage size).
groups such as cycl ohexene, norbornene, allyl, and
styrenyl can be considered for inclusion on

nanost r uct DETAE IR DESCRIFIGN OF THEIN VENIION St
systens that are also comercially avail able
commercially are the vinylsilanes.

Vi iyt rés%hkﬁf%ﬁﬁér?&%@hénéj cHltbhe bFRBdsORk [t Bradifificture of olefinic

commercially available in industrial quantities.

H storically the,synthesi rocess .for vinyl P
contg AP B o B et e i BTyt g wseful as
times, and irreproduci ble product_yields. The chem cal
buildigg Podss ferghe sginfoseesnent 6f Polymgr crilssdomans) Ghamy, and segments at the
trichloro or al koxy silanes can be generically
molé@idardswed e theagodeo bhd drermdplSitid Bsins, MR aquemisngnn RGeS, Jatexes, and
HO (1) ViSiI(OR 3 + HRO+ HO (r) vinyl POSS + RCH (2)
suspéhsibfd. 3 + MeOH (r) vinyl PGSS + HO (3) The chemi cal
reactions illustrated in Equations 1, 2, and 3 are
shown in

Nanostructured chemicals, such as the olefin POSS structures illustrated in Figure 1,
can exist as solids, waxes, and oils. A variety of olefiinc R groups such as cyclohexene,
norbornene, allyl, and styrenyl can be considered for inclusion on nanostructured chemicals.
However, the lowest cost systems that are also commercially available commercially are the
vinylsilanes. Vinyltrialkoxysilanes and vinyltrichorosilane are commercially available in
industrial quantities. Historically the synthesis process for vinyl POSS systems has been
plaqued by low yields, long reaction times, and irreproducible product yields. The chemical
equation for synthesis of vinyl POSS involving trichloro or alkoxy silanes can be generically

represented as follows:

ViSiCl; + H2O — vinylPOSS + HCI (1)
ViSi(OR); + H,0 + HCI — vinylPOSS + ROH 2)
ViSiCl; + MeOH — vinylPOSS + HCl 3)
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nonstoi chionetric formas the effects of water, HQ,

ROH (al cohol ), and concentration of silane have
wale@aardos2 i nfl uences on product yield and the PCr/iUs3000620601

i sol ated product. A wide variety of ol efin POSS

structures can be obtained as illustrated in Figure 1.

To illustrate this point, Figures 2 and 3_descgribe th .
cohst echemigaht jeastims p LBstrgfst o 0 aﬁ%aﬂe% %e?ata}“\%e 3 gre shown i

yield of the vinyl POSS cage. Furthernore, the .
nonsoiuht@nétriatfomn aofthe kfecis iofl watere dlG ROFE (dcelmd), 3nd apongemtration of
varied from1%to 39% wth a preferred concentration

si1an§F1a§e7cé§?{faﬁé Mftfacaes] groanét ﬁel@chﬁﬁitﬁww?/mf%‘&ﬁéd bfodust. A wide
S

sirable to recognize the chemcal stability and
. the. ghilj to i.sol ate Lefl n.PB ts from
variey o el oSS agfniifn eFadelan Dbl A, " Logs
is both chemcally stable to the reaction nedi um and
i nsol ubl e. The insol ubili tg g{e tq}e 0SS IIyﬂr Odl.fCt, gl.n ¢ d
t hEo hustratedhis pemt iU diapd 8 esine e cppIEt {5 gpugiug of water an
filtration of the reaction m xture. The collection of o
acid pelatiiecto yieldfafrthdreny! ROSSI cage.e Hutihermonnithg conventrationt efghe acid in
at room tenperature which avoids the [ oss of product

equaflbis 3 Bnd $ &1 bOVtyie@Fron® 1 %ol 3084 wah atpiéferredbomentudtiontof 37.9%.
el evated tenperatures. The concentration of silane

added to the reaction nediumcan be varied fromO0.01 M

5 gt ﬁael\%eﬁ@npcgfei %r{tﬁﬂoﬁg ?{r"cg:gkr At AR RNDIL So RecdgMzé e chemical

a nore pre concentration for

conti pyous .react.i qn pur poses_ is.1. 3 - 1.5 M Wile a.
sabifiih 5. D15F db d R AL B QPSP UMEPB; i gedtton nlium. o
reaction illustrated in Equations 1-3, equations 1 and,
Equaions el -Besle dawl rRD$S, is deoth rebpmicad]y steble dai Hgersaction medium and
i nvestnents to handl e corrosive HC byproducts.
insolgleat THeNindolubilitprof BasPOFS rmadgedin Heughctise noddium, facilitates its
readi |y available plastic or glass |ined reaction

colle\r%?xz glatsfﬁlﬁ%tf bf the Aac8n gﬁia’thwelﬂe colibctRMUfIptodiRt fsUnthe facilitated

at equations 1 3 produce three equival ents

by n?rfning thefrgarction at room temperature which avoids the loss of product due to reactions

or solubilzation that can occur at elevated temperatures.

The concentration of silane added to the reaction medium can be varied from 0.01 M -
5.0 M. A preferred concentration range is 0.3 M to 2.0 M, and a more preferred concentration

for continuous reaction purposes is 1.3 M — 1.5 M.

While a continuous process has been established for each reaction illustrated in
Equations 1-3, equations 1 and 3 are less desirable, as they require equipment investments to
handle corrosive HCI byproducts. Equation 2 is more easily managed though use of readily

available plastic or glass lined reaction vessels and filtration equipment.

It should be further noted that equations 1 and 3 produce three equivalents of HC for

each equivalent of vinyltrichlorosilane while equation 2 produces three equivalents of alcohol
6



each equi val ent of vinyltrichlorosilane while equation

2 produces three equival ents of al cohol per equival ent
w@bRoosi1z8p52 | al koxy silane. The |iberation of alBCHhUB2006020601

equation 2 is highly desirable as it aids in

solubilization of the starting materials and in the

sol ubilization of vipyl PQOSS. jnternediates.and } .

per qauisialratof BDYHYEOEY silanen dhe I@S%OBf‘%eajEfg}Oll Jh<Layatigny2 is highly
3, alcohol is required to rinse the final PGCSS

desirplodsifttdd m sohmilvation of thergtating diatarials, and| in glaneaiegbilization of vinyl
polyners. Finally, the formation of vinyl PGCSS in

POS§ IhREhNSted akl kRirdub B9 PHrétctsh EmPhe Gt béduationy 1 tahe 3, alcohol is
product fromthe acid et hanol solution. A resinous

by: product is. a j.n r til Lt o

requith 80 RGPE e dil FREY PRUSER "kl SR oRRpBMcly ligomers and
sol ubl e in nmethanol. EXAMPLES General Process

polyngssi abl es Applicable To All Processes As is typica
wi th chem cal processes, there are a nunber of
vari abl es that can be used to control the purity, .
seFmatlyhe fornmative of mohyhBORS i squasionsihy? isdeoiyes by the precipitation of
Vari abl es influencing the process for the formation of

the PPOMRS fone tHe Rl sRATIHERIcIutE. POSEIRGS, bysprodictiinalsdgeoduced in the
the size, polydispersity, and conposition of the

N tr uet Ul o . L .
reacf LR RO D E SRR i BETLLRn of NEeipileelE8te i methanol
process such as catal ysts, cocatal yst, supports, and
S ants, and other factors such as tenperature,
EX‘}#@%& tenpl ates, sol vent, gases and m xtures
t hereof. Vinyl POSS can be produced from
vinyltrimetho vinyltriethoxy silane or
Gengral\ A 88 AP erT'o AlLErogesses:  vati ves), either
via the filtration of product every 24 hours or by
filtration of the product after the addition of silane
oves iatypical sdthahemimt posesses, erhagra ragdier pbwariablgs that can be used
general it is preferred to filter and collect the

to coRAS the PuidtyO SuIEdtivaf CRtEHRT thedithnism of any process. Variables influencing

the process for the formation of nanostructured chemicals (e.g. POSS/POS, etc.) include the
size, polydispersity, and composition of the nanostructured chemical desired, the kinetics,
thermodynamics, and aids used during the reaction process such as catalysts, cocatalyst,
supports, and surfactants, and other factors such as temperature, pressure, templates, solvent,

gases and mixtures thereof.

Vinyl POSS can be produced from vinyltrimethoxy, vinyltriethoxy silane or
vinyltrichloro silane (or related derivatives), either via the filtration of product every 24 hours
or by filtration of the product after the addition of silane over a period of successive 24 hour
additions. In general it is preferred to filter and collect the reaction product once every 24

hours.



hours. Exanple 1 - Vinyltrichorosilane Method In the
case of synthesis fromvinyltrichloro silane, the
wa Rovghiesoszhl oro silane is prem xed for 10 m nUPEBUBRDEI020601
3.5 equival ents of nethanol. The prereacted sol ution
- (0.85% is then added to a stirred solution of
65. 7% v/v), HA (32.7%v/v), and water
: ; Jrichorosilane Methed 54di ti on of a sol ubilizing
anount of nmethanol is required to mninize the
formation of a sticky white resinous by-product that
cdn dentcase oftsgnthesss dodravyinylirichBiss. sifame, o (yirylisichiopsilane is
required is variable and is determ ned by visual

premBRIUBE 16 ZahieHwith FRYqEVAEKY op iRdiapbl. alledpresatid solutibe (0.85%)
wal |l s of the reaction vessel. Exanple la In a 1000 nL

. round bottom f . i ni

s whYR0ER LEHASP PR T o (B0 Y ), o e
come to room¢tenperature, Vinyl trimnmetho il 6.5 .

(0.6 Wivins THACREEOS Gy o0 RSP AT HF Sheffgol I ehuired to
reacti on was continued for 24 hours with stirring

minifoizeg tet farmmtion rofry sticky white casinoust bywpsoduit that gn a¢paptaminate the
the reactor charged with additional silane (6.5 nli),

octaRfl POSSPI PELESRONS SEPRAEE deduirtd i@ Fatidblesand 20 deieneined by visual
addition and filtration produced 35.3% Vi 8T8. (Yield

s..bas . I: t ' ith
Bt
filtration produces 32.8% Vi 8T8. (Yield was based on
the final product, which was washed wi th nethanol and

ne and dried in vacuum. Exanple Ib hi a 1000 nL
round bottom fl ask contai ni ng nmet hanol (500 ni), HC

(250 n), and water (5 ni) added sl ow |
et apBeel resmg mtorosbssnizarpe ot (GO, H Bs0 mb, and

Exa

water (5 mL) the mixture was allowed to come to room temperature. Vinyl trimethoxy silane
(6.5 mL) was added slowly to the reaction mixture and reaction was continued for 24 hours
with stirring (magnetic stirrer). In one case it was filtered and the reactor charged with
additional silane (6.5 mL), and the process is repeated 5 to 20 times. 20 time addition and
filtration produced 35.3% Vi8T8. (Yield was based on the final product, which was washed
with methanol and dried.) 10 times addition and no filtfation produces 32.8% Vi8T8. (Yield
was based on the final product, which was washed with methanol and acetone and dried in

vacuum).

Example 1b

In a 1000 mL round bottom flask containing methanol (500 mL), HCI (250 ml), and
water (5 mL) added slowly, the mixture was allowed to come to room temperature. Vinyl
trimethoxy silane (6.5 mL) was added slowly to the reaction mixture and reaction was

continued for 24 hours with stirring (magnetic stirrer). Total yield of 5 times
8



trimethoxy silane (6.5 nL) was added slowy to the
reaction m xture and reaction was conti nued for 24

whowwea286t h stirring (magnetic stirrer). Tot al PgT/85m0¢620601
5 timesaddition/filtration was 40.8% Total yield of 5
times addition/no filtration was 40.8% (Yield was

based on the final_prod
addinevoPn a1 AN A bdbOEegI S he ARG b ag 40.8%. (ield
Met hod The process for producing octavinyl POSS from
was basey lonthafibdl pxodusi Whick was waisheskwith setlooal ansrdtedat ur e
addition of the silane (0.85%v/v) every 24 hours to a
stirred solution of methanol (65.7%v/v), HO (32.7%
Exaif(p‘ré2-mhgrtriﬁmo§@bﬁné\Methwe reaction mxture is
capabl € of conti nuously produci ng octavi nyl PGCSS
either via the successive filtration of product or by

hg“gg %E&e@éj?(gs%ot ik (?{E \9{?'15?(5?@ ?roma‘lvfn‘?ftﬂﬁfeﬁfo)(y (silﬁheamvolves the

roun cont ai ni ng et hanol

o o e ST A B LS B st o
trimethoxy silane (6.5 nL) was added slowy to the
methamat (656176 /Y% BICE (3hd%r Wb twaser RS % B Faseteastim mixtyre is capable

with stirring (magnetic stirrer). In one case it was
of chthiuensd pedithcing@ctaeiyl POSShithgeda it ucedsiive fittraion of product or by
si |l ane (6 5 nm), and the process repeated 5 to 20

theé%%ﬁﬁo zﬂwﬁﬂﬁﬁggﬂ ase the reactor was charged with

ane (6.5 nL) and the process was
repeated 5 to 20 ti nes. Exarrple 3 - Hydroam nation of

M h Fins i
enolematny 1 g, 1DTRETRR! bl stk Sohdfuhe nibatiibl (Sog mi), HCl
inyl PCSS. A 50 le of | posS d
(250 i, R OTARTal Y ABSH o, dhe Ristor, P o e to room

PBr is added. The mi xture was allowed to react over 8
tempeatuse. t\Winplr wichedtoxy sdante@. 5 ed.) octsadidedgoyy tordeseactipe mixture and
product was isolated as a white
reaction was continued for 24 h with stirring (magnetic stirrer). In one case it was filtered and
the reactor charged with additional silane (6.5 mL), and the process repeated 5 to 20 times.

In another case the reactor was charged with additional silane (6.5 mL) and the process was

repeated 5 to 20 times.

Example 3 — Hydroamination of Vinyl POSS

The hydroamination of olefins is a well known reaction. Figure 5 illustrates
hydroamination of vinyl POSS. A 50 g sample of vinyl POSS is suspended in a liquid
ammonia solution and to this PtBr; and nBusPBr is added. The mixture was allowed to react
over 8 hours to product the desired octaminoethyl POSS. The product was isolated as a white

solid.



solid. Exanple 4 - Polyi socvanate Formation A 509

sanpl e of octam noethyl POSS was reacted with phosgene
wo oro6A28062r s at 50C to produce the octaet hyl i SPCY/E81066/020601

PCSS. The product was isolated as a white solid.

Figure 6 illustrates polyisocyanate formation with

POSS, Exanple 5 - _Hvdrqglvtic Oxidation of Vinyl POSS
W&%ﬁ—guch as OsO4 and M4 have

| ong been known to be powerful oxidizing agents. Anmne

catal yzed osnylation followed by hydrolysis is a known _

mét HgosamplawiowtreenerthylFUNT Wes tadiet sVity RIRSEAngyPr 4 hours at 50°C to

groups. A 50 g sanple of vinyl POSS was stirred into

prodaseTtHend et Jﬂi?sb@ante'm’@SSH Fidip@duerswal 1solved dsoa méitetsofidr Figure 6
2 hours and then washed with aqueous acid to produce a

illuSﬁEﬂFé galﬁghhﬁlﬁfe fODLAR hlwlhgpgggl PCSS t hat was coll ected

ration. Figure 7 schematically shows the
process of alcohol formation. While certain

repres di ne tails have been shown
—E’dﬁ—geﬁggﬁli"“\ﬁ&m? Ml nvention, it will be

apparent to those skilled in the art that various

changes in the nethods and a tus di cloied Berekn b
maylrisitipadEelil (arides BeBadst Qﬁé Igr begno known to be

i nvention which is defined in the appended cl ai ns.
powd¥fal oxidizidgahgents. iAsniGe Aklelzéd ofmylatibo doliavednby bjdrotysisels a known
of an ol efin-bearing chem cal conprising the steps of

meﬂéé@ tonﬁrzsalnﬂ BalSéHoR BRodeeld Frdh 910 %fuupbear 50g safiplel Ffviiyl POSS was
a chem cal selected fromthe group consisting of

stlng(? iué(g ﬁgrﬁ%lén 9et og%gei“hec mﬁktt.lf e@%uélﬁ))%ecg r gfcﬁ% dlgg 51‘?& trhen washed

i cat es, presence o an aci
basi ¢ cat al and wat er nd (b) coll.ecti
withy pgyqops ti’é&lr%/ gradnesrac white ﬁpﬁﬁgﬁ ?%tﬁlq%slw‘aﬂ P58t was coltected

through filtration. Figure 7 schematically shows the process of alcohol formation.

While certain representative embodiments and details have been shown for purposes
of illustrating the invention, it will be apparent to those skilled in the art that various changes
in the methods and apparatus disclosed herein may be made without departing from the scope

of the invention which is defined in the appended claims.

What is claimed is:
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2. The method of claim1, wherein a plurality of
silane coupling agents is used to incorporate
wdizbdeargnse functi onal groups into the chem cal PCBUST106/020601
met hod of claim 1, wherein the process is utilized in
a continuous or batch manufacturing nethod. 4. The
met hod of claim1, whereCLAIMSreaction nediumis not
heated from an external source above 40C. 5. The
met hod of claim 1, wherein the ol efin-bearing chem ca

| R h&n8d RYS ?ﬁﬁhot%%f%ﬁ@lkﬁﬁ%@ﬁﬂgr &¥ndib® BPEiRing the steps of (a)

COI’]SI sting o , anor phous, semcrystalline,

stal li.ne o) c

apf oy AR, oS e R feaafd 01608 WlgEE BAGHIGR Slcted from the
ol ef i n- bearln C i ncl ydes nonreactiyv p
7 8IOVH SORHSHIZO d?oll?,h F%Oilgoﬁﬂalil? SEBRACES F‘%‘gpﬁﬁg ‘g%ﬂ ?thg"me“c
of am nation of the ol efin-bearing chenical. 8.
neilibaies, o tlod pieserize ofanrasidic phbasigaialyslo And W@F?ée%nda(b) collecting
physi cal property of the chemi cal selected fromthe
gtRUlefOb&driigi chemifal thadvehi fitratian.a pol yneri ¢ surface,

adhesion to a conposite surface, adhesion to a netal
surface, water repellency,density, low dielectric

CoRs tiadthod WOREATR] 1C WhEHEA iavpluyalitglofissilahd @bepliigongents is used to
viscosity, nelt transition, stor age modul us,

[gﬂc%@%%@ Hlff%lérg%glgﬁtfggal@r%%ﬁ{)’m% 51'1&15‘1051?5' stance, fire

ance atirbility, gas
perneablllty, and porosity. 9. The nethod of claim1,

oit HREBET R S 2frct §Fe $loceRCR/BIPENH, Lloghdfions or batch

wherein the |so(¥anat|on changes a physical property
ofnanggacturing metho

The method of claim 1, wherein the reaction medium is not heated from an external

source above 40°C.

The method of claim 1, wherein the olefin-bearing chemical is in a physical state
selected from the group consisting of oils, amorphous, semicrystalline, crystalline,

elastomeric, rubber, and crosslinked materials.

The method of claim 2, wherein the olefin-bearing chemical includes nonreactive R

groups.

The method of claim 1, further comprising the step of amination of the olefin-bearing

chemical.

The method of claim 7, wherein the amination changes a physical property of the
chemical selected from the group consisting of adhesion to a polymeric surface,
adhesion to a composite surface, adhesion to a metal surface, water repellency,

11



10.

11.

12.

13.

chem cal selected fromthe group consisting of
adhesion to a polyneric surface, adhesion to a

wa@eovpassose surface, adhesion to a nmetal surfaceCT/E1086/020601

repel l ency, density, low dielectric constant, thernal
conductivity, glass transition, viscosity, nelt
t dadyst Ilo@ﬂdwﬁdcﬁfc&gﬁsmw theumal midammnyo glasstramison viscosity, melt

trans abrasion resistance, fire resistance,
b'tx%hﬁﬁbr?agtof&gpﬁ‘ﬁ)ﬂﬁ’lhk' tlax A8, REEEEHhifef, Yabr@ﬁgn resistance, fire
porosity. 11° The method of claim1, further

CROTRF: g gl%ﬁéo%?%a?%ﬂﬁﬁ’ SRRl G BeRN; ' O

OXI dati on changes a physical property of the chem cal

ect t.he g consi.sti of adhesi on

o g rasined o daie! Sre FomptShe e fisaatty SoalRrie S the olefin
adheS| on to a netal surface, water repellency,
déezing/, | ow diel ectric constant, thernal chemical.
conductivity, glass transition, viscosity, nelt
transition, storage nodul us, relaxation, stress
t (Theshethod abriagh On whewsirs thenisesyahition chesgest aplaysical property of the
bi ol ogi cal conpatibility, gas perneability, and
PRE&EIcY seldded Then Ré hoshmp toisding df, adhesioheto a polymeric surface,
conprising the step of incorporating the

0|a9f1ésﬁbrp 8GR e&n t | ngé?ﬁ#acéf‘ i dhedioR! BN CGheiPkEFARI Wdt&Mrepellency,

t he group consi abrlcs dyes, hair cofl orants,

P OlHAGE o S8R ol B ei?ﬁdu%é%%@%? ity ot

nmet hod of claim 13, V\/nerelnthe i ncor atl n of th fi
ol BRFIHOBe IT3g5 MG S Tehagdian, odress eE'ala IGBeFelSVtance Ire

sel ected fromthe group consisting of adhesion to a

s uedistense, hielagicat eqrapatibrlity, sas@esneapility. and poresity.

| um nescence, viscosity, nodulus, filler

rei nforcement, plasticizer, rel axation, stress ' _

t rErshethod abchsn dnfurthsi sompisng theditept ofooxidaspinsifahe elefin-bearing

bi ol ogi cal conpatibility, gas perneability, porosity,

NMhéiniae and gas
The method of claim 11, wherein the oxidation changes a physical property of the
chemical 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, relaxation, stress transfer, abrasion resistance, fire

resistance, biological compatibility, gas permeability, and porosity.

The method of claim 1, further comprising the step of incorporating the olefin-bearing
chemical into a product selected from the group consisting of fabrics, dyes, hair
colorants, polishes, creams, lotions, lipsticks, mascara, foundations, soaps, absorbants,

and make-up.

12



15.

16.

17.

barrier, glass formation, static dissipation, biocide,
nutrient rel ease, exfoliant, dispersion aid, and

wa@reoenggoR2 15. The nethod of claim 6, further PCT/US2006/020601

conprising the step of incorporating the

ol efin-bearing chem cal into a product selected from

ofhd Retgsdoup cini3s wheginfthd afvorposaticdy efsthehalefin-bearing chemical
colorants, polishes, creans, lotions, |ipsticks,

ngf%‘&?k:@ néﬁ%sn%‘? éir@ﬁé:?ty fIaRS frRRs ﬁ{ebgf&lﬁ,coﬁﬁﬁtlﬁ@be-adﬂesmn to a

cl &i m 15, wherein the incorporation

'ﬂ%@@g’t &a‘?g :r%ce g%a?r 'agns(ftj&e Mb‘ﬁ%t nﬁﬂ{lﬂésgél}c@ Qﬁé'?%'lt&a}nodulus, filler

from consi
adheS|on to a surface mater el l ency, dens .

| TRRORsempIL Rlatticist elaation. s%@gftvnsﬁ%aémrmon fesfitaee, radiation
rei nforcenent, plasticizer, relaxation, stress

t reaiseinee,, binbogical cmmaibilitangas, permsiahilitpnperesifst maisare and gas
bi ol ogi cal conpatibility, gas perneability, porosity,
Mingielr @lasdfogastidar stawe , diglips®nf driowde,onutrenatrelease, exfoliant,
di ssi pation, biocide, nutrient rel ease, exfoliant,

dHfs&EFsﬁinoa”d adlng,str@[{g?h'strength. 17. The method of claim
erein the ol efi n-bearing chenical includes an

epoxy nodified vinyl conponent.
The method of claim 6, further comprising the step of incorporating the olefin-bearing

chemical into a product selected from of the group consisting of fabrics, dyes, hair
colorants, polishes, creams, lotions, lipsticks, mascara, foundations, soaps, absorbants,

and make-up.

The method of claim 15, wherein the incorporation of the olefin-bearing chemical
modifies a physical property selected from the group consisting of adhesion to a
surface, water repellency, density, lubricity, luminescence, viscosity, modulus, filler
reinforcement, plasticizer, relaxation, stress transfer, abrasion resistance, radiation
resistance, biological compatibility, gas permeability, porosity, moisture and gas
barrier, glass formation, static dissipation, biocide, nutrient release, exfoliant,

dispersion aid, and strength.

The method of claim 1, wherein the olefin-bearing chemical includes an epoxy

modified vinyl component.
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