WD 2008/ 137209PCT/ US2008/ 056611 1FLUORI NATED POSS AS ALLOYI NG AGENTS
21 N NONFLUORI NATED POLYMERS 3Cross- Reference to Rel ated Applications
4Thi s appl weoednd®137208 a continuation-in-part of U S, Pat®rmus2008/056611
Application Serial No. 511/725,994 filed on March 19, 2007. 6Field of
the Invention 7This invention relates generally to nethods for

enhanci ng the properties of 8nonfluorinated thernoplastic and

t hernoset polyners and particulate and filler 9 surfaces through the
addi tion of fluorine containing POSS nanostructured chemicals. 10 The
fl uorinatied conponent nagLDORACATED POSS ASI AlS OVIRGPAGENTS80Ee. external

to the 1L POSS cage or copol WRonFedoOINATEEFOCARERs Additional |y
fluorinated POSS 12 cages nay contain netal atons to inprove their

conpati bidity with pol ynerGrogeReleence a6 Felaed Applitafiviis catal ytic
activity. 14This invention also relates to processes and applications

of polymeric 15materials and conposites with inproved physi cal
properties and f Thistdpplicdtibats 4 Gomteatidreintfrotef L0E. PawrEAbplioaIn Serial No.
fluorinated materials. These properties and 17applications include

i mpr oved Surfidzzs, g940fed dbn Marcno®-200vt i ng, anti-icing, and | ow
18friction surfaces, biological activity, perneation control, fire
retardancy, inprove 19ti ne-dependent nechani cal properties which
i ncl ude (theat distortion, high 20Fiekbafrthedmeengioabi | ity, conpression
set, creep, color retention, biological 2lconmpatibility). WD
2008/ 137209PCT/ US2008/ 056611 2 1BACKGROUND OF THE | NVENTI ON 2As
di scl osed i n U. SThisdeveantiomeslatzs gonerghisio reefbodsiopepfeangingdhe properties of
external |
By nonfluorinated thermoplastic and thermoset polymers and particulate and filler
9  surfaces through the addition of fluorine containing POSS nanostructured chemicals.
10  The fluorinated component may be contained inside the POSS cage, external to the
11  POSS cage or copolymerized with POSS cages. Additionally fluorinated POSS
12 cages may contain metal atoms to improve their compatibility with polymers and

13 surfaces and to impart catalytic activity.

14 This invention also relates to processes and applications of polymeric

15 materials and compaosites with improved physical properties and function that

16 resemble those of conventional fluorinated materials. These properties and

17  applications include improved surface properties, non-wetting, anti-icing, and low
18 friction surfaces, biological activity, permeation control, fire retardancy, improve
19 time-dependent mechanical properties which include (heat distortion, high

20 temperature stability, compression set, creep, color retention, biological

21  compatibility).



3 fluorinated POSS into fluorinated polymers further reduces their
surface energy and 4 contact angle rendering them super hydrophobic.
It is the Wig We¥/1vwoof this Sapplication to convey the rUI/IE2098/@h611
fluorinated POSS to inpart "fluoropol gmer type" 6characteristics to
nonfl uori nated pol yners, netal surfaces, particul ates, conposites 7
and bi ol ogi cal systens. 8lt has |ong been recognized that the
properties of polynmers can be tailored to 9 a high degree through
vari abl es such as pol yner sefASOGROUND OFITHEINVENTON e and 10filler
I ncor poration, conposition, norphology, thernodynam c and kinetic
processing llcontrol. It is simlarly known that various sizes and

shapes ofy fill er ag dfbsBaid U IFate® Nb2T 298,018 ahb ®tofdoratich! cﬁ!e&lf@mallg
carbonate, silica, carbon black, etc.) can be incorporated into 1

pol ymer s,3 NGReARited POSE R flidhidaeaHRemdre further wah_aé%emsmw@éner%y and
properties. 14In their solid state all polyners (including anorphous,

seni - crysi aldontRt addis rarledhd thaeh suied hyarePRdbic. oft & the BBREAESOF this _
consi derabl e anounts of internal and external 16 free volune and this

free vol wre dppsicalioh k@B Wse ATTRGGE ARINNARYPOSS 1P MR fIL&Spolyhst iHE"
it is wthin this volune that the dynam c properties (e.g. reptation,

transl at igon,chifc@drititésOn nopfiyGrinatdd g &rs, mbial Slrfebl Qhiddidies ebimpesSites
and fillers) of polyner chains 19primarily operate and in turn

i nfluence f urdaEodiedl spstgmiscal properties. 20The accessibility of
free volunme in a polyner system depends greatly on 21 norphol ogy and
on the size of the agent desired to occupy the free volune. 22
Ther nodyrsam ¢ and hies ety beeprreqaeynized that g pricpertion ohpalmgis candef taifeed to
vol ume 23di mension are major factors, which limt the ability of
convent i ®nala high Hegree througtPviarmblesssicings phlgmer sequente,reructurey aaditiyerand
system Significant WD 2008/ 137209PCT/ US2008/ 056611 3
1pr ocessliong/fijenpearpaliation, ebfmposition, maphelbgy theropedy rednit anfl kineic processing
conpati bilization between fillers and pol ymers since conventi onal
fillers Hdre cphiysli dids biniledy eawn thahvarious sizes and shapes of fillers, and particulates
12 {(e.q. Tefion®, calcium carbonate, silica, carbon black, etc.) can be incorporated into

13 polymers, monomer mixtures, and composites to enhance physical properties.

14 In their solid state all polymers (including amorphous, semi-crystalline,

15 crystalline, and rubber, etc.) possess considerable amounts of internal and external
16 free volume and this free volume has a tremendous impact on physical properties,

17 since it is within this volume that the dynamic properties (e.g. reptation, translation,

18  rotation, crystallization, interaction with surfaces and fillers) of polymer chains

19  primarily operate and in turn influence fundamental physical properties.

20 The accessibility of free volume in a polymer system depends greatly on
21 morphology and on the size of the agent desired to occupy the free volume.

22 Thermodynamic and kinetic properties, polymer morphology and free volume
23 dimension are major factors, which limit the ability of conventional fillers from

24 accessing the free volume in a polymer system. Significant



3nost pol yner di nensions, chemcally dissimlar, and visconetricaly
different than 4 nost polyners. 5Prior art in nonfluoropolyners has
utilize fl weriopgtendoaddi tives and fluorinated 6filler ppeT/UsubsSed1t 0
i npart characteristics of the fluorinated entity to the
7nonfl uorinated polynmer. Unfortunately, the prior art suffers from
process conplexity, 8inappropriate |Iength scale of the reinforcenent
to access polyner free volunme, or 9the reinforcenment |acks sufficient
geonet ri cal @eédsRiny/c@mpolniing ¥HeR isShdrt@liy Fedbi kripatigiishti

ot Ag/c®rpolndhg o8 i Wiy Iré@foerawe_aerom(afggm%uon

rei nforcenent at the nol ecul ar and nanoscopi c

11l ength 25C%&Seeﬁﬂ%%ﬂh@ﬁélb?ﬁe%ﬂ%e%ﬁbéﬁ#&hﬁl fﬂlé%péerétphﬁﬁcacﬂﬁz 14r96r than

nonf |l uori nated Ppol ynmer are’ | ost upon incorporation of conventi onal

fluorinated GoapRRATY: SimdmfidHs! BRdesl diﬁm#@?a%&&@étﬁé&lféiﬁ&eﬁhﬁ%nas

filler sizes decrease below 50 nm 14 they becone nore resistant to

sedi ment a i QHOQ'?J@IIYWF@- effective at providing 15reinforcenent to
pol ymer systens. The full application of this know edge, however,

16has been thwarted by the lack of a practical source of fluorinate

particul &t es or Pfof i naraluedpalitiets Nasutligs AudrirateELUditiVed BAd fluorinated
preferably with arigid 1 nmto 5 nmsize 18range. Particularly

desi r abl & arfilenparicliistps ksienpanahateepisicoiand aadrnadd éntipf ©ahse 19
chem cal conpositions, rigid and well|l defined geonetrical shapes, and

whi ch ar g 2hohfioeimatasdlyiier. arng:ﬁ'tuﬁﬂtélygl’hetp?riolﬁV‘aﬁ\éhﬁ@rsffﬁinﬂfn@b@%ﬂﬁpl@;fity,
pol ynmer chains. Such 21nanoscopic chemi cals are desirable as they
form st aly e idhppepratoRagn schienofpicd perdorc@ReRY1BtaebBss Yoy rherFRIeOWIUNRE or

| ength scal e necessary to scatter |light and hence are 23 visually
nondet ectgabltire vdieforcement pokasdticiedtyebimetrichl definition te grovRIBGHCOM0IL

chem cals 24 would be chemically conpatible w th nonfl uoropol yners
and di ssiol veegularty and reifiBrea08t 482 GeRETLIAIS20 88 ibihodcchiamang mihe
pol ymer chains, thus elimnating the need for the conpl ex processing
2r equi r elrentlengdh s¢dies. pCoreeqaently many desirable properties of the nonfluorinated

12 polymer are lost upon incorporation of conventional fluorinated components.

13 Furthermore, it has been calculated that as filler sizes decrease below 50 nm,
14  they become more resistant to sedimentation and more effective at providing

15  reinforcement to polymer systems. The full application of this knowledge, however,
16 has been thwarted by the lack of a practical source of fluorinate particulates or

17 fluorinated additives less than 50 nm and preferably with a rigid 1 nm to 5 nm size
18 range. Particularly desirable are monodisperse, nanoscopic chemicals with precise
19 chemical compositions, rigid and well defined geometrical shapes, and which are

20 dimensionally large enough to provide reinforcement of polymer chains.  Such

21 nanoscopic chemicals are desirable as they form stable dispersions within polymer
22 systems, well below the length scale necessary to scatter light and hence are

23 visually nondetectable when incorporated. Further fluorinated nanoscopic chemicals

24 would be chemically compatible with nonfluoropolymers and dissolve into and



3The fundanmental prem se behind this invention is underpinned 4

mat hemati cal |y through conputation of the surface area and vol une
contri butiwe BpwEviocded at various | oadings of 1 nm di aneCEBUSHS6dine
cont ai ni ng nanostructured 6chem cal edtities into or onto a

nonfl uori nated polyneric material. Conputation 7 reveals that a
fluorinated nanostructured chem cal contributes nore surface area 8
and nore volune as a % of its incorporation into a material than is

possi bl e 1f oran@nariee polpmet ERdins tl(tﬁ‘,ﬂﬁlnﬁhdliﬁb@helned:d iBHfh% OMASEpGEERHR
3). The net effect 1s that even 10 small | oadi ngs of nanostructured

cheni cal 3 casqi@Merds & thdprigrif.ace char act eristics 1lof a material.
This is an inportant econom c consideration since fluorinated

12materials are traditionally expensive and desired to be used in

m ni mal guanti t i The fubdkmehiaepremisebétdthtingdrition ininddrpiaidanat ed
nanostructured chemcals onto the 14 surface of a secondary materi al

(such as4T10Zathérakiddlly thrasth @mplitatRhalf tid dUrkes areinghdlvafiirhe esntri@bnbe
utilized to creating nore surface area on such particle and inprove

16t hei r compadvided dttviiriovd Ibadihg®of Namethrastdr Mihk BohtamiigeshrdatVéraicd.
17Recent devel opnents in nanoscience have enabl ed the cost effective

18manuf aet urchemicatentiies frt@br sntaatrionfiesrirated Wilyaérkl hatefial Gurgpligiin
descri bed as 19nanostructured chem cals due to their specific

chemi cal 7f orendas thhybfluadingiedatagasirecturdd chegral ehtribies made surface area
conposition, geonetrically precise and rigid shape, |arge physi cal
21si ze r @l atahdendre volumei s DWiEh of ieicobrticn inte @ .nfatamgl thaig pessible for
physi cal size relative to 22l arger sized traditional fillers (>50
nm . 23Nanoddrgergiamiodss (cbe Figued $, Rigwwre 20 shd Eigergd)i fihedchdbgffédtes thabessd
on | owcost 24 Pol yhedral digoneric Sil sesquioxanes (POSS) and
Pol yhedrial 6madjdoseings obnbnastiuetiredbe2€8d ¢V aGAIREIE thiS3008de0dabdcte fstids
Figures 4, 5, 6 illustrate sone representative exanpl es of
f | uor i ndtl ed ohameserialic T bis éxarc impuiriaat egonatmictonaideraion ginceffleorimaded o as
fluorinated POSS in this

12 materials are traditionally expensive and desired to be used in minimal quantities.

13 Further, the incorporation of fluorinated nanostructured chemicals onto the
14  surface of a secondary material (such as TiOp, CaCOQg, glass or mineral fillers, and
15 fibers) can be utilized to creating more surface area on such particle and improve

16  their compatibility with fluorinated and nonfluorinated polymers.

17 Recent developments in nanoscience have enabled the cost effective

18  manufacture of commercial quantities of materials that are best described as

13 nanostructured chemicals due to their specific chemical formula, hybrid (inorganic-
20 organic) chemical composition, geometrically precise and rigid shape, large physical
21  size relative to traditional chemicals (0.3-0.5 nm}, and small physical size relative to

22 larger sized traditional fillers (>50 nm).

23 Nanostructured chemicals are best exemplified by those based on low-cost

24  Polyhedral Oligomeric Silsesquioxanes (POSS) and Polyhedral Oligomeric Silicates



3application. It is recognized that oligoneric, polyneric, and netal
contai ning versions 4 of fluorinated POSS may al so be utilized.
Nanost r uct MO0 B3P cal s based on 5 pol yhedral ol i gonmerP€I/US2008/056611
si | sesqui oxanes and pol yhedral netall @sesqui oxanes are 6di scussed in
detail in U S Patent Nos. 5,412,053; 5,484,867; 6,329, 490; and

76, 716, 919, which are expressly incorporated herein by reference in
their entirety. 8SUMVARY OF THE | NVENTI ON 9As di sclosed in U S.

CoLent N 7 B3, LR AOLRE 4000 A SLSIAN bar nat oo
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desirabl e 21physical properties such processing aids, surface

| ubricity adhesion to pol ymeg'gﬂhg RY'HF PGEINVERTRAS te and netal

surfaces, water repellency, reduced nelt viscosity, 23reduced surface
energy, low dielectric constant, resistance to abrasion and fire,

24bi ol ogigcal conpaidiseioked n U Patstt NGURNBS 18] BRtihEdporafieiTBE dxéernally
applications. WD 2008/ 137209PCT/ US2008/ 056611 6 1The preferred

conposi tigonslupfifaed POSSiafoeiudringet polyridis RAhBF iedBtds STa@E leAbrgy and
2conbi nations: (1) fluorinated nanostructured chem cals,
f I uori natied-coarosdnglex reneéering them super hydrophobic. It is the objective of this

12 application to attain control over the contact angle, coefficient of friction, and

13 hydrophobicity of nonfluorinated polymers and filler additives and metal surfaces

14 through the use of fluorinated POSS.

15 The present invention describes methods of preparing new compositions by
16  incorporating fluorinated-nanostructured chemicals into nonfluorinated polymers.

17 The resulting nano-alioyed polymers are wholly useful by themselves or in

18 combination with other polymers or in combination with macroscopic reinforcements
19 such as fiber, clay, glass, mineral and other fillers and fibers. The nano-alloyed

20 polymers are particularly useful for producing polymeric compositions with desirable
21  physical properties such processing aids, surface [ubricity, adhesion to polymeric

22 surfaces, composite and metal surfaces, water repellency, reduced melt viscosity,
23 reduced surface energy, low dielectric constant, resistance to abrasion and fire,

24  Dbiological compatibility, optical quality plastics, cosmetic applications.



3ol igonmers, or fluorinated-nanostructured polyners fromthe chem cal
cl asses of 4fluorine containing polyhedral oligoneric

Si | sesqui owareess/13pwbysi | sesqui oxanes, 5pol yhedral ol i goPER/U$2008/056611
silicates, polysilicates, polyoxonetalsl ates, carboranes, 6 boranes,
and fluorinated pol ynorphs of carbon; (2) nonfluorinated polyner
systens 7such as aromatic and aliphatics, semcrystalline,
crystalline, glassy, elastoneric, oils, 8 and |ubricants thereof as

derived from hyd"l’ﬂ@??é?@r‘?@d c&ﬁp@g,ﬁdne%@s%n@m]&&n%mwtﬁ[e%té}ﬁﬁaﬁ%at@ﬁm

(3) inorganics neta and particulate mnerals and silicatious

powders, 510 c%ﬁfbui’éhbnef. Qﬁﬁi‘ﬁ:o‘?iﬁaféarrﬁ% t%d?:‘fﬁrla'&'bﬁ&nféal@"mquin%m%'host rictured

graphlte carbon bl ack,” tubes, eres, nesophase, pitch

fiber. 12pr Qﬂ‘n@aﬁe}syorﬂdbemaﬁm%ogﬁrudtmerpegﬁ@ré RS argp s88s of

chemi cals into 13nonfluoropolynmers is acconplis nding of

the fluorg nah%?lné‘é'&%lhfng%%@graléhdblﬁ?éﬁc%e% &Qléébﬁolgﬂ@éédtﬁ’é H?ﬁd. ng

mat eri al s. types and techni ques of coating, I'ng, 1Nc

mel t bl endi ngyyrdadal Qﬁg‘ﬂﬂﬁﬂri&%hcﬁfégUﬁdlg?é"hcﬁ{e%nﬁlél onfe@éll%?ésvﬁarﬁeﬁnes

16nonreactive blendlng are effectl ve. 1tion ective

i ncorpor g %rmesaaﬁ@f%?hﬁ%tw ﬁﬁ’orﬁﬁ‘@m é‘a%od "(‘i %oﬁﬂﬂélr%%%cﬁytn‘?err sﬁgffgr&

of a polymer can be acconplished by compounding into the

nanost r uet urgdh a8e t e i
copat i bi'e vﬁ'A’é?h?@%"?ﬁ&ﬁ“@?a‘f“‘éo%@éﬁ'?fygﬁ“@?”%fkﬁb"'iﬁgﬁﬁbﬁeés'%*d el ot

Wi thin the nyueibrhntsthéBof & dBvbd RORT IBfRRlaYborba6CaBhe S B5dlc mﬁaers

POSS chemicals with partially external I'y fluorinated cage such 22as

[(RSI O 3) 13herebi 8hd(3)IorbaicPm
the cage cavity 233%)((:h) asb%??)oﬁ%%?d%ggkggj rﬂﬂmefd_{_élgﬁcll ﬁi{i‘c eéirhﬁg% ﬁ&m@érs

fluorinafee Gpaes forifs tQAfHohIrA AR diakioA8 §RIvaaR Glabhite, Cafsdn L‘r?ﬁ't{k( F@fﬂe@

5)13(c)F] EB are particularly useful for incorporation into polar
pol yrer s;12( sphbreasmbyshtags) siches”ifmrrt hey are al so polar and hence
exhibit conpatibility.

12 Preferably, the method of incorporating nanostructured chemicals into

13 nonfluoropolymers is accomplished via blending of the fluorinated nanostructured

14 chemicals with the nonfluorinated materials. All types and techniques of coating,

15 blending, including melt blending, dry blending, solution blending, reactive and

16 nonreactive blending are effective.

17 In addition, selective incorporation of a nanostructured chemical into a

18  specific region of a polymer can be accomplished by compounding into the polymer
19  ananostructured chemical with a chemical potential (miscibility) compatible with the
20  chemical potential of the region desired within the material. This is most preferably
21  accomplished using POSS chemicals with partially externally fluorinated cage such
22 as [(RSiO15)sx(RrSiO1 5)x)2s OF cages containing fluorine inside of the cage cavity

23 such as Cation[(RSiO1 5)s@F]Y s. The internally fluorinate cages



3The physical size of POSS cages in conbination with tailorable
conpatibility 4 enables fluorinated POSS to be sel ectively

i ncor por at e J0/B7Pl yners, conposites, bSnetals, ceram ecI/aspo8/056611
bi ol ogical materials to control the suarface topol ogy, surface 6
properties, and chain dynam cs and subsequently favorably inpact a
mul titude of 7 physical properties. Properties nost favorably

i nproved are surface properties, 8inc|ud1ng contact angl e,
coefficiegnt fheid O the=iCl (o) o M

ahydr ophabi & Tgr SO R @A} re'oakRlart dhe@Efy I-EBHoRlon g polar popymers
ti me depgnd ' ' S , "

i Stortl an. st Rl o8R0 S Rko BOAPERG hETeer ity 2mpaBbiny
nmodul us, hardness, and abrasion resistance. In 12addition to

mechani cal propeifhé Bhysicll 586 oPPYSECRlGe® PRIk SRNWif t&i?dfagalebaﬁpanbinw
i nproved, 13including thermal conductivity, refractive 1ndex, fire

resi st ange, FEpphkit b i e Cttn
or oper t1 o, REMREMARARAPOSSIY be SOREER! niCroBlal inid poiyrierSiédmiidhos,

16BRI EF ESGRIAE! Sdibries Bl ANAAtrAld 16 chntrbl tHe bifd@ 505186 sGHacnd
vol unme contributions for [(c-Cb1-11181015)5315 18 POSS cage.” 19FI G 2

i 1lustratges Bndrbd kY i f IS hZe
POSS 20" Cagd Toy e v RS AP o Suh Ay il Inebt 2 rihugastr

| t . . 1
e e e e

i1 1 ustraiges fARNRPEIHiAE: Mo XM oPfricfior, @htading, sl teRgibgd POSS 2
nanostructured chemcals. 3FIG 5 illustrates representative exanpl es

of i nternal lnydicbHesitiRAbAY IUBREHT. DOthannopenies IMmbvedipBlsaimatiepBnddnt 0
contain a counter cation to bal ance charge and

10 mechanical and thermal properties such as heat distortion, heat stabiiity, creep,

11  compression set, shrinkage, modulus, hardness, and abrasion resistance. [n

12 addition to mechanical properties, other physical properties are favorably improved,

13 including thermal conductivity, refractive index, fire resistance, oxygen permeability,

14  oxidative stability, electrical properties, printability and biologlcal compatibility and

15 activity.
16 BRIEF DESCRIPTION OF THE DRAWINGS
17 FIG 1 illustrates diameter and volume contributions for [(c-CeH 115101 5)g15s

18 POSS cage.

19 FIG 2 illustrates the surface area contribution for [(¢-CgH11SiO1 5)g5s POSS

20 cage relative to wt % loading.

21 FIG. 3 illustrates the volume contribution for [{c-CgH;1Si01.5)555 POSS cage

22 relative to wt % loading.



Sassert additional conpatibility. 6FIG 6 illustrates a
representative exanple of partially externally fluorinated 7 PCSS
nanost r uct wicemogztserovcal . 8FI G 7 illustrates the contaceCEUspoasssEan
pol ystyrene show ng increasing 9contasdt angle with

[ (CF3(CF2) 7(CH2) 2Si 01.5) 8118 PCSS incorporation. 10FIG 8 illustrates
t he contact angles for LDPE show ng increasing contact llangle with

[ (CF3(CF2) 7(CH2) 25i 01 Ceha PGCSS incorporation. 12FIG 9 illustrates

t he cont gct angl f OnL1d i i j

cont act gngl e W ? ﬁe[f@%%ﬁ%%g??{%%é gg?%%@ﬂﬁ%?%@%ﬁ@gﬁ g%tregﬁd(;‘%

14FI G 16 i I ekir@disedic-Re tact angles for polynethyl methacrylate
showi ng 15i ncreasrli%rt]g goﬁt?@?&anm e with [(CF3(CF2)7(CH) 25101. 5) 8l 18

and 16 (CH3)41[ (CF3(CF2) 7(CH2) 2S01. 5)8@za PCSS i ncorporati on.
17DEFI NI'BI ON OF  F(RM st pRNEARL(NSKdrtblo NN I T kbiratcPPos st he

pur poses of understanding this invention's chem cal conpositions the

19f ol | owisng rr@bbiRidhired ehé cal WhiB bR o [cBRIESE Bb e %R to FRANREHaRle and
A igoneric 20 Sil sesqui oxane (POSS) and Pol yhedral Qi goneric

Si | i cat e 5( PQakeRab@fbénalcbmbasbildy. are nade. WO _
2008/ 137209PCT/ US2008/ 056611 9 Pol ysi | sesqui oxanes are material s

represented by the formula [ RS101.5]" 2 where x represents nol ar
degree of6 pol ynmeFiG.a ilestratewa Rpredeafitios erdmplerod paitial\dexidahint filRkihatet,
siloxy, cyclic or linear aliphatic or aromati c groups that may
4addi ti orral IBO$® nhavstrucesed cheaniaincti onal i ties such as al cohol s,
esters, amnes, 5 ketones, olefins, ethers and RF = represents
hal ogent at ed organi ¢ groups whi ch 6i ncludes fluorinated groups).
Pol ysi | sésqui oxafis Milystiséescthe isentapioamglasdor polystyr@néehawing ptaasing
Honol epti c systens contain onIFy one type of R group while

9  contact angle with [(CF3{CF2)#{(CH2)2Si01.6)s]zs POSS incorporation.

10 FIG. 8 illustrates the contact angles for LDPE showing increasing contact

11 angle with [(CF3(CF2)7{(CHz2)2Si01.5)slss POSS incorporation.

12 FIG. 9 illustrates the contact angles for styrene acrylonitrile showing

13  increasing contact angle with [(CF3{CF2)7(CH2)2Si0; s)s]ss POSS incorporation.

14 FIG. 10 illustrates the contact angles for polymethylmethacrylate showing
15 increasing contact angle with [(CF3(CF2)7(CH2)2Si01 s)s]ss and
16  (CHa3)4N[(CF5(C Fz)r(CHz)zSiOLs)a@F]zs POSS incorporation.

17 DEFINITION OF FORMULA REPRESENTATIONS FOR NANOSTRUCTURES

18 For the purposes of understanding this invention's chemical compositions the
19  following definitions for formula representations of Polyhedral Oligomeric
20 Silsesquioxane (POSS) and Polyhedrai Oligomeric Silicate (POS) nanostructures

21  are made.



8 heteroleptic systens contain nore than one type of R group. 9 PGCSS
and POS nanostructure conpositions are represented by the formul a:
10[ (RSi 01. ¥odopsar3ize honol epti ¢ conposi tions PCT/US2008/056611
11[ (RSI01.5)n(R Silai.5 nE# for heterol eptic conpositions (where R
R) 12[(RS101.5)n(RXSi 01.0)m z# for functionalized heteroleptic
conpositions (where R 13groups can be equi val ent or inequival ent)

141 n all of the above Ris the sane as defined above and X incl udes

?Séc‘Rj et oxi de¥ PBIgFSalbkarks %@?ﬁ%@%ﬁs&%ééﬁéé %ﬂ@%@%ﬁﬁéﬁ?ﬁkheh

i i VA L ti T
Z%%& ZE"L‘l ndihele kiedhadrty ﬁ@ﬁeﬁéﬁ“g%?g Befielz nenénf?‘%aﬁ%g?%’fﬁ%%@?@wande

S PO sl

3:-1 thin tRe %é‘ﬁ%i‘ﬁé'ﬁc@'ﬁ?@?'r%ﬂ%g{ 8o glonalieBr %‘féﬁ@?%‘f’fi‘#@%‘*@aﬁ@?f e
e Bl s
the over 21 1 BersS: fﬁ%”éﬂ%%@/?f%%ﬂgdr e S etehta MpdandBl Sighuls %@%“J‘a@é@
ize). 2 T I
ised i Yoo baer RO PRI e el B8 BY B et
soeTar LD DEEdp BRI edbeBl SREkEa ol oib s THPRIAR: caches

h ff ' ' f
mparting ¢ s AREPE Bty Rt MR E e e % (SUeh 6 oo

pol ymers) to nonfluorinated polynmers, conposites, additives, netals,

and al |l 73typessotnd@pOd ﬁdr%%trucﬁI@%ohﬁb%itibﬁ@&re@@ﬁ@%@ntg@%?the formula:

nanostructured chemcals to I npart uorinated 9characteristics to

such a diverse nunber of materials are: (1) their unique size with
10 [(RSiO4 5)nlxs for homoleptic compositions

11 [(RSIOq 5n(R'SiOq 5)mlxy for heteroleptic compositions (where R = R')

12 [(RSIOy 5)n(RXSi0Oq g)mlss for functionalized heteroleptic compositions (where R

13 groups can be equivalent or inequivalent)

14 In all of the above R is the same as defined above and X includes but is not
15 limited to OH, CI, Br, |, F, alkoxide (OR), acetate (OOCRY), peroxide (OOR), amine

16  (NR») isocyanate (NCQ), and R. The symbols m and n refer to the stoichiometry of

17 the compasition. The symbol ¥ indicates that the composition forms a

18 nanostructure and the symbol # refers to the number of silicon atoms contained

19  within the nanostructure. The value for # is usually the sum of m+n, where n ranges
20 typically from 1 to 24 and m ranges typically from 1 to 12. It should be noted that > #
21  is not to be confused as a multiplier for determining stoichiometry, as it merely

22 describes the overall nanostructural characteristics of the system (aka cage size).



10respect to polymer chain dinmensions, and (2) their ability to be
conpatibilized with 1lpolynmer systens to overcone forces that pronote
i nconpat i bwioi 2098/gsmoexpul si on of 12 the nanorei nf or ci ngrEmyESA04NE6611
pol ymer chains and surfaces and (3) their ability to bind 13to
dissimlar surfaces. 14Additionally advantageous are the fundanent al
aspects of high surface area, 15l ow density, and controlled vol une
contributions inparted by the nanoscopic size of 16 the POSS cage.

The nanoscopiHe AR & RRIdd RS abSRERioR WARSHS POSY :farrﬁas‘?@'er@ée%@on&?

very small | oadiing anmobunts and affords POSS to dom nate t surftace

and vol une 1Rehadidabe tHeSirb&shcalof BRFEAHiGH ﬁsidé%mﬁe_cgag@%ﬁw. nature of

POSS cages renders their dispersion characteri sti t'o be governed
by the G bbs free energy of m xing equation (AG = AH TAS) rat her

21t han kigneti c di sper si VBETANEDIDESCRIFTIONSOF tREaNYENTION! at es. Thus
the ability of POSS 22 to interact with a surface or with polyners

t hrough Van der Weals interactions, 23covalent, ionic, or hydrogen
bondi ng that canThe ptdseht ineshtion tedvbes @l lige of fBtinated POSS nanostructured
20081137209PCT/ US2008/ 056611 11 1t hernodynam cally, and kinetically
drive their ctiesjmissapagentsifos inpatiey hedhbiacadrisids of HWIchhgEIPiRefd (Keh
POSS cages are npbnoscopic in size, entropic dispersion (AS) is

3f avor ed.6 4\aidotynidrsioto epatlyorizasedayoynkereVeonipisited) eidtititys] ineppde i 41ty ,

| ow surface energy, 5and |low coefficients of friction, the

i ncor por at i dypeafofiphdioteisnat ed POSS has been 6 shown in US Patent No.
7,193,015 to further inprove these properties in fluorinated 7

pol ymers. Therefore extension of fluorinated PGSS i nto nonfl uorinated
systens Bs a 8l ofhek¢ysnbarenabts PEESinagb$tastured chemicalsitoinmgarsiucoinated

properties in nonfluorinated 9 polyners. 10 EXAMPLES
9 characteristics to such a diverse number of materials are: (1) their unique size with

10 respect to polymer chain dimensions, and (2) their ability to be compatibilized with
11 polymer systems to overcome forces that promote incompatibility and expulsion of
12 the nanoreinforcing agent by polymer chains and surfaces and (3) their ability to bind

13  to dissimilar surfaces.

14 Additionally advantageous are the fundamental aspects of high surface area,
15 low density, and controlled volume contributions imparted by the nanoscopic size of
16 the POSS cage. The nanoscopic cage size imparts these properties to materials at
17 very small loading amounts and affords POSS to dominate the surface and volume

18 characteristics of materials.

19 The chemical nature of POSS cages renders their dispersion characteristics
20 to be governed by the Gibbs free energy of mixing equation (AG = AH-TAS) rather
21 than kinetic dispersive mixing as for insoluble particulates. Thus the ability of POSS
22 tointeract with a surface or with polymers through Van der Waals interactions,

23 covalent, ionic, or hydrogen bonding that can be utilized to chemically,



11 Ceneral Process Variables Applicable To All Processes 12As is
typical with chem cal processes there are a nunber of variables that
can 13be uweckoeanscmatrol the purity, selectivity, rate BOUSMBEHEHNGISM
of any process. 14 Variables influencing the process for the

i ncorporation of nanostructured chem cals 15(e.g. POSS/ PCS etc.) into
pl astics include the size and pol ydi spersity, and 16conposition of

t he nanostructured chemcal. Simlarly the nol ecular weight, 17

pol ydi sper sith¥mitynSMBAMS iahl RheBEally eive Her i ,
mat ched with 18t hat of %e nanostrfgctur eﬁyﬁ%ﬁéﬁ&mm na Ie@ocdtaﬁteaﬁon
ki netics,» t hgy S GRS i@ ' ;
conpoundi ng prrf(?gggs E;@%aﬁ(g?ggf%%dgérgf thgeﬁlgggﬁ%étﬁﬁ%@&g’gﬁgﬁsﬁggéﬁ 'S
t he | oading hewed, and degree of enhancement resulting from

21i ncorporation of nanostructured chem cals into polynmers. Bl ending
processes such 22as nelt blending, dry blending and sol ution m xing
bl endi ng 4are al | veikdebiopelyaiersrael Ifi@mﬁ?r@ﬂtﬁeﬁlhﬁ&&ﬂ)ﬁtﬂ)idﬂgﬂ@ﬁtsruﬁﬁééléﬁeﬁgy,
chem cal into plastics. WD 2008/ 137209PCT/ US2008/ 056611 12 1Water
contact anglawl leweoeffioeaAsWf frictbn 3K IkeMorstidhePhedtinatdP@8d Has BvkbAe
2insight into the free energy of the surface. Critical surface
tension & tshewh@SOS RatéliPh. FOIGBEIEI0 f@fiér iovdIhess propeFtRs in fluorinated
determ ned. The surface tension of the 4 fluid is graphed in relation
to its cantgulynsergl Theeidrdextensib@eeludrinadROIE Po AGifREribdtad sPstéms is a
surface with a contact angle of 90 or higher is considered a

"non- wet t8 ngdgisal mcane forcoshéffatioelp attiining subh propetied irdsdnfladhedel ow
90 is considered "wetting." 7 Synthesis of Internally Fluorinated
Cat i onPOSS@potymreres 8 ( Bu4NRPhS101.5)8@1ys (via literature

Bassi ndal e, et al Angew. Chem Int. Ed. 9 (2003), vol 42, 3488)

Tet rabut yl anmmoni um oct aphenyl oct asi | sesqui oxane fluoride 10

(Bu4N) [ (IPhSIEXAMPEESze: Tetrabutyl ammoni um fluoride (1m solution in
THF, 2.5 m, 1lwith 5% water) was added to phenyl triethoxysil ane

(1.02 g, 4.2 muol) dissolved in
11  General Process Variables Applicable To All Processes

12 As is typical with chemical processes there are a number of variables that can
13 be used to control the purity, selectivity, rate and mechanism of any process.

14  Variables influencing the process for the incorporation of nanostructured chemicals
15 (e.g. POSS/POS etc.) into plastics include the size and polydispersity, and

16 composition of the nanostructured chemical. Similarly the molecular weight,

17  polydispersity and composition of the polymer system must also be matched with

18  that of the nanostructured chemical. Finally, the kinetics, thermodynamics, and

19 processing aids used during the compounding process are also tools of the trade

20 that can impact the loading ievel and degree of enhancement resuiting from

21 incorporation of nanostructured chemicals into polymers. Blending processes such
22 as melt blending, dry blending and solution mixing blending are all effective at mixing

23 and alloying nanostructured chemical into plastics.



12 dry THF (20 m). The m xture was stirred at roomtenperature for
24 h and a yellow 13viscous |iquid obtained after renoval of the

sol vent. DwWp wh/grwPorm (10 m) was 14 added, and a whiREI/PEaeBas6a1aS
obtained after filtration. Recrystallization from 15 acetone afforded
colorless crystals (1.25 g, 46%. 29Si NWR (79.30 MHz, CDClI 3, 16
TVS): d= 80.6 ppm 17 (Me)4NaPhSi 01.5)8@t8 To a 1 gram anhydrous THF
(50 ) suspension of 18 [(PhSiQ .$)a]le (0.968 mmle) was added a

slight excess of Wbyt adfled 8l 2RANLITIDRARHISHBLESY ?r?ci—pﬁgide
0.98 mmol e). After stirring under a nitrogen 20 at'nosphere

several hourigsigHients Hd it Ondibpbi thb driace. (itic A sAAEE teﬂhiéﬁ oF th%Spo@s THF.

21 The solution was filtered through di at omaceous earth and

sol vent sk 23YRARS, aHaPOLs BI@nﬂé WereAddibiRTihdd. aFHevﬁlrﬁébé ké%sﬂi‘n csffiﬁe

salt with fluoride inside the 23 silsesqui oxane cage.

THF) - 26.45 7
200%3/ 137209(5@9/ %gzgoggﬁrg%n({% “i%ﬁ?‘ | °s'|{ %'lf Séﬁé%lmzsg O% be 'bcft%d that

gram anhydr gbwtﬁ «ﬂﬂ&l&ﬁﬁ@@@? mrq{.%%ois(éé o@%ﬁ%@qﬁﬁﬁe,

mol e) was ad excess o anh tet ramet

fluoride (7 i gen
4at m)sphgre ssgj\‘}fg(rg% 830%)@5([%{1&?@9 ﬁ%ltc’%ér?g% ar i ﬁeregj lﬂ(s?h[ e product
di ssolves in THF 5 The solution was filtered through di at omaceous

earth ang t SNEBE kBN SR KRB oH Ufyed Guantitali ve
yield of th oxane cage. 19F

NVR (in THE) -25.5 (s) ppm 29Si NWR (in THF) -83.0 (s) 8 PPm 9

Me) 4N ( GF3(BHA d
Susponst on- SRRy BRE T LB @ R S P B SR

slight exc e%ﬁo@? vanhy, cmgfréﬁlétﬁmmbhmhﬁwméam éétégagéééﬁ.o&z.ﬁe fiBbride

0. 82 mmol e) er stirring under a nitrogen
10 (BusN)[(PhSiO4 5)s @F]zs: Tetrabutylammaonium fluoride (1m solution in THF, 2.5 ml,

11 with 5% water) was added to phenyl triethoxysilane (1.02 g, 4.2 mmol) dissolved'in
12 dry THF (20 ml). The mixture was stirred at room temperature for 24 h and a yellow
13 viscous liquid obtained after removal of the solvent. Dry chloroform (10 ml) was

14 added, and a white powder was obtained after filtration. Recrystallization from

15 acetone afforded colorless crystals (1.25 g, 46%). 2°Si NMR {79.30 MHz, CDCls,

16 TMS): d=80.6 ppm.

17 (Me)sN[(PhSiO45)s@F]se To a 1 gram anhydrous THF (50 mL) suspension of

18  [(PhSiO.s)e]za (0.968 mmole) was added a slight excess of anhydrous

19 tetramethylammonium fluoride (91 mg, 0.98 mmole). After stirring under a nitrogen
20 atmosphere for several hours the solution clarified as the product dissolves in THF.
21  The solution was filtered through diatomaceous earth and the solvent removed

22 under vacuum to give a quantitative yield of the salt with fluoride inside the

23 silsesquioxane cage. '°F NMR (in THF) -26.5 (s) ppm. %Si NMR (in THF) -80.7 (s)

24 ppm.



12at nosphere for several hours the solution clarified as the product
di ssolves in THF. 13 The solution was filtered through di at omaceous
earth and woeosssizvmat renoved 1l4under vacuumto give a puBEUOSIORAISEME
yield of the salt with fluoride insidesthe 15 sil sesqui oxane cage.
19F NWR (in THF) -28.8 (s, 1F), -69.9 (s, 24F) ppm 29Si NWVR 16(in
THF) -70.4 (s) ppm 17 (M) 4NRCF3CF2CF2CF2CH2CH2S101. 5) 8@ I E8 To a 1
gram anhydrous TI-1F (50 nL) 18 suspensi on of
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hours the, 6 ution clarified as the product dissolves in THF. The
sol ution wa iltered through 7 diatonmaceous earth and the sol vent
renoved under vacuumto give a quantitative 8 yield of the salt with
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11 tetramethylammonium fluoride (76 mg, 0.82 mmole). After stirring under a nitrogen

12 atmosphere for several hours the solution clarified as the product dissolves in THF.
13 The solution was filtered through diatomaceous earth and the solvent removed

14 under vacuum to give a quantitative yield of the salt with fluoride inside the

15 silsesquioxane cage. '°F NMR (in THF) -28.8 (s, 1F), -69.9 (s, 24F) ppm. 2°Si NMR

16 (in THF) -70.4 (s) ppm.

17 (Me}aN[(CF3CF.CF,CF,CH.CH.Si015)s@F]ys To a 1 gram anhydrous THF (50 mL)
18 suspension of [(CF3CF.CF.CFCH2CH28i0; 5)s)5s (0.396 mmole) was added a slight
19  excess of anhydrous tetramethylammonium fluoride (37 mg, 0.40 mmole). After

20  stirring under a nitrogen atmosphere for several hours the solution clarified as the

21 product dissolves in THF. The solution was filtered through diatomaceous earth and
22 the solvent removed under vacuum to give a quantitative yield of the salt with

23 fluoride inside the silsesquioxane cage. '°F NMR (in THF) -28.8 (s, 1F), -82.4 (t,

24 24F),-117.2 (m, 16F), -125.4 (m, 16F), -127.1 {m, 16F) ppm. 2°Si NMR (in THF) -



12anhydr ousTHF( 10nL) suspensi onof 13

[ (CF3CF2CF2CF2CF2CF2CF2CF2CH2CH2S101. 5) 8] x8 (0.279 nmol e) was added a
slight 14 wxcwe®13eiooanhydr ous tetranet hyl ammoni um f | uor PCIBUSZAMB/ 056611
0.29 mmole). After 15stirring under alfitrogen atnosphere for several
hours the solution clarified as the 16 product dissolves in THF. The
solution was filtered through diatonmaceous earth and 17 the sol vent
removed under vacuumto give a quantitative yield of the salt with
18f 1 uori de i-ps] %g h e silsesqui oxane cage. 19F NWR (in THF) -28.7 (s,
1F), -82.2 (v ‘TOBRYY, -117.2 (m 16F), -122.6 (m 16F), -122.8 (m
32F), -123.7 (m 16F), -124.5 (m 2016F), -127.2 (m 16F) ppm 29Si
R (in B Amelfurber.aner. 8t Eatinenisiehoner enlrecse TS
22The utili t(y E(Y)4f [‘: Cﬁ@caée@ﬁ% e %ﬁf'@%%%hﬁggaﬁpgari atulson of
the R 23397 Q5P 1) stdlRrs A% REH.EH Eab i Q8 0d {

cati on aseod B B RSB 2 RGeS A SRR SR B d 148 Eiote
cage. Nuner t i J: ive
onium 9 cat %S@EQ% agﬁ%é??%n@ﬁwﬁjglﬁ%%tﬂg%@ ﬁegﬁgﬁ%e@%i um
Wi th oni um 3ead fe)C AReRbRHi itk |
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or therapeutlioc Iprof);lelrlfclisa‘ess. ?J%% C?ﬂ'ﬁg@?%l‘aﬁmgﬁt-{% %Jﬁﬁb%ﬁsg%&td(}é}s%gd

for the @pr%@étbrﬁ%edﬂ%iéairthﬁngrthé: &were &Hd‘”ﬂd@ﬁ{}ﬁnﬂﬂﬁo PEULARAHVEY

out by dissolving tetranethylamoni um 8 oct aphen oct asi | sesqui oxane

f1uori de g N@)Mﬁﬁ@%l@%tﬁh&@dﬂﬂnéi&é %eTéﬂEeéctﬁlit%xtQH@ga .iTFagﬁiEfD@fPﬁprl'gaﬁ

stoichionetrically equival ent amount of cetyltrinme I um

chl or i de gandg SiF -8 Aqt, f22F), ]-}91 g1 (! f5F)al1245%m, 1BEN -PAyTL gﬁ.f ! ﬁ%ﬁﬂ@.a\'&ﬁﬁ

added to the 11m xture to forma second layer into whi

resul ting Cagpl oifR) SRRMR 04 TRFP(®)6 yBph2 Was extracted. Upon

renoval of volatiles and drying a quantitative anmount of 13 product
was obtai ned. The Cetyl(1lle)3N (PhSi 01l.5)8@®18 was observed to be
11 (Me);N[(CF;CF.CF,CF,CF,CF.CF,CF.C HzCHzSi01_5)s@ F]Zﬂ To a 1 gram

12 anhydrous THF (10 mL) suspension of
13 [(CF3CF:CFCF.CF:CFCF;CF2CH,CH2Si0O1 5)a]5s (0.279 mmole) was added a slight
14  excess of anhydrous tetramethylammonium fluoride (27 mg, 0.29 mmole). After
15 stirring under a nitrogen atmosphere for several hours the solution clarified as the
16  product dissolves in THF. The solution was filtered through diatomaceous earth and
17 the solvent removed under vacuum to give a quantitative yield of the salt with
18 fluoride inside the silsesquioxane cage. 'SF NMR (in THF) -28.7 (s, 1F), -82.2 (,
19 24F), -117.2 (m, 16F), -122.6 (m, 16F), -122.8 (m, 32F), -123.7 (m, 16F), -124.5 (m,

20 16F), -127.2 (m, 16F) ppm. **Si NMR (in THF) -70.7 (s) ppm.

21 Cation Exchange for CationPOSS@F Cages

22 The utility of F@POSS cages can be controlled through variation of the R

23 group on the cage and through variation of the counter cation associated with the



14 significantly nore effective as a biocidal agent that the

t et ranmet hyl ammoni um cati on. 15K[ (PhSi 01.5)8@] 1e Simlarly, cation
exchange oWwaees/osmioam groups on 16 F@POSS with an i nor gei/oS2068/056611
such as K+, Na+, Li+, Ag+ is desirable as they 17 afford higher
tenperature stability and do not produce a noticeable snell when 18
heat ed. Oni um exchange for inorganic cations was successfully
acconplished for 19 exanple, by addition of KPF6 to a THF sol uti on of
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to 4
JCF1( CH2) 3Sld?[%tf§(lgmg)v ?/fIFrr@éFﬁ acryl ate), 5101. 51z1yei net hyl net hacryl ate
5 copol yners 6Copo| yners of

hept a(t ri# | uor opRRHh REHAYE BBA B lcARID%H b BSoIRRY MIRIm monium
7([ (CF3(CH2) 3Si 01. 3) 7( propyl net hacryl ate) S 01. 5) 11D3) an

net hyl rretahacacydm\feayl\w@,u&saumaﬁ@mda@bwemﬂphsid QN IFRETARE followed

procedure. Under a nitrogen atnosphere, y, oxygenh free solution

of toluere (b atiitish,of 3-skiciidmetrically ec1u:valentamount of cetyltrimethyl ammonium
10[ (CF3(CH2) 3Si 01.5) 7( Propyl met hacryl ate) Si 01. 5) dy8 (300 ng, 0.245

mol ), 1Lh miwhmhh%ﬁfrmba@ﬂdﬁm&srmzs% 9B ofadamd BAS &ddedlo iRe
0.068 mml ) was 12 prepared and heated to 63C for 16 hours. This

sol uti onvwasnikiventodolribedcond RydSintb3Mictothe GekditthgaDsty| PHSOSH): @
75 nmL of nethanol. After stlrrlng overnight a white ﬂ SO Fld fo?’?n&*rrﬂh(a
and was 1ol lvesiedrabledy apon iehovdl bavdiated AndB@Yingi e thnaftve Hinbii of

13 product was obtained. The Cetyi(Me)sN[(PhSiO1.5)s @ F]ss was observed to be

14 significantly more effective as a biocidal agent that the tetramethylammonium cation.

15 K[{PhSiO1s)s@Flzs Similarly, cation exchange of the onium groups on

16 F@POSS with an inorganic cation such as K+, Na+, Li+, Ag+ is desirable as they
17  afford higher temperature stability and do not produce a noticeable smell when

18  heated. Onium exchange for inorganic cations was successfully accomplished for
19 example, by addition of KPF8 to a THF solution of tetramethylammonium octaphenyl
20 octasilsesquioxane fluoride (Me)sN[(PhSiO 5)s @F]ss. This mixture was allowed to

21  stir for about 15 minutes, at which time the solution was filiered and the POSS

22 product was isolated by filtration and the [(Me)sN]*PFg salt was retained in solution.
23 The POSS product was collected in near quantitative yield upon removal of volatiles

24  and evaluated with TGA and FTIR relative to the starting materials. Similar cation



15 spectroscopy showed no unreacted nononers. In general it was
observed that 16 glass transition of the copol yners decreases with

I ncr easi ngwbAo¢sB3peH2) 3Si 01. 3) 7( propyl net hacryl at e) Si GGHER0EMEEENT
relative to that of 18 net hyl net hacryl@te and ranges from 120C to
130C, while the heat capacity and 19 thermal gravinetric performance
I ncreases with higher FOSS | oadi ngs. The contact 20 angle for a
series of these copolyners is listed in Table 1. 21 Table 1. Contact
angl es ofy 2 RS : 8'8 .
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[ CF3(CH2) 3Si O15) 1211, 2/ PMVA80. 511.2 WD 2008/ 137209
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4 [CF3(CH,);SiO; s}z (propylmethacrylate); Si0; 5);13 /methylmethacrylate

5 copolymers
6 Copolymers of hepta(trifluoropropyl)propyimethylmethacrylate octamer POSS

7 ({(CF3(CH2)sSiO1 s)7(propylmethacrylate)SiO4 s)1]5s) and methylmethacrylate were

8 prepared using the following general procedure. Under a nitrogen atmosphere, a

S  dry, oxygen free solution of toluene (2.72 mL, 2.35 g),
10 [{CF3(CH2)sSiO1 s)z(propylmethacrylate)SiQ; 5)15s (300 mg, 0.245 mmol),
11 methylmethacrylate (2702 mg, 26.99 mmol) and AIBN {11.0 mg, 0.068 mmol) was
12 prepared and heated to 63 °C for 16 hours. This solution was then diluted with 15
13 mL of CHCI; and precipitated into 75 mL of methanol. After stirring overnight a white

14 solid formed, and was collected by vacuum filtration in 85% yield and 'H NMR

15 spectroscopy showed no unreacted monomers. In general it was observed that
16  glass transition of the copolymers decreases with increasing
17 [(CF5(CH2)sSiO1 s)7(propylmethacrylate)SiO; s)Jss content relative to that of
18  methylmethacrylate and ranges from 120°C to 130°C, while the heat capacity and
19  thermal gravimetric performance increases with higher POSS loadings. The contact
20 angle for a series of these copolymers is listed in Table 1.

21 Table 1. Contact angles of
22 [CF3(CHz)sSi0 s){propylmethacrylate), SiO; s)7] % o/methylmethacrylate copolymers.

Composition Average Standard Deviation
Contact Angle

PMMA 78.5 8.5

3/97 [CF3(CH2)3Si0, 5)12]3 12/PMMA 897 5.8

5/95 [CF3(CH3)3Si0y s)12]3 12/PMMA 80.5 11.2




88.4 7.0 1 2 Synthesis of Externally Fluorinated POSS 3In a 1L

vol unetric flask, conbine one nole of 4

[ ( CF3CF2CFRCRaREH2 CF2CF2CH2CH2SI (OEt) 3 or 5 PCT/US2008/056611

[ (CF3CF2CF2CF2CF2CF2CH2CH2S1( Okt ) 3, 272 20 g was made from 100 nmL of

DI 6 water and 0.774 g of 85% KOH and absol ute ethanol. Transfer to a
2L flask and stir 7 under nitrogen for 5 days. A white precipitate
forms, which is rem)ved by vacuum8 filtration. The precipitate is

di ssol ved iH mashbd th“"c +=Hres—9 ter.
The sol vent 33%2 mﬁ%“ Ea:si] éf/mpj ust untlgg,pr eci pi tateﬁg arts to
form 10Thi s CT Sor Ut -On 15 dri pped 1 to Tapi dty StTr1iny

nmet hanol y| elding a fluffy white itprecipitate. The solid is renoved
by vacuum fidyniRddi®Bf EXfRirnMNFuEHANed) pdss 12
[(CFBCFZCFZCI%HCHCHZCHZS%_%BQ_U_H‘E% / RC F3C F2C F2 CF2 13
CF2C F2CF2CF2C H2C H23101,5)80 FIX8 , -66.7 ppm Mlting point 14

[ ( CF3CF2GF2CF2CFRCrRChidfahcask) &@ife dRé sl b CF3C F2C F2 C F2 15
CF2CF2CF2CF2CH2CH2Si 01.5) 8@ I E8 138 C. Typical yields of product

range 11 om YERBFAOPOFIOFLSF.OROFIMIOM,SIGRYL bon concentrati ons of

0.1M More concentrated 17preparations can also be carried out with
mechani ca  JIGH,CFROFOF.CRLCF, ELCHIM(ORSAL obigOnad ﬂnﬁdé #raﬁarfom%eéf PSS

cages al so bearing reactive groups are 19 desirable surface

modi fi catsl ofwaRér drRtGaF B4 g bf B5RMGOH aRd a6sEMRtham. Clﬁéhsl@@r 828R eWRH and stir
20Preferred reactive groups include but are not limted to silanols,

si | oxi deg, 2haet Masge @t 8Hays. M @hie pREIDNES. foded, Uhichas tedidveddyGABRIS
i socyanat es, epoxides, and 22Lewi s aci di c net al's.

8 filtration. The precipitate is dissclved in dichloromethane and washed three times

9 with DI water. The solvent is removed in vacuo just until precipitate starts to form.
10  This cloudy solution is dripped into rapidly stirring methanol yielding a fluffy white
11 precipitate. The solid is removed by vacuum filtration. *Si NMR (CD.Cly) &:

12 [(CFsCF2CF2CF2CF.CF2CH2CH28i015)s @ Flys/ [(CFsCF,CF, CF,

13 CF.CF:CF:CFCH,CH2SIO  5)s@Flss , -66.7 ppm. Melting point

14 [(CF3CF.CF.CF.CF,CF2CH,CH,SIO! 53 @Flza 124 °C, [(CF3CF.CF, CF>

15 CFCF:CFCF:CHCH;Si015)s @F]ses 138 °C. Typical yields of product range from
16  98-99% can be obtained at reaction concentrations of 0.1M. More concentrated

17  preparations can also be carried out with mechanical stirring of the reaction.

18 Additionally fluorinated POSS cages also bearing reactive groups are

19  desirable for surface modification of metals, fillers, and composites can be prepared.
20  Preferred reactive groups include but are not limited to silanols, siloxides,

21  methacrylates, thiols, amines, acids, esters, alcohols, isocyanates, epoxides, and

22  Lewis acidic metals.
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2A wi de variety of fluorinated

POSS cageswomtodgiss7wepar ed and potentially 3 incorpor at rOI/USAEH056611
pol ymers and the proper selection of BOSS cage i s dependent 4upon its
conpatibility with the desired pol yner.

surface 5 properties of the cage.
exhi biting | ow surface 6 energy,
powder dens
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Tabl e 2.
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Sel ect ed physi cal

Al so of

i mportance is the
For exanple fluorinated POSS cages
hi gh water contact angle,

i.hxgwa@mafﬁhoﬂﬁgghtwo@é 2ah eemw&qul;i@ggd?p&gn.%@ ns as

properties for externally fluorinated POSS

with | ow

[ CocratracrocrACRIC TBUIS T e 1OSY PR CRBAE ety apg potentaly

25101s) alsEs Gk béaal Irﬁgr oREerd GRS B &S elBis o088 cADK M Mk Rbent
Cont act Angle ThoyRR Jé?i'ge Powder TRNSi Ty b 19 e
4 upon its compatibility with the desired polymer. Also of importance is the surface
5 properties of the cage. For example fluorinated POSS cages exhibiting low surface
6 energy, high water contact angle, with low powder density and crystal density are
I
7 desired. Table 2 contains as summary of preferred systems for incorporation into
8 polymers.
9 Table 2. Selected physical properties for externally fluorinated POSS cages.
POSS H{CFCF,CF,CF,CF,CF,C | [(CFsCF2CF,CF,CF2CF,C [ [(CF,CF.CF,CF.CH,CH
F:CF,CHCH,SIC 5)slss HxCH,SIO, 5)slzs 2910 s)alya
Critical Surface 8.68 mN/m 14.98 mN/m
Tension
Water Contact 154° 115° 117°
Angle
Powder Density 1.95 g/mL 1.88 g/mL 1.86 ¢/mL
‘Crystal Density 2.06 g/mL 2.05 g/mL 1.98 g/mL
10
11 The incorporation of [CF3(CH2):Si01 5)12)¥ 12 into commercial grade PMMA
12 (polymethyimethacrylate) was accomplished by solution blending and melt blending
13 with POSS weight percents of 3%, 5%, and 10% and 20% respectively. The
14  resulting formulations were subsequently heated to 140°C to anneal the systems
15 and secondarily heated at 175°C until optically clear. The water contact angle was
16 measured after each heat treatment to determine the impact on contact angle.
17 Incorporation of the [CF3(CH2)aSiO1 5)12]F 12 resulted in an increase of contact angle
18 and corresponding increase in hydrophobicity and surface energy reduction of the
19 formulation. Increasing the hydrophobicity of PMMA is highly desirable as water
20 absorption by PMMA is well known to reduce its durability and aesthetics for




1.95 g/nL 1.88 g/nm. 1.86 g/nL Crystal Density 2.06 g/nlL 2.05 g/ nL
1.98 g/nL 10 Il The incorporation of [CF3(CH2)3Si 01.5)12I E12 into
conmer ci al Wgr2atka3PNRA 12 (pol ynet hyl net hacryl ate) was apChUs0dslsedd1 by
solution blending and nelt blending 1® with ROSS wei ght percents of
3% 5% and 10% and 20% respectively. The 14 resulting fornul ations
wer e subsequently heated to 140C to anneal the systens 15 and
secondarily heated at 175C until optically clear. The water contact

angl e wag 1G; g@,%@@kn@%hebf;mapﬂ@aﬁoﬁst RS wideyahigdd intentdl 8nd
I npact on contact angle. 17l ncorporation of the

( CF3( CH2),3 SHadstRetitZpbilcatibh SiHints CadhBsi@Bs, | A8 BafTysIh whithiRE bpaRELE 18

and correspondi ng i ncrease in hydrophobicity and surface energy

reducti on ofindié\g bR of | 84 ‘ P
v B oSk BB o st s s,

to reducq its3edib@Rbdd bi¥ndd\e@sRddsetdCardr @hnedRg for 2 hours at 140°C (Table 3)
2008/ 137209PCT1US2008/ 056611 19 1si gnage, utensils and opti cal

appl i cat isonsndRifPahfealhdflr g Houtd 41z68:¢ (r4gdiypl and 2prosthetic
application, paints, adhesives, and coatings 1n which the uptake of 3
noi sture causes degradation of nechanical properties. The contact

angl es f@r FTahies®( Contadf arighsd [OF KOHS):SEY, §):JIERSHUTMIAA Ifinds RinAaAlbd at
for 2 hoyrs 1ap°@.40C (Table 3) 5 and after annealing for 2 hours at
175C (Table 4).

Composition Average Standard
Contact Angle Deviation
PMMA 74.6 14.3
3% [CFa(CH2)38i01_5)12]Z12 blend 78.2 4.6
5% [CF3(CH2)sSI0 5)12]3 12 blend 87.6 2.1
10% [CFa(CH2)3Si0 5)12]Y 12 blend 97.4 3.5
20% [CF3(CH>)3SiO1 .5)12]5 12 blend 100.5 2.6
8
9
10 Table 4. Contact angles of [CF3(CH,)3Si0 5)12]3 12 and PMMA blends annealed at
11  175°C.
Compaosition Average Standard
Contact Angle Deviation
PMMA 82.1 12.1
3% [CFa(CHa)aSiO1_5)12]Z12 blend B2.6 5.25
5% [CFa(CHg)3Si01 5)12]¥ 12 blend 83.3 2.0
10% [CFa(CHz)aSiO1_5)12]Z12 blend 290.0 1.3
20% @F3(0H2)38i01_5)121212 blend 96.5 3.9
12

13 Properties of Nonfluorinated Polymers Containing Externally Fluorinated

14 POSS and internally Fiuorinated POSS

15 Nonfluorinated thermoplastics were obtained from a variety of commercial
16 suppliers. The melting and processing temperature for each polymer was

17  determined by differential scanning calorimetry (DSC). Externally and internally

18  fluorinated POSS were prepared as described. A general method for incorporation

19 of the POSS into the thermoplastic polymer utilized a twin screw extruder



6 Table 3 . Contact angles of (CF3(CH2)3Si G 5)12lI E12 and PMVA bl ends
anneal ed at 7140C. Conpositi onAver ageSt andard Contact Angl e Devi ation
PMVA74. 614WD 80&/{3CH8( CH2) 3Si 01. 5) 12| X12 bl end78. 24. 6 5% CT/US2008/056611

[ CF3(CH2) 38101. 5) 12112 bl end87.62.1 1886 [ CF3(CH2)3SI OF . 0121112

bl end97.43.5 20% [ CF3(CH2) 3Si O 5) 12) Z12 bl end100.52.6 8 9 10 Table 4
. Contact angles of [CF3(CH2)3SIi O 0121E12 and PMVA bl ends anneal ed
at 11175C. ConpositionAver ageSt andard Contact Angl e Deviation

PMVAS2. 11 3
[CPa(OHR) 351 D1 o) ToTe1s bl ondss 3o Tavn T e arer e spymes an

ol endS0. 03 Sp@SGHIHENAS eIt o1 lien498,57ad obderich,Proper L oo

of Nonfl uorinated Pol yners Contai ni ng External uorinated 14 PCSS
and Internally Fluorinated POSS 15Nonfl uori nat ed t her nopl astics were

obt ai ned ¥rom a heirmbsetirg pmvmé@aﬁllsmil@rlﬁué)ﬂhﬁz%ﬂ% whiz tlﬁ@bb's@igs and
processing tenperature for each polyner was 17 ‘determ ned by

di f f er entd al insarpovatetivia BOWIHidReARYI0GREGAF m&mgedrr@ddp»slyﬁféﬁzaﬂbhe il [y 18
fluorinated POSS were prepared as described. A general nethod for
i ncor por & i qireferred method is dependent upon the v:sual homogenization of the system and

6 the viscosity of the initial resin mixture.

7 In general the incorporation of externaily fluorinated and internally fluorinated
8 POSS was effective at increasing the hydrophobicity of the polymers into which it

9 was incorporated.

10 Examples provided in Figures 7-10 illustrate trends for the enhancement and
11 are not intended to represent limitations on the scope, range or utility, or

12 effectiveness of the method. It is realized that differing degrees of hydrophobicity
13 are required for specific applications along with other desirable propetrties such as

14 mechanical, thermal, biological, optical, processing, and finish properties.

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

19  claims.

20 What is claimed is:



19 of the FOSS into the thernoplastic polyner utilized a twin screw
extruder WD 2008/ 137209PCT/ US2008/ 056611 20 1 (M cr oConpounder, DACA
I nstrunents) and conpoundi ng of the polynmer and 2 PGCSS t horoughly
until a steady-state of m xer torque s observed. 3Thernosetting
polyners can simlarly be utilized in ich the PCSS is 4

i ncorporated via both high and | ow shear m xi ng and copol yneri zati on.
The 5 preferred nmethod i s dependent upon the visual honopgeni zation of
the system and 6the viscosity of theyiaméi al resin mxture. 7In
general the incorporation of externally fluorinated and internally
fluorinated 8 POSS was effective at increasing the hydrophobicity of
the polyners into which it 9 was incorporated. 10Exanples provided in
Fi gur ed- 7- 16 mpthad of alleying amigteriadly fupenaehaanostmstred pibntigal selegtod from the
i ntend 0 t h p ut| I

oS fegﬁ@e%%gg{log%? Pdéﬁ“c%%g c%ﬂfam%‘ %eg oﬁﬁ% % ?189‘?1? Mg deé e%a§es
of hydraphiabigcs tfluotiBarien rieddd ﬂ@dcefgerm&p&mcfniﬂﬁompﬁlﬂyhﬁﬁt{tcm’i]:ﬁjs&igthg e bf
ot her desirahle propertjies such as 14nechanical,  the bi ol ogi cal
opt 1 carompp gl STl TRt TRasiirieg Chesimt bl Lepoime:
representative enbodi nents and details have been shown for 16purposes
of illastrapimgthbdacdondiegtd Glaim i1} wherein HeiiappaiRiint htndsheaered khihRdls is
in the 5 that 17 various changes in the nmethods and apparat us

di scl oggﬂ 9eint the Rl ymee made 18 without departing fromthe scope of
the invention which is defined in the appended 19cl ai ns. 20Wat is

claimeg, i s: A Bdth&d-AcMRing to claim 1, wherein the nonfluorinated polymer is in a physical state
selected from the group consisting of oils, amorphous, semicrystalline, crystalline, elastomeric,

rubber, and crosslinked materials.

4, A method according to claim 1, wherein the nonfluorinated polymer contains a chemical

sequence and related polymer microstructure.

5. A method according to claim 1, wherein the polymer is a polymer coil, a polymer

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

6. A method according to claim 1, wherein the nanostructured chemical reinforces the

nonfluorinated polymer at a molecular level.

7. A method according to claim 1, wherein the nanostructured chemical contributes to
volume of the polymer.
8. A method according to claim 1, wherein the nanostructured chemical contributes to

surface area of the polymer.
9. A method according to claim 1, wherein the compounding is nonreactive.
10. A method according to claim 1, wherein the compounding is reactive.

11. A method according to claim 1, wherein a physical property of the nonfluorinated

polymer is improved as a result of incorporating the nanostructured chemical into the polymer.



| .A method of alloying an internally fluorinated nanostructured

chem cal selected fromthe group consisting of POSS cages containing

a fluorine ion inside the cage and PCS cages containing a fluorine

ion inside the cage into a nonfl uorop Eyner, conprising the step of
conpounding the internally fluorinated nanostructured chem cal into
the polyner. 2. A nethod according to claim1, wherein a m x of

di ffergnt nanaRMiUdBsdaies aahs 11 Swhtehdgd p'hP§iE¥il tﬂ?@pa?lgfl rises #:méhber
nmet hod according to claim1l, wherein the nonfluorinated polymer is in
a physiselg¢ted fignethsedreen eensistingnof hiebrigitpugpnirsh sige,i wageofepelldngy, adhesion to a

anor ph L. GEYSt ine,. crystallipe | astomer i r ubber nd )
ot osel PR apaiats) B o RO SRS & of Tl Bl v
nonf | uoegetiatoyddpnity,tfew didetidd amsang tenmalalondetuiy edasandnditdra vBeosity, melt
pol ymer m.crostructure 5. nethod_accorg%gg to claim1, wherein
the” polAEFOT sSIrags | Yerluse griexation, sfrpsve FansiirapRTasian pissiyizace: & Fsisignce,
pol y e bicleGer B mp&Hbiliy Xdad heandaBBi £ Ahd porBsityA Met hod according to claim
1, wherein the nanostructured chenlcaF rei'nforces the nonfl uorinated
pol ymer at a nol ecular |evel. 7. A method according to claimil,

wher ei A3t he AnBistodr areoidingdtoc g dalwhestin the gerpoundingostepmis @ecoptpdished by
pol yma'i)lendi%g tHe B:QRQ &{eqﬁcfb%ir{‘t@th%l %lﬁﬂe}.’ wherein the

nanostructured chem cal contributes to surface area of the polyner.

9. A nmethod according to claim1, wherein the conpounding is

nonr eadti veA mehod Acersdingdo sdaior Ui wigereio the apmpdundigester 5 2dsemplished by a
conpoundl i.S. I LVEe.p A t . accor dj .0 ¢l ajm wher ei

o Py Saftlg R BACHLE o e oo RS BETeH Mehdis S Py 8 sGullon
resul t blehdingcor porati ng the nanostructured chem cal into the polyner.
22 12. A nethod according to claim11l, wherein the physical property
conpri sges a,nmenper selected fromth ro consi stin f lubgicity,
cont ac §3'angf“‘,ne ?é?c?gﬁgl?éﬂﬁﬁf1a&ﬁ%@?bﬂgt%mﬁmﬁﬁp9ﬁgfﬁﬁn§ar gleons as a
adhesi phstigized conposite surface, adhesion to a netal surface, water
repel l ency, density, low dielectric constant, thermal conductivity,

gl ass § ansitiog, viscosity .nmelt transition, storage nodul us,

r el axat®-on, Adpgthedsaceoidimgrtaclaim ], whergim theasnostmpiyed sligmica] funciipngpse filler.
bi ol ogi cal compatibility, gas perneability, and porosity. 13. A

et hod 1 ac COAGhdBod &ecbidaigtolelaiiie Herkin IR raRtERAbMHANGeSt@Pfungtions as both a
acconpl i shed by bl endi ng the nanostructured chemcal into the

pol ynePlasticizer aid #1l¢fod according to claim 1, wherein the conmpounding
step is acconplished by a bl ending process selected fromthe group
consi signg Rf mBlbe RESARALNG, cidiy 10LARAIRGRe ﬂ%sﬁ%ﬂfeﬁo&e%&ﬁ‘gé "WGrectively
15. A nethod according to claiml, wherein the nanostructure

cheni cedmpgoynded owe the palymer such that the nanostructured chemical is incorporated into a

predetermined region within the polymer.

19. A polymer composition produced by a method according to claim 1.

20. The method of claim 1, wherein the compounding allows control of the molecular motion
of the polymer.
21. A method according to claim 20, wherein a time dependent property is enhanced as a

result of compounding the nanostructured chemical into the polymer.



pl asticizer. 16. A nethod according to claim1l, wherein the
nanostructured chem cal functions as a filler. 17. A nethod

according to claim1, wherein the nanostructured chem cal functions

as both a plasticizer and a filler. 12§ A nmet hod according to claim
1, wherein the nanostructured chem cal™is selectively conpounded into
t he pol yner such that the nanostructured chem cal is incorporated
into aqpred ] L it BN : 3

composi 21 on proiiog e haalz cith P15 whoiP MR dopetiiny Sl Rfetested from
met hod thd grobpiconsistingioé Tei MDT hmoddny ceedi seyy rethehditecmosiol resistandee abrasion
nol eculnglsrist %i on of the polynmer. 21. A nethod according to claim 20,
whereina tine dependent property is enhanced as a result of

conmpoundi ng the nanostructured chemcal into the polymer. 23 22. A
met hod 2ac coflte ngthod aflchiirm 2 Whersinathe nimdstrectiiedrehaheipd id esidctqalr o havd shehfical

selected fromthe group.consistjng. of Tg, T, nodu] us, creep, set,
o oAl T BPRETR Wot STtCLr ot e ROBier SR LGSy By 8 selected
met hod r@fiorcb@h&pdlymeher ei n the nanostructured chemcal is selected to
have chem cal properties conpatible with a selected region of the

pol ynmer, and_ thereby reinforces a selected region of the polyner.

24. " Thé*met K88 IB?th%f/ af wlaim Lpfurther comprying itheg Stem o f hlessling the) aangptggptured
the napRShitlGHW £PaBNRNM: GRleritt.th @ particulate material. 25. The

met hod of claim 24, wherein the particulate material is selected from

the group consisting of nmetals, mnerals, silicatious powders, and
car bon25.  The method of claim 24, wherein the particulate material is selected from the group

consisting of metals, minerals, silicatious powders, and carbon.



