FLUOROPOLYMER EMULSIONS FIELD OF INVENTION This invention relates to a composition
comprising a fluorinated 5copolymer emulsion containing non-fluorinated patrticles useful for imparting
oil repelle 9 AW/ vatar repellency to textiles, the copolymer derived fro '&ﬁ%@i‘?ﬁ@ﬁm%f monomers
comprising fluorinated acrylates, alkyl (meth)acrylates and/or water solvatable monomers, and
polymerizable nanoparticles. 10BACKGROUND OF THE INVENTION Various compositions are
known to be useful as treating agents to provide surface effects to substrates. Surface effects include
repellency to moisture, soil, and $tAUEROP Ah¥MEREMULBICNES particularly useful for fibrous
substrates such as fibers, fabrics, textiles, carpets, paper, 15leather, and other such substrates. Many
such treating agents are fluorinated polytaé&is OFcOpGAEION  Fluorinated polymer compositions
having utility as fibrous substrate treating agents generally contain pendant perfluoroalkyl groups
which are generally Bktsdheariipnadtalie < tmaccimpasdigys corpolisingiadiblergratgss 20not containing
fluorine. The Iti | -general izedwi omers, which confer
additionaglr fav%SrELQW??p?e%ﬂé%% Rﬁ%iﬁmﬁéﬁﬁ%@e@a fgegdt} r%%%?oﬁrlrfém&rg may be incorporated
to impart impiovedtto st inkeignsesraviig aagelianayniaventismdeceenalygiedient may impart
some potentiglly. i ' ilnﬁglql' j '?ﬂ&%r I %}9% %H’ﬁﬂ?% ic.combination is
directed to thg i%#e? lﬁew%%. . é’Baﬁzjnt App#@%rc%ﬂd 005/ (l)ﬁ g dls;[: oses orfl;lgpsgsitions for
treating textil@dkidrimaiigeeytatsaiagdoepeienscbrarinenmansmgrsesit component, a stain release
component,rgg}g QQS t Vﬁép 39&%g1_mercially available fluorinated polymers are employed as the
repellent component an t?le par |gles are inorganic oxides or basic metal salts. The fluorinated
polymers and particles are separately added to a sol

and partile, which is applied to2¥é&ipsttedvg bl

dictates that it be used at 5lower levels in treating substrates to_provide surface effects. However,
Various compositions are known to be useful as treating agents to

ution, and thus represent a mixture of the polymer

A% D dydahse of the fluorinated polymer

provide surface effects to substrates. Surface effects include repellency to
moisture, soil, and stains, and other effects, which are particularly useful
for fibrous substrates such as fibers, fabrics, textiles, carpets, paper,

15 leather, and cther such substrates. Many such trealing agents are
fluorinated polymers or copolymers.

Fluorinated polymer compositions having utility as fibrous substrate
treating agents generally contain pendant perfluoroalkyl groups which are
generally attached by various connecting groups to polymerizable groups

20  not containing fluorine. The resulting monomer is then generally
copolymerized with other monomers, which confer additional favorable
properties o the substrates. Various specialized monomers may be
incorporated to impart improved cross-linking, latex stability and
substantively. Since each ingredient may impart some potentially

25  undesirable properties in addition to its desirable ones, the specific
combination is directec to the desired use.

U.S. Patent Application 2005/0095833 discloses compositions for
treating textiles formed by combining a repellent component, a stain resist
component, a stain release component, and particles. Various

30 commercially available fluorinated polymers are employed as the repellent
component and the particles are inorganic oxides or basic metal salts.



reducing the level of fluorine by using polymers containing shorter chained perfluoroalkyl groups of six
carbons ogggsa’mgﬁgbgen commercially successful. Thus there is a negg-{arsamRpASHIPNS for
treating substrates which impart surface effects including water repellency, oil repellency, soil
10resistance, soil release, stain resistance and stain release, and other effects, which maintain levels

of performancEheviilennaieresdyonens anp SasHdaR orm arrpcaiahoIR RS SRk Ninvention

provides such,a ¢amaqeifipn. SUMMARY:IHR-eNeARREE e i8R0 itshadlHpremelymer

composition comprising monomers copolymerized in"the following percentages by weight: (a) from
about 20 A totabatb st afcalti sy d=R{B@onomer, or mixture of monomers, of formula (I) 20Rfl

LXCOCR=CH2 QL ae R he mepnaebagiialies il lhainsiedsdaoar or branched,

alkyl radical having from about 2 to about 100 carbon dtoms; optionally interrupted by 1 to about 50
oxygen afomspwheteirethénrige bicatimiraiadmp e/ i genfacsnes &t |d42WEaNBUt 2:1 and no

oxygen atoms e, honded 1a,erch ARRRA 43 AdR0d8 AR BIARCheR AbsRBKIg group

having 1 to about oms, said ng group optionally interrupted by 1 to about 4
hetero-radicalsardlectedl fidmrovp g ol conssisysfless R Dot eengommgRialiind -N(R1)C(0)-

INRL or -5 R Py 1 20 oo ) St O Aot B 5 f o ISt one of () an
alkyl (meth)acwiate mareohserrtragefiadindat]siagcmedesrepdieaiy @ 6apabemsih 8Bbut 6 to about
18 Carbolr(])S; Orresistancé, soll release, stain resistance and stain release, and other
effects, which maintain levels of performance, while usin'g iess of the
expensive fluorinated component. The present invention provides such a
composition. '
SUMMARY

15 In one aspect, there is provided a fluoropoiymer composition comprising

monomers copolymerized in the following percentages by weight:

(a) from about 20 % to about 85 % of a fluorcalkyl monomer, or

mixture of monomers, of formula (1)
20 Re1-L-X-C{0)-C(R)=CH>5 (I)
wharein

Rf‘i is a monovalent, partially or fully fluorinated, linear or branched,
alky! radical having from about 2 to about 100 carbon atoms; optionally
interrupted by 1 to about 50 oxygen aioms; wherein the ratio of carbon

25  atoms to oxygen atoms is at Ieast.about 2:1 and no oxygen atoms are
bonded to each other;

L is a bond or a linear or branched divalent linking group having
to about 20 carbon atoms, said linking group optionally interrupted by 1 to

about 4 hetero-radicals selected from the group consisting of -O-, -NR1.,



(i) one or more ionizable water solyatable monomers; and (c) from about 0.05 % to about 2 %
non-fluorinated polym erizable nanop articles,said nanoparticl esincorporatedduring polymerization
into a chemigal giryctugeet the duiiepolgnasy. Wherdisciridd EomDsitoCgraiddesrad repellency and
water repellency to substrates contacted therewith.  In another aspect, there is provided a method of
treating a fim@liBreubstgate: todpijsanebyl sepshituieg avithwalteEépellency comprising applying to the
surface of the substrate a fluoropolymer composition as described above. The present disclosure
further comprises a fibro%igq@at’rq@hayg}g_@qplied to its surface an emulsion polymer as disclosed
above. In still another aspect, there is provided a fibrous substrate treated according to the method
as defined above which iﬁvi\éo?.g?@r@@g(ﬂqﬂ\!vpv&r@}q Fs, yarns, fabrics, fabric blends, textiles,
nonwovens, paper, leather, rugs and carpets. DETAILED DESCRIPTION OF INVENTION Herein
al rademarks are desjonatcd wilh camitalleters. s o8 tBIB{Mstblgerylate” encompasses esters

of methacrylic acid acrylic’acid unless specitically stated otherwise. For instance, hexyl

(meth)acrylate encompasse@botlép%ﬁy&'{a(%m&éégﬁgwdnsm@pwﬁﬁg@;p@ggﬂts cited herein are

hereby incorporated by referénce. erein t ms "fluorinated acryiate(s)" "fluorinated
thioacrylate(s)"and "fluorinatedrasrgtanmide aet gredmpblings B0t ire0ap ([, (I0), (1d), and
(le) as described below, wh%g}a’ I§Sisosrelected from the group consisting of H, Cl, F, and CH3, unless
specifically defined otherwise. The present invention provides compositions for imparting surface

Seffects to substrates in whigf) flugripaed BAly et Ay G BRI ABR IEBIDARIAS NG the

polymerization reaction used to form the polymers. Thus the particles are part of the polymer chemical
structure. The particles haveaneactive functionalities on their surfaces, are not fluorinated, and are
reacted during polymerization in the synthesis of either solution 10based or emulsion based fluorinated

polymers. The resultiay chaipaeiosh povideatic JpBROMWHEE Y durability of surface effects
to treated substrates com %zr%%};[ et.ragg}lqﬁﬁ[.{qaggnerggw amﬂg@@gg&gtmqag@@@m&aot chfitgining

particles, or compareH to compositions wherein treatment a%ents are physically mixed with particles in

a treatment bath polymerization into a chemical structure o the fluoropolymer.

The disclosed composition provides oil repellency and water repellency to
substrates contacted therewith.

In another aspect, there is provided a method of treating a fibrous substrate fo
impart oil repellency and water repellency comprising applying to the surface of the

substrate a fluoropolymer composition as described above.

The present disclosure further comprises a fibrous substrate having applied to its

surface an emulsion polymer as disclosed above.

In still another aspect, there is provided a fibrous substrate treated according to
the method as defined above which is woven and nonwoven fibers, yarns, fabrics, fabric

blends, teﬁﬁles, nonwovens, paper, leather, rugs and carpets.

DETAILED DESCRIPTION OF INVENTION

Herein all frademarks are designated with capital letiers.

The term “{meth)acrylate” encompasses esters of methacrylic acid
and acrylic acid uhiess specifically stated otherwise. For instance, hexyl

{(meth)acrylate encompasses both hexyl acrylate and hexyl methacrylate.
All patents cited herein are hereby incorporated by reference.
Herein the terms “fluorinated acrylate(s)” “fluorinated

thicacrylate(s)'and “fuorinated acrylamide(s)” refer to compounds of

"
2



15prior to application. It has been found that incorporation of small amounts as low as 0.1% by weight
of a particle into the polymer structure is effective to enhance performance. Preferably from about
0.1% to al¥bOtBeYHY Weight, more preferably from about 0.1% to about 355 P HEIEHEHA# more
preferably from about 0.1% to about 1% by weight, of the 20particle component is incorporated into

the polymer. Tdvisiin=grdiQnIpRuis dse, eirlawe) amaustsibbtadiinnahtreasineRtigagents, or use of
agents containi hort perfluoroalkyl chains,of less than 8 car toms (and thus containing less
fluorine) With&#%??ﬁ%éé)@a 3 iﬂ"’Baﬁ&ﬁﬁ‘&f?zE‘.Q ogﬁ#‘% (gjrﬂBé)s%ﬂb% %%resent invention
comprises a f%&@g%mg&ﬁ@gmgomprising monomers copolymerized in the following
percentages by weight:” (a) from about 20 % to about 95 % of a fluoroalkyl monomer, or mixture of

monomers, of formute @) RE X GERGHRIT RS DA MdRBiRs R imBdnerpyalessepartially or fully

fluorinated, linear or branched, alkyl radical having from about 2 to about 100 carbon atoms; optionally

interrupted byehfeERy e iRstihglesdn Yo dueiReiedRrsnerd MY vRBrifehe ratio of carbon atoms

to oxygen SatpigsrispRitied bEFhBARNGERAIBA Be0wsHIaRaERIpHers. L isabond
or a linear or branched divalent mkinglégro%ﬁ having 1 to about 20 carbon atoms, said linking group

optionally inteffiipie i parie'ed e PRI S RARNE LRGRIFRORTHR YRS W consisting of -0-,

-NR1-, -S-, -S6ntichathadB de DR GURLtIVMETEH BA 1hék auEAdesCaralkd: angrFaitblinking group
optionally substituted with CH2CI; X is -0-, -NR1-, or -S-; R is hydrogen, Cl, F or CH3; 15(b) from

about 5 % to 80880 9R TP IEEE R PRI IR ItmaYNRES B RilHSARIMIRANg a linear,
brancheghor gyglieisyberaimal fExBrhostfaie o8 rearParsicdulting composition

provides enhanced performance and durabiiity of surface effects to treated
substrates compared to traditional commercially available treatment
agents not containing particles, or compared to compositions wherein
treatment agents are physically mixed with particles in a treatment bath

15 prior to application. It has been found that incorporation of small amounts
as low as 0.1% by weight of a particle into the polymer structure is
effective to enhance performance. Preferably from about 0.1% to about
5% by weight, more preferably from about 0.1% to about 3% by weight,
and more preferably from about 0.1% to about 1% by weight, of the

20  particle component is incorporated into the polymer. This invention
permits use of lower amounts of traditional freatment agents, or use of
agents containing short perfluoroalkyl chains of less than 8 carbon atoms
(and thus containing less fluorine) without any decrease in performance.

The composition of the present invention comprises a fluoropolymer
25  composition comprising monomers copolymerized in the following
percentages by weight:

(a) from about 20 % to about 895 % of a fluoroatkyl monomer, or

mixture of monomers, of formula (1)
Rf1-L-X-C(O}-C(R)=CHo  (I)

30 wherein



(iv)one or more ionizable water solvatable monomers; 20and (c) from about 0.05% to about 2 %
non-fluorinated polymerizable nanoparticles, said composition providing oil repellency and water
repellencyW@%ﬁ%’é?Féfgg contacted therewith. 25The compositions of the 6@3&?%@% are
prepared by copolymerizing (a) a fluoroalkyl monomer, (b) an alkyl (meth)acrylate monomer or an

ionizable water solvatable WQ”%&%QE%PB%(F@P@W% lineaf 3¢ copolymer

compositions require as component (a) a fluoroalkyl monomer’of formula (1) Rf-L-X-C(0)-C(R)=CH2(l)
wherein the various graugselflalkyKraddtR bewiag definetabbidotredert@0 Birgooups include

F(CF2)n, F(CF2)n(CH2CE2)p,.F(CE2)n, (CH2 F2CE2)p(CH2 Im, E(CE2)NO(CF2)n,
F(CFaNOCRHCRS, DL e R s R A B R 1 o about
6; and p, q, and m ais exglyendejoensientipre to thibawt 8. A0f2mferabigrhddadomdor a linking group
-(0O)p-; wherein p is an integer. of 1 10 4, and.l.] is selected from the group,consisting of- (Cf1-120-
wherein tis an integgr{)(grf1 iq oafcg?%#e%?/%uri%éf Q%C P2 XM%%%gtﬁ?Eggdg 6§gﬁﬁ§ﬁé;p§hylene oxide; R5;

and (A)p-R5; whereiaathso#her; divalent alkyl of 1 to 6 carbons, p is as defined above, and R5 is a

15divalent radical selected from the group consisting of -S(CH2)u R2CH2CI R3 -(OCH2CH),-,
L is a bond or a linear or branched divalent linking group

having 1 to about 20 carbon atoms, said linking group optionally
interrupted by 1 to about 4 hetero-radicals selected from the group

10 consisting of -O-, -NR1-, -S-, -80-, -809-, and -N(RT)C(0)-
wherein R1 is H or C1 to Cg alkyl, and said linking group optionally
substituted with CHClI;

X i ~O-, -NR1-, or -8-;
R is hydrogen, Cl, F or CHaj;

15 {b) from about 5 % to about 80 % of at least one of:

(i)  an alkyl (meth)acrylate monomer having a linear,
branched or cyclic alkyl group of from about 6 to about 18

carbons; or

{iv) one or more ionizable water solvatable monomers;

20 and

{c) from about 0.05% to about 2 % non-fluorinated polymerizable

nanoparticles,

said composition providing oil repellency and water repeliency to

substrates contacted therewith.

25 The compositions of the present invention are prepared by
copolymerizing (a) a fluoroalkyl monomer, (b) an alkyl (meth)acrylate
monomer or an ionhizable water solvatable monomer, and (¢) a

polymerizable nanoparticle.



-(OCH2CH),-and -C-(OCH2CF)8-; R4 CH2CI uis an integer of from about 2 to about 4; s is an
integer of 1 to about 50; and 20R2, R3, and R4 are each independently hydrogen or an alkyl group
containing“iotaog%?ﬁigs‘carbon atoms. More preferably L is a bond; -;(CtEéf L %ﬁgﬂs\’ﬁﬁ%’?g’m tis an
integer of 1 to 10 and ris 0 or 1; wherein r is 1; or (OCH2CH2)v wherein v is 2 to 4. Preferably the
monomers (1) are selé@amdfrogmibe gymgosiitsistiegaf éoamutasgia) e(ib)alle) filddjpalkyi(le): (1a)
F(CF2)n(CH%§R%X-C(§iE§%R =CH2 5(Ib) F(CF2)n (CH2CF2)p(CH2CH2)q(R5)rX-C(0)-C(R)=CH2
(Ic) F(CF2)n(ERRBESLFETB H2)gh(R5)TX-C(0)-C(R)=CH2 (Id)

F(CF2)nO(CF2)nCH2(CtF12t)(R5)rX-CG(Q)- )E_ =CF12
F(CF2)n-OCFHCF2(OCH2CH2)vX-ng%-%é(§ @?f@hgg)i% 1OQ)is -0-, -NR1-; or -S-;
wherein the various groups R¢', L, X and R are as defined above.
5 Preferred R;' groups include
F(CF2)n. FICF2)n(CH2CF2)p, F(CF2)n (CH,) (CF2CF2)p(CH2CH2)glm,
F(CF2)nO(CF2)n, F(CF2)ZOCFHCF2, or
F(CF2)n[OCF2CF(CF3)lp[OCF2CF2]q, wherein nis 1 to about 6; x is 1 to
about 6; and p, g, and m are each independently 1 to about 3.
10 Preferably L is a bond or a linking group ~(L.1 Jp-; wherein p is an

integer of 1 to 4, and L1 is selected from the group consisting of -
(CtHat)- wherein tis an integer of 1 to 10; phenylene; C4 — C4 alkyl

substituted phenylene; ethylene oxide; R®; and (A)D—R5; wherein A is a

divalent alkyl of 1 to 6 carbons, p is as defined above, and RS is a
15  divalent radical selecied from the group consisting of —S(CHz)y, -,

R2 CH,CI R3
‘(OCHQCH)b"a --(OCHZCH)&' and "C"’(OCHZCH)S';
R4 CHCI

u is an integer of from about 2 to about 4;
s is an integer of 1 to about 50; and

20 RZ2, R3, and R4 are each independently hydrogen or an alkyl
group containing 1 to about 6 carbon atoms. More preferably L is a bond;

~(CtHat)- (RS)- wherein t is an integer of 1 to 10 and ris 0 or 1; (R~
wherein r is 1; or (OCH2CHs)y wherein v is 2 to 4.



n is an integer of 1 to about 6; t is an integer of 1 to about 10; x is an integer of 1 to about 6; p, q, and

m are each inde@endently an integer of 1 to about 3; 15risOor1; v is an integgr of 1 to about 4; R5
is a divaleM T£E4¢dcted from the group consisting of - S(CH2)u 3 anoP_ -%2@]%&26%-; 4
20CH2CI u is an integer of from about 2 to about 4; s is an integer of 1 to about 50; and R2, R3,

and R4 are each independently hydrogen or an alkyl group containing 1 to about 6 carbon atoms.
The fluorinated acrylates and fluorinated thioacrylates of formula (la), (Ib), (Ic), (Id), and (le) useful in
forming the composititvatedd thetbevemiomeans (b eparse daiad thierodiregponding fluorinated alcohols

and fluorinated thi ification with,acryli id, methacrylic acid, 2- chloroacrylic acid or
2-f|uoroacrylicggﬁgé(?.éwﬁ/tﬁﬁ%ﬁg%gaegydgs rig@g Kﬁﬂéﬂﬁé&%ﬁi'&%z,g% and European Patent
Application 1632542 Al, Alternativel rylate and methacrylate esters of formula (la), (Ib), (Ic), 10(Id),
and (le) can be @dﬁ%ﬁilﬁ@&?&&%ﬁ%@%ﬁf&gbéagg according to the procedures disclosed in
U.S. Patent 3,890,376. The fluorinated acrylamides of formula (la), (Ib), (Ic), (Id), and (le), wherein
X = -N(R} usef(ilip fB(mﬁIgﬁHQtlzﬁﬁgégl@ﬂzﬁH@@R@ﬁpk@(@%@(@a@djrom the corresponding

fluorinated ar_nines_: by condensation with 15qcryli_c acid c_:hlo_ride, methacrylic acid chloride_,
ricthylamine (TEA). TOR AT & ARSI ych ar DDl SAch e oo B xylenes or &
halo_carbon such as dichloromethane is used in the gond(_-:-nsati_on. 20Fluorinated alcohols useful in
forming the fluoHAAtEEHcRYniss b2InCH2(CtH2E)(R))X-C(O)-C(R)=CHp
(le) F(CF2)n-OCFHCF2(OCH2CH2)yX-C(O)-C(R)=CH>
wherein
10 X is =O-, -NR'-; or -S-;

nis an integer of 1 to about 6;

tis an integer of 1 to about 10;

X is an integer of 1 to about &;

P, g, and m are each independently an integer of 1 to about 3;

15 risQor1;

v is an integer of 1 to about 4;

RS is a divalent radical selected from the group consisting of —

S(CHo)y -,
R? CH,C R®
(OCH,CH)-,  (OCH,CH),- and  -C-(OCH,CH);
- R4 CH»CI

U is an integer of from about 2 to about 4;

s is an integer of 1 to about 50; and



formula (1) suitable for use in the present invention include those of formulas (111a), (11lb), (111c),

and (111d): (111a)F(CF2)n(CH2)tOH (111b)F(CF2)n(CH2CF2)p(CH2CH2)q0H
25(111c)|=§‘& €é1£§CF2)p(CH2CH2)qOH (111d)F(CF2)nO(CF2)nCH (%E%WSS”S

(111e)F(CF2)n-OCFHCF2(OCH2CH2)vOH wherein n, p, q, t, and v are as disclosed above. In
formula (111a) the perBurGalky g@g&@g@{%@ﬁm{mfﬁwp@{bﬁwmgiggp containing
e

branched-chain perfluoroalkyl groups are suitable. Fluorinated alcohols of formula (111a) useful in the
invention are SRRHRSIRINE. 1. igaPeHt BENERDAEERd Company, Wilmington, 5DE 19898 USA. A

mixture of fluorinated_alcohols can be used in the formation of acrylates of formula (la). For instance, a

perfluoroalkylethyl altBBdMRiARGLARY M ARAH e NREH HPAOIP R SR M hges from 6 to 14,
and is pfedo”%i@%ﬁ&f)?(l@)ﬁ{m,%@'(I@%Eiﬁﬁi ifaerenepmbessedstitmperiiperoalkylethanols of
a

formula (111a), wherein tis 2, and n 10is 4 or 6, are available by fractional distjllation of the

commerdally BY&MOR MfoRIEPABAFO B hEf5IehIE NG IHISBREdRIGRIAIRARY alcohols of
formula (111a) {hahatecoianaigialyerviaiuele inehgerlid bo@ Hithaeiuweid-exanol , 1H,

[Hrperfluoro-1-hexanol, and /Hy /H,2H,2H-perfluoro-1-octanol. 15F|uorinated telomer alcohols of
I

formula (11165NRMAETHIR RO e HPIERRAICESS 1 [SBaRS FgHBLD HEARS T 13EE FArbon atoms, are
available by sygirsisR@oeinepb Hrhemede P aldAr AbgRIFbDIGE2M54 VA 1,

Alternatively, acrylate and methacrylate esters of formuia (ia), (ib), (lc),
10 (id), and (le) can be made from the corresponding nitrate esters according
to the procedures disclosed in U.S. Patent 3,890,376.

The fluorinated acrylamides of formula (la), (Ib), (I¢}), {Id), and (le),
wherein X = -N(R)- useful in forming the compositions of the invention, are
prepared from the corresponding fluorinated amines by condensation with

15 acrylic acid chloride, methacrylic acid chloride, 2-chloroacrylic acid
chloride or 2-fluoroacrylic acid chloride in the presence of a base, for
instance, triethylamine (TEA). Typically a nonhydroxylic hydrocarbon
solvent such as toluene or xylenes or a halocarbon such as
dichloromethane is used in the condensation.

20 Fluorinated aicohols useful in forming the fluorinated acrylates of
formula (1) suitabie for use in the present invention include those of
formulas (Hia), (Ilib), (liic), and (lild):

(llia) F(CF2)n(CH2)OH
(Hib) F(CF2)n(CH2CF2)p(CHaCHo)qOH
25 (Hic) F(CF2)nO(CF2CF2)n(CHoCHz)qOH
(HNd) F(CF2)nO(CF2)nCH2(CtH21)OH
(llle) F(CF2)n-OCFHCF2(OCH2CH2),OH
wherein

np,q,t and v are as disciosed above.



Scheme 1 20The telomerization of vinyl idene fluoride (VDF) with linear or branched perfluoroalkyl
iodides is well known, and produces compounds of the structure Rf3(CH2CF2£J [, wherein pis 1 or
more and B3 1293'€F{8%Ce, and preferably a C4 to C6, perfluoroalkyl grmﬁf?‘ %%&?349?3%‘{85%
Balague, et al, "Synthesis of fluorinated telomers, Part 1, Telomerization of 25vinylidene fluoride with

perfluoroalkyl iodidedt fbrivlolr @ e rthg X29B)or Ry 215:23pEferapcificitelamer iodides are isolated
by fractional di%illati%n. The tel.gmer iodides. can be tre&g&gd with ethylene rocedures described in
|

U.S. Patent 3,979, 8 ,Ct%r%?g\?f QRS érrl%%ﬁgﬁré o‘i’ggisn( Wuﬁé?ginﬁ)%r(iut%s?; or more. The
telomer ethylene Siatlides (Viyadmnabeitedatddiviti fenmaiddhydselys éd tteeproxedédhe corresponding
telomer alcohols (111p) according {o pracedures, disclosed in WO 95/1187,7.. Alternatively, the telomer
etyione iodichl® Q17 CER L0 BBarod R oD R RNty M S Holiacid hycrolysrs
Specific fuoriDdie8IGMES Alcahuigi(Fé 1)l amdn@iktg i dehueddaorbe Iseeldmérezation of vinylidene
fluoride and ethylene, and useful in forming flugrinated acrylates useful.in the inventign include those
listed in Tableg%%#ﬁj@ %%%@ré{?ﬁﬁﬁrﬁg]%n@aEG %,’r}g\%?r%ed taoF?ﬁr:[If & ligf 1o é%%(ﬂfic alcohols, in
Tables |IA andzldyremehnixithe exdneplesthdecti{ TEfR OHipBatiai) waneatkylhgrengsainless specifically
indicated otherwise. 15Table 1A CompoundStructure AIC4F9CH2CH20H, A2C4F9(CH2CH2)20H,

A3C6F1 3CHFemRNA, Yo ANe d:pReqminaiely) bof, AnstbRienoiss) ggtion can
A6CAFICH2GJ2(ddd CHRBOBerfiuoroalkylethanols of formula (llla), wherein tis 2, and n

10 is 4 or 6, are available by fractional distillation of the commercially
available telomer mixture of perfluoroalkylethanols. Specific fluorinated
alcohois of formula (llla) that are commercially available include
1H, 1H, 2H, 2H-perflucro-1-hexanol, 1H, 1H,-perfluoro-1-hexanol, and
1H, 1H,2H, 2H-perfluoro-1-octanol.

15 Fluorinated telomer alcohois of formula (lib), wherein Rf3 is a

linear or branched perfluoroalkyl group having 1 to 6 carbon atoms, are
available by synthesis according o Scheme 1.

CH,=CF
RAT —— R{ (CHCFa)yl

V)

¢ CHZECHZ
oleum
RfS (CHQCFg)p(CHQCH2)qOH - RfS(CH20F2)p(CHZCH2)qI

(ITIb) H0 -
Scheme 1
20 The telomerization of vinylidene fiuoride (VDF) with linear or
branched perfiuoroalkyl iodides is well known, and produces compounds
of the structure Rf3(CH2CF2)ql, wherein p is 1 or more and Rg3 is a Cq to
Cg. and preferably a Cyq to Cg, perfluoroalky! group. For example, see

Balague, et al, “Synthesis of fluorinated telomers, Part 1, Telomerization of

25  vinylidene fluoride with perfiuoroalky! iodides”, J. Flour Chem. (1995),



A7CA4F9(CH2CF2)2CH2CH20H, ASC4F9(CH2CF2)3CH2CH20H,
25A9C4F9CH2CF2é§CH2CH2)201-1, Al 0C4F9(CH2CF2)2(CH2CH2)20H, AlICEFI1
3CH2CF 2P 2B AI2CEF13(CH2CF2)2CH2CH20H, A13CF13(CHIEFAISEMAEISHH,
30A14C6F1 3CH2CF2(CH2CH2)20H, A15C6F13(CH2CF2)2(CH2CH2)20H. Fluorinated alcohols of
formula (111c0¢emin-pIs ThadRiSflis selvmear ardiceschedipeidiedrbglkdayxng having 1 to 6

e LR L
5(iiic)1190(X Wygmedusehemsctbed in U.S. Patent 3,979,469, to provide the telomer
ethylene iodides (VI) wherein q is 1 to 3 or more. The telomer ethyiene
5 iodides (VI) can be treated with oleum and hydrolyzed to provide the
corresponding telomer alcohols (Illb) according to procedures disclosed in
WO 95/11877. Alternatively, the telomer ethylene iodides (V1) can be
freated with N-methyl formamide foliowed by ethyl alcohol/acid hydrolysis.
Specific fluorinated telomer alcohols (llla), and (liib) derived from
10 telomerization of vinylidene fiuoride and ethylene, and usefu! in forming
fluorinated acrylates useful in the invention include those listed in Table

1A. The groups CaF7, C4Fg, and CgF13, referred to in the list of specific

alcohols, in Tables 1A and 1B, and in the examples herein, refer to linear

perfluoroalkyl groups unless specifically indicated otherwise.

15 Table 1A
Compound Structure
A1 C4FgCHoCH20H,
A2 C4Fg(CHoCH2)20H,
A3 CgF13CH2CH20H,
20 Ad CgF13(CH2CH2)0H,
Ab CgF13(CH2CH2)30H,
AB CqFgCH2CF2CHCHoOH,
AT Cy4Fg(CH2CF2)2CH2CH20H,
A8 C4Fg(CHoCF2)3CHoCHoOH,
25 A9 C4FgCH2CF2(CH2CH2)o0OH,
A10 C4Fg(CHoCF2)2(CHoCH2)20H,
A1 CgF13CH2CF2CH2CH0H,
A12 CgF13(CHCF2)2CH2CHoOH,
A13 CgF13(CHoCF2)3CH2CHOH,
30 Al14 CgF13CH2CFo(CHoCH2)20OH,
A15 CeF13(CH2CF2)2(CHoCH2)20H.

10



The perfluoroalkyl ether iodides (XI) are made by the procedure described in Example 8 of US Patent
5,481,028 using perfluoroalkyl vinyl 10ethers as a starting point. In the second reaction in Scheme 2,

the perflué?@amy? &P iodide (XI) is reacted with an excess of ethylene a?g?}"é%%%@ﬁs@ﬁmerature

and pressure to provide telomer ethyl iodide (XII). While the addition of ethylene can be carried out

thermally, the use of agigrhie-easassids retemade R rallk br crialysidia Riyide catalyst

15such as benzoyl peroxide, isobutyroyl peroxide, propionyl peroxide, or acetyl peroxide. More
preferably theipeaoxidéreateiest sebiuamaipergride Taengniper&toasdnraionwscton is not limited, but

a temperatur%%ﬁlﬁ%%asg%%%vté%%% §?§§%%r%fgﬁ%e;§e reaction time may vary with the catalyst

and reaction con ours to be adequate. The product can be
purified by any means that separates unreacted starting material from the final product, but distillation
is preferred. Satisfactory yields up to 80% of theory have been obtained using about 2.7 mols of
ethylene per mole of perfluoalkyl ether iodide, a temperature of 110 C and autogenous pressure, a
reaction time of 24 h, 25and purifying the pté#tict by distillation. The perfluoroalkylether ethyl iodides
(XII) can be treated with @lgum an@ hydroly#ed to provig@gl_%[_-cengsponding alcohols (111c)

2

according to procedures diM [ 7. Alternatiyely, the perfluoroalkylether ethyl iodides
can be treated with N-methyl formamide followed by ethyl aldBHol/acid hydrolysis. The higher
homologs of (111c) wherein p is 2 or 3 are available by 5telome iz&,—ﬁig&gf tetrafluoroethylene with the
perfluoroalkyl ether iodides (XI) wherein p is 1, followed by isol&fion of specific telomers by distillation,
and then telomerization wjth ethylene. The higher kétiologs (q is 2 or 3) of telomer ethylene iodides

are available with exced¥ @yfeRBA4tTiGHetsurEToSp&iRCRderHiatEd ibohols (111c) useful in

forming fluorinated acrylates usefutikjthe inventionia€lude those listggd in Table 1B Table 1B
CompouﬁdStructure 15B1C2F50CF2CF2CH2CH20H, BZCZFSO(d F2)2CH2CH20H,

D=1
Scheme 2
The perfluoroalkyl ether iodides {XI) are made by the procedure
described in Example 8 of US Patent 5,481,028, using perfluoroalkyi vinyl
10 ethers as a starting point. in the second reaction in Scheme 2, the
perfluoroalkyl ether iodide (X1} is reacted with an excess of ethylene at an
elevated temperature and pressure {0 provide telomer ethyl iodide (XIi).
While the addition of ethylene can be carried out thermally, the use of a
suitable catalyst is preferred. Preferably the catalyst is a peroxide catalyst
15 such as benzoyl peroxide, isobutyroyl peroxide, propionyl peroxide, or
acetyl peroxide. More preferably the peroxide catalyst is benzoyl
peroxide. The temperature of the reaction is not limited, but a temperature
in the range of 110°C to 130°C is preferred. The reaction time may vary
with the catalyst and reaction conditions, but we have found 24 hours (h}
20 to be adeqguate. The product can be purified by any means that separates
unreacted starting material from the finai product, but distillation is
preferred. Satisfactory yields up to 80% of theory have been obtained
using about 2.7 mols of ethyiene per mole of perfluoalkyl ether iodide, a
temperature of 110 °C and autogenous pressure, a reaction time of 24 h,
25  and purifying the product by distillation. The perfluoroalkylether ethyl
iodides (XII) can be treated with oleum and hydrolyzed to provide the

11



B3C3F70CF2CF2CH2CH20H, B4C3F70(CF2CF2)2CH2CH20H, B5C4F90CF2CF2CH2CH20H,
20B6C4F90(CF2CF2)2CH2CH20H, B7C6F130CF2CF2CH2CH20H,

BSC6F13BY ﬁ%fﬁ% H2CH2O0H, The corresponding thiols of alcohols ﬁ(ﬂ/g)g%ﬂﬁfb AR (111c) are
available from the telomer ethylene iodides by treatment with a variety of 25reagents according to
procedures desarisedrin iﬂgmmhtﬁﬂlﬂmmh@orﬁmﬂg BIBdR8.:(2800 cDreckitaliide is the reaction of

the telomer e dides wit cetat hown in the following
scheme: W%ﬁ%?G%# Ué) %0 /(5) oA %ky?é%\g?%t% qxg\lggiéaﬁ%g 2. NaOH
Rf3 (CH2CF2)péiaP@H2N{REE{ @ HRCH2)IIE HACWEYN S Hthy! Bidhimidatidyidrofiesmula (111d) the
perfluoroalkyl group is a perfluoroalkylether. Preferred perfluoroalkyl ether alcohols are selected from

the group consistingTofe ﬁEW@)@I@Q@QM@MMW@&EBZGH&M@@H by

N L A N SR T e S
(CF2)nCFO(ccxsammF(:osa)ﬁmezxcwmﬂmn mbs;(@g%tﬁwwmwgtsﬁmm(cmzom ;
B Y T e e M e GRS A T S

w, wl, w2, waivelparat athdanedotitaiepenhdealiytie witbgerdess siylabe @t 2B9and 03F60 is linear

or branched. pressure.

10 Specific fluorinated alcohols (lllc) useful in forming fluorinated
acrylates useful in the invention include those listed in Table 1B

Table 1B
Compound Structure

15 B1 CoF50CF2CF2CHoCHHOH,
B2 CoF50(CF3CF2)pCH2CH20H,
B3 C3F70CF9CF2CHoCH20H,
B4 C3F70(CF2CF2)2CHoCHoOH,
B5 C4FgOCF9CF2CHaCH20H,

20 B6 C4FgO(CF2CF2)2CH2CH20H,
B7 CgF130CF2CF2CHoCH2OH,
B8 CgF130(CF2CF2)2CHoCH2OH,

The corresponding thiols of alcohols (Ilta) (1ilb) and (llic) are
available from the telomer ethylene iodides by treatment with a variety of
25  reagents according to procedures described in J. Fluorine Chemistry, 104,
2 173-183 (2000). One example is the reaction of the telomer ethylene
iodides with sodium thioacetate, followed by hydrolysis, as shown in the

following scheme:

12



The perfluoropolyether alkyl alcohols of formula (111d), useful in the 20invention, have an average
molecular weight of about 350 to about 5000, preferably about 1000 to about 2000; and more
preferably\gg YaB3% about 2000. US Patent 6,653,511, incorporated HEFéH%WQFéF&%ce; and US
200610287559 disclose synthetic methods useful in preparing the alcohols of formula (111d). Other
lower molecular weight perfluoroalkylether alcohols for preparing acnilates useful in compositions of
the invention are B9 to B14: BOCF300F(CF3)CF20CE#E2CH2CH20H,
810CF30CF(CF3)CF20(CF2CF2)2CH2CH20H, 5 8MNLF50CF(CF3)CF20CF2CF2CH2CH20H,

BlZCZFSOCF(CF3)CF3Q§¢EB§IE}23)%@H%CH;QH,W(CF&}@@@;@E@%@%E@-@@H,
814C3F70CF(CF3)CF20(CF2CF2)2CHCH2CH20H, The fluoroalcohols of formula gllle), used

to make composition of 10the present invention are available from the following reaction:
F(CF2)n-O-CF=CF2 + H(OCH2CH2)vOH F(CF2)n -OCF HCF2(OCH2CH2)vOH wherein
F(CF2)n is a C1 to d8 flHeeraledhalfchbipemaia teldilbio rTudg@iiy: aiyn i @ to about 4,

preferably fromels{upodllgieEriemdifred pEHRIHAMGPEIRBHBRDAROMRLLR Hhdg) are those

whereincis 3 or4,gis2;andvis 1 or 2. ompounds of formula (11le) are prepared by the
reaction of a from the group consisting of:

5  F(CF2)nO(CF(CF3)CF20)CF(CF3)CFoCH2(CHot)OH ;
F(CF2)nO(CF(CF3)CF20)WCF(CF3)CH2(CtH2tOH |
F{CF2InOCF[CF20(C3FgOw1 CF2CR3ICH2(CHRpOH
F(CF2)nO(CF(CF3)CF0)CFoCFoCF2CHo(CiHot)OH;
F(CF2)n (CF2)nCFO(C3F0W2CF(CF3)CFaCH(CtHat)OH ;

10 F(C3F60)w1CF(CF3)CFoCH2(CiH2)OH ;
F(C3Fe0)w1CF(CF3)CH2CH(CtHotOH;
F(C3F60)y(CF20)mCF2CH(CtH()OH;
F(C3F0)w3(C2F40)ws(CF20Wwa CRaCH2(CH1OH;
wherein

15 tis an integer of 1 to about 10;

w, wi, w2, w3, wd, and wb are each independently an integer from
2 to about 25; and

CaFp0 is linear or branched.

The perfluoropolyether alkyl alcohols of formula (lild), usefu! in the
20 invention, have an average molecular weight of about 350 to about 5000,
preferably about 1000 to about 2000; and more preferably about 1500 to
about 20600. US Patent 6,653,511, incorporated herein by reference; and
WS 2006/0287559 disclose synthetic methods useful in preparing the
alcohols of formula (llld). Other lower molecular weight perflucroalkylether
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20perfluoroalkyl vinyl ether with a diol in the presence of an alkali metal compound. Preferred ethers
include those of formula F(CF2)n-O-CF=CF2 wherein n is one to six carbons. Preferred diols include

diethylene%%%?”f‘ﬁégaiol is used at about 1 to about 15 mols per mol of %ﬁ?épsﬁ?%%'?gﬁ?f? from about

1 to about 5 mols per mol of ether. Suitable alkali metal 25compounds include an alkali metal, alkali
earth metal, alksdhoysifoxiplepalkaly Byryides ouaafal alcamEpsiRreteofdt amaktbmeals such as Na,
K or Cs or allﬁg [{I%?JL es such as NaH or KH. The reaction is conducted at a temperature of from
about ambient temperature to about 120 C, preferably from about 40 C to about 120 C. The reaction

can be condugted in an opti h t itri One preferred embodiment is a
composition o@?he inventiot(r;f,]inzi)i:(5 ggfzggtéjg Ea%g\;&eg%r\ﬁﬁezogﬁ ?ott%m%%}zl) is formula (Ia); further wherein
F(CF2)n is 04 to C6 perfluoroal roup, r rei =,-0- Another preferred
embodiment i@ﬁocompositié%a@ae}g @%ﬁﬂ@é&aﬁ?@a%%ﬁ%@rem formula (1) is formula (Ib);
preferably wherein F(CF2)n is C4 to CGlPerﬂuoroaIkyI roup; more preferably wherein p and q 10are 1;
and more pre%?&bly wherefr2k 599E(C 3&@5@1@%@ bl iﬁ%&qgﬁbnt is a composition of the

invention, as disclosed above, wherein formula (1) is formula (Ic); preferably wherein F(CF2)n is C4 to
C6 perfluoroaid® group; mérghmererbly pikerefa(p bpdiopaps- HAqdaktile preferably wherein X is -0-.
15Another preferred embodiment is a composition of the invention, as disclosed above, wherein
formula (1) is ®tidula (1d); aDgRu@GHF (@Fey ki sQSEHDHP GHYOH) @htl preferably wherein X is -0-.
Another preferred embodiment is a composition of the invention, as disclosed above, wherein formula

(1) is formula gg)s and furtheryFhereiR@FRFA0E S35q1ediuecial@igther group; and preferably
wherein X is -0-. The fluoroalkyl monomer is copolymerized with an alkyl (meth)acrylate monomer

or a water solvatablermoRBIEE GAHBRAERHHANE) TR AR AR ESBRAS BEMSHeLAIKY!

(meth)acrylates wherein said 25alkyl is a linear, cyclic’or branched hydrocarbon having 6 to 18
carbons! GpedifcriifsihErcntion are e res) thedatowssyearti@Nacrylate, lauryl

(meth)acrylate, 2-ethylhexyl (meth)acrylate, tridecyl (meth)acrylate, hexyl (meth)acrylate, cyclohexyl
(meth)acrylate, and e pfef ré@%&ﬁ&ﬁ(@@g@é’évﬁ'dn‘éth)acrylate, 2-ethylhexyl

(meth)acrylate, hexyl 30(meth)acrylate, cyclohexyl (meth)acrylate, lauryl (meth)acrylate, tridecyl
F(CF2)n -OCFHCF2(OCH2CH2 ), OH

wherein
F(CFo)n is a Cq to Cg linear or branched chain perfluoroalikyl
15 group; and
v is 1 io about 4, preferably from 1 to 2, more preferably 2.

Preferred compounds of Formula (ilie) are those whereincis 3 or

4,gis2,andvis 1or2.

Compounds of formula (llie) are prepared by the reaction of a
20  perfluoroalkyl vinyl ether with a diol in the presence of an alkali metal
compound. Preferred ethers include those of formuia F(CF2)n-O-CF=CF»o

wherein n is one 1o six carbons. Preferred diols include diethylene glycol.
The diol is used at about 1 to about 15 mols per mol of ether, preferably
from about 1 to about 5 mols per mol of ether. Suitable alkali metal

25 compounds include an atkali metal, alkali earth metal, alkali hydroxide,
alkaii hydride, or an alkali amide. Preferred are alkali metals such as Na,
K or Cs or alkali hydrides such as NaH or KH. The reaction is conducted

14



(meth)acrylate, or a mixture thereof. Of the foregoing, stearyl acrylate and stearyl methacrylate are

most preferred. Such monomers are commercially available. Componen%:f}%g‘('i %ﬁthe ionizable water

solvatableMbHEHEIE Y%seful in preparing the fluoropolymer composmonsp& Wii6r are 5

ethylenically unsaturated monomers, having an ionizable group such as a carboxylic acid, phosphate,

sulfonate, Su|ﬁnateempmetaf$aiiﬁmmbmmmbmﬁmhwemmtaﬁbdmamwéhondary, and tertiary

amine bases, an tic amine b uch as.p rivative rein_the nitrogen is from
BTEbh T Z{oiohis S SRR e e 9

about 40 % t(? i e%b%/t 'sali tqg“ﬁ%eant & i% nitrogen is protonated alkylated

with a linear ardpraémciaedrabiy loptiandabybvgro pufdr asaihee dremigilehaving 1 to 20 carbon atoms; or
a combination thereof. Preferred ionizable water solvatable monomer(s) of component (b)(ii) are
selected from the gr@neqoesistid) @hfardiciani b toougsidahpiIBMh GDIGRCER)=CH2(11a)

(410)3 RP(OR BB R R0y DS BT L ) EReetBle

20M10S(0)2-EMFG IR s CH 20106 Pt (0EKE(BIeCGH 21Ty E08(@r&inIXCG{RE=CH2(11h) wherein
R is hydrogen, CI, F or CH3; 25R1 is H or C1 to C6 alkyl; M1 is a hydrogen or cation, and

preferred cations are@ai&ﬁibm@l&%@mnbudmwwmmpwsmamblimhmmmnims and
ammonium catjons, such as ammonium, tetrameth mmom and nolammomum ions;
5L11 is a bond'dY ﬁe&E Rl\éehr‘(ﬁ?éed?n}l%rﬂ@ﬂ % ? %8@ grrk%m rg%gYn\g ga%nllnklng group
optionally intef(@Fedl by onetotwperfiuoroalkyl group; more preferably wherein p and g

10 are 1; and more preferably wherein X is -O-.

Another preferred embodiment is a composition of the invention, as
disclosed above, wherein formula (1} is formula (Ic); preferably wherein
F(CF2)n is Cy to Cg perfluoroalkyl group; more preferably wherein p and g

are 1; and more preferably wherein X is -O-.

15 Another preferred embodiment is a composition of the invention, as
disclosed above, wherein formula (1) is formuia {Id); and further wherein

subscript n is 2 1o 6; and preferably wherein X is ~O-.

Another preferred embodiment is a composition of the invention, as
disclosed above, wherein formula (1) is formula (Ie); and further wherein
20 F(CFp)pis C4 to Cg perflucroaikylether group; and preferably wherein

X is =0O-.

The fluoroaikyl monomer is copolymerized with an alkyl

(meth)acrylate monomer or a water solvatable monomer. Gomponent (b)
(i) is herein defined as one or more alkyl (meth)acrylates wherein said

25  alkyl is a linear, cyclic or branched hydrocarbon having 6 to 18 carbons.
Specific monomers useful in component (b) include steary! (meth)acrylate,
lauryl (meth)acrylate, 2-ethylhexyl (meth)acrylate, tridecyl (meth)acrylate,
hexyl (meth)acrylate, cyclohexy!l (meth)acrylate, and others. Preferred
monomers are stearyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, hexyl

30 (meth)acrylate, cyclohexyl (meth)acrylate, lauryl {meth)acrylate, tridecyl
{meth)acrylate, or a mixture thereof. Of the foregoing, stearyl acrylate and

15



hetero-radicals selected from the group consisting of -0-, -NR1-, -S-, -SO, -SO2-, -N(R1)C(0)-, and
-0C(0)- wherein R1 is H or C1 to C6 alkyl, and said linking group optional i with CH2Cl;
10X is -O-,‘Yﬂﬁﬁf’-f’,/%7r6}§?; and k is 1 or 2; and wherein the nitrogen in formg@?%%és% r%zr#about 40%
to 100% salinized. Water solvatable monomers of formula (11a) include acrylic and 15(meth)acrylic
acid and theirsédiealil et saifiatéVate msobigtedfierradn dinels robigsmers @rgb) include
2-(N,N-dimethylamin | acrylate and 3-(N,N,- diimethylamino)propyl acrylate. Water solvatable
monomers of oﬁ% ag"‘)(%pg;q\r’lcg:llpjé(?ggz-methacryloyloxyethyl succinic acid, 2-methacryloyloxyethyl
D oo an Lo ey MG SHORIBRAISAS Coft SRR IRMBRIBFENYBIINSLE S0, N
2-acryloyloxypropyl hexahydropht ?(’: acid. Water solvatable monomers of formula (11d) include 2-
methacryloylosyereyéeoglthadkshamgme Lconepinsdionylokiedpyeatrn@iésphate. Water solvatable

monomers of i ida-2- | [foni I 2:sulfoethyl acrylate,
o JbsuitbproS ML Jrea SEHBME havE e e e Py
4-methacrylasdoberiicaciGufoniphale. wuierasvatsiineionomets! sefbiirneafl endnclude

a-vinylbenzeng sulionic Acld and,sdiim 33/ Maxy s UAranRioRane slian ates s aleiqsolvatable
monomers opﬁ)%%] ga%g%) ir%:"lude vin3}| sul c’)ni(; acid. \%_!ater solvatgﬁle'monomers’ of 30formula (11h)
include 4-vinyabermasiseasninaibaass. such Bsawikine ARENellyase WbpoRmb1e atitoR alSleast one
polymerizable aanaparticke Fhe ARMeLaAhisANBpaLislas sHitablRLanpasin e compositions of
the invention can be any non-fluorinated inorganic oxide particle having ethylenically unsaturated
groups lifikedrtitreges pauticlvsaitstalkviehan avithegiiaareon dsanshedabiityPiedcpedidhtly bond to the
f'UOfOPO'Vmefﬁgﬁ*HGB,ngPR%ﬂEQZ&é | Fiaviagically sheatiyatestSRauRs: AeAB (maeknacrylates,
maleates, mafeimides, fumerates, styrenes and substituted styrenes, unsaturated hydrocarbons
including vinylh&ngoand diene groups. In one preferred embodiment, the 10polymerizable
nanoparticles have ethylenically unsaturated groups that are selected from (meth)acrylates, styrenes,

vinyl and ally' groupS>/&TR6RE (Reféakia Ak osRRiRkIe INBHERHSARIERanent
(meth)acrylategynfiteg apeRy4des (e %Wm@ Brernehireiratiesageraricle component

comprises inorganic oxides of Si, Ti, Zn, Mn, Al, 15and Zr. Preferably the inorganic oxides have an
average, particle size of {r, EE;IE) g%% ut 500 nm; preferablytgfrig about 50 to about 500 nm;
e]$erably from ab%g%@ya %Ii %1 ‘y Sn

more prée 4 m, and more prefera
(R1)oN-L11-0-C(0)-C(R)=CH2 (Ilb)
M1OC(0)-L11-0-C(O)-C(R)=CH> (lic)

(M10)3.P(O)[-L11-0-C(0)-C(R)=CHa]i (lid)

M10S(0)-L.11-X-C(O)-C(R)=CH> (lle)
20 M10S(0)o-L11-C(R)=CH> (1)
M10S(C)p-C(R)=CH> (llg)
M10S(0)-L11-C(R)=CH> (1th)

wherein

R is hydrogen, Cl, F or CHz;

25 R1is Hor Cq to Cg alkyl;
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from about 100 to about 300 nm. In one embodiment polymerizable nanoparticles are fumed particles.

In another embodiment the 20polymerizable nanoparticles component is a colloidal particle made by
hydrolysis‘gpéﬂﬁgf%%%ilane, chlorosilane, metal alkoxide, or metal halidgcgmf%%ﬁ?ﬁavailable
polymerizable nanoparticles useful in forming the compositions of the invention include surface

modified fumed 25 sjji¢ag 4 rgj@%y@q%@gmﬁ ARRORIBESD EHtibh&rare Braussignc., now Evonik

Industries, Essen, Germany. The polymerizable nanoparticles useful in the invention can be provided
by synthetic rigHRtRHCOfafapRpEicealassiAs e AR WaRAeRIFIFAaTRe/YERIc oxide can be

treated with acgihatingageat PERDRISHIIAMLAIBHSMeAYOHIRAIUERER group. Examples of silylating

agents useful in the synthesis of polymerizable nanopatrticles include 3- acryloyloxypropyl
trichlorosilanéN8NAEtAABRIRPIIRIIHSd P Ichlorosilane, 3-acryloyloxypropyl trimethoxysilane,
3-methacryloyloxypropyl tirmethoxysilane, 3-acryloyloxypropyl triethoxysilane, 3-
methacr)ﬂoyloxyproﬂyﬁ))(rietad)@mla}ﬁ@n/myyaﬂ@lﬁﬂdﬁm@uﬂmwmﬁe@m@mhép\/inyl triethoxysilane,

i richorosiang, alinelpWElane: Al eBOAFInee Al soopsjene, and

allylchlorodimethylsilane. Many o ting agents are commercially available from Aldrich

Chemical Co.,hMivatidiealdl salriedifamDowdibemiza Sistinylisladt MNR -, -SOtSeD-suitable
agents for treating a fumed inorganic oxide include 10the foJ‘Iowing: O NNsr(X2)3HH 15
, -S02-, -N(RTC(O)-, and -OC(O)- wherein R is H or C1 to Cg alkyl, and

said linking group optionally substituted with CH»Cl;

10 Xis -O-, -NR*-, or -S-: and
kis1or2;

and wherein the nitrogen in formula (lib) is from about 40% to 100%
salinized.

Water soivatable monomers of formula (ita) include acrylic and

15 (meth)acrylic acid and their alkali metal salts. Water solvatabie monomers
of formula (lib) include 2-(N,N-dimethylamino)ethyl acrylate and 3-{N,N,-
diimethylamino)propyl acrylate. Water solvatable monomers of formula
(lic) include 2-methacryloyloxyethyl succinic acid, 2-methacryloyloxyethyl
phthaiic acid, 2-methacryloyloxyethyl hexhydrophthaiic acid, 2-

20 acryloyloxypropyl phthalic acid, and 2-acryloyloxypropy! hexahydrophthalic
acid. Water solvatable monomers of formula (lid) include 2-
methacryloyloxyethyl acid phosphate, and 2- methacryloyloxypropyl acid
phosphate. Water solvatabie monomers of formula (lle} include 2-
acrylamido-2-methyipropane sulfonic acid, 2-sulfoethyl acrylate, 2-

25 sulfopropyl acrylate, 4-sulfophenyl acryiate, 2-hydroxy-3-sulfopropyl
acrylate; and 4-methacrylamidobenzene sulfonic acid. Water solvatable
monomers of formula () include 4-vinyibenzene sulfonic acid and sodium
3-allyioxy-2-hydroxypropane sulfonate. Water solvatable monomers of
formula (llg) include vinyl sulfonic acid. Water solvatable monomers of

30 formula (lIh) include 4-vinylbenzene sulfinic acid.
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si(x2)3, 0000,and 0 wherein X2 is Cl (chloride) and -OR5 wherein R5 is a linear or branched
C1to C4 alkyl. The polymerizable nanoparticles can be prepared by treating fumed 10nanoparticles
with the a%%@@ﬁmgﬁﬁq agents under anhydrous conditions in an inert sah F%%?@ﬁ/%sé%)%ydrocarbon.
The amount of silylating agent can be varied as desired to provide the desired level, or equivalent
weight, of ethylenicallyeutrsad ussieth gt dufise Thpoyaodopatiotuseaisigégsicatig heated to about 40 to 80C

for 1 to 12 hours to complete the reaction.-15The polymerizable nanoparticles.can be isolated by
centrifugatiorPS?XH.éngg ‘i A %%u%%!%e-l;%?tf%?] ”&‘%é‘ ?ﬁ?aﬂ?%i%@%%ﬁt ”B%r E8r{?§f)lvent to remove
undesired impgstiesias cmededitions Gbtlwdalpattoriesanseéut ny prepdiinginalgcherizable nanoparticles

o v BN A S SRR RIRE N L
for instarice NA¢ GartsilieasidaadableironaiNbiE oL ticimical Guengrpabiltaperoila EntSNOWTEX from
Nissan Chemicals, Hous RharbSo NN 80R T8BbHALRARLERSCiahy AR ljemicals, Muttenz,
unsaturated groups include (meth)acrylates, maleates, maleimides,
fumerates, styrenes and substituted styrenes, unsaturated hydrocarbons
including viny!, allyl and diene groups. In one preferred embodiment, the
10 polymerizable nanoparticles have ethylenically unsaturated groups that
are selected from (meth)acrylates, styrenes, vinyl and allyl groups. A
most preferred form of polymerizable nanoparticles are (meth)acryiate-
modified nanoparticies. In one embodiment the polymerizable
nanoparticle component comprises inorganic oxides of Si, Ti, Zn, Mn, Al,
15 and Zr. Preferably the inorganic oxides have an average pariicle size of
from about 10 to about 500 nm; preferably from about 50 to about 500
nm; more preferably from about 80 to about 400 nm, and more preferably
from about 100 to about 300 nm. In one embodiment polymerizable
nanoparticles are fumed particles. In ancther embodiment the
20  polymerizabie nanoparticles component is a colloidal particle made by
hydrolysis of an alkoxy silane, chlorosilane, metal alkoxide, or metal

halide.

Commercially availabie polymerizable nanoparticles useful in
forming the compositions of the invention include surface modified fumed
25  silicas under the tradename AEROXIDE® R711 from Degussa, Inc., now
Evonik Industries, Essen, Germany.

The polymerizable nanoparticles useful in the invention can be
provided by synthetic modification of nanoparticles. For instance, a
commercial fumed inorganic oxide can be treated with a silylating agent
30 comprising an ethylenically unsaturated group. Examples of silyfating
agents useful in the synthesis of polymerizabie nanopariicies include 3-
acryloyloxypropy! trichlorosilane, 3-methacryloyloxypropyi trichlorosilane,

18



Specialty inorganic oxides at least partially surface-modified with hydrophobic groups, useful in
preparing polymerizable nanoparticles useful in the invention, can be made by synthesis. One
embodimeNPCAMRE ¥ ¥htion is a composition wherein the polymerizable W&TZB 88378 5 surface
modified inorganic oxide particles comprising an oxide of M atoms independently selected from the

group consistiaaiBiyGkyprogyl Mmehayditoepiatieths tiheeodigpieast one particle having a
surface covalgntly bonded to at least one group represented by formula (1V)
(1-2)d(1-3)cSE@%—%@%ﬂ%ﬂ%’l%@&}@f?%ﬁé(ﬁ@ﬁi@ﬁ?&@fg).glne’ 2 is an oxygen covalently bonded
to M; and eacméiBiemdspmngeoty seletiexysiindheigyd incbimsistiageofvifya Ci to C2 alkyl, and OH;
d and c are each independently integers such that: d js greater than or equal to 1, c is greater than or
caual 10 0, AT ST ISA VRS AN R AV A FOLSABRS B0 1. R is i to L2 alky, e
or branctied ZllsiriMidthokidsdher Syl 2tisodyildre(GHOHriNaDOpysia@te] 26812N-C(0)- provided
that when 20 Z2 js,N-C(Q)- or OCH2CH2N-C(0)- that Q forms a 5 member heterocyclic ring
represented t@ﬁdcék%f)"g é%’ﬁ’%%?e 'aﬁ}g‘a@/ ig}sé]gé?e ]Wiﬂn}r\%g%%g%%@nsisting of a C2-C12
hydrocarbyleneophercdiyiraeafigitiedinnm G (@hH, CBMeabCondvlivaekeerganangroup. 25In one
embodiment the Sﬁgce odifieq 8or nic oxide, particles useful in the compositions of the invention
i sraseal o SR

comprise M ato bodiment the copolymer composition further

comprises at least o (i 2 fr ( . ized in the
following percentage 9%%%%%%‘%@@%%2%&%%@& f@)ﬁ%&%ﬁ%’%@i%%ﬁn&%mde, vinyl
chloride}®or vivg/feitmtang: or a mixture thereof; or (e) from about 0.5 % to about 25 % of at least one
monomer selected from the group consisting of styrene, methyl-substituted styrene,

chloromethyl-substitutegstyrene, 2-hydroxyethyl (meth)acrylate, ethylenediol di(meth)acrylate,
N-methyloyl 10(meth)acrylamide, CitOC5 alkyl (meth)acrylate, and a compound

15

Si(X?)3,
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of formula (XX): R8(OCH2CH2)mO0-C(0)-C(R)=CH2(xx) wherein m is 2 to about 10; 15R8 is hydrogen,
a C1 to C4 alkyl, or CH2=C(R)C(0)-0-; and each R is hydrogen, ClI, F or CH3; or 92 from about 0.5 7)/0
to about 1RG4 %3st one monomer of formula (XXla), (XXlb) or (XXI%ET" US2008/085298
4.....%0H-CH2-0-0-C(R)=0H2 H2C 20(XXla) (R90)3Si-B1-X-C(0)-C(R)=CH2 (XXIb)
(R90)3Si-B2-C(R1)=6 KX XIc) wherein each R is independently hydrogen, Cl, F or CH3; WO
2009/076109PCT/US20 8/0%5298 R9§'$£>@ linear or branched C1 to C4 alkyl; B1 is a divalent linear or
branched 02 to 04 alT?yl’e ~Bis T o&%tlent bond or a divalent linear or branched C1 to C4
alkylene; 5 and X is -0-, -N&1-, or -S-; wherein R1 is H or C1 - C6 alkyl; or (g) 1 A) to about 35 % of
any combination of (d), (e), or (f). :

O

H
QN/\/OYN\/\/S]O@)?)

O
0 , and

)

(X2)3Si/\/\OJJY

5 R,
wherein

X2 is Cl (chloride) and -ORS wherein RS is a linear or branched Cq
io Cgq alkyl.

The polymerizable nanoparticles can be prepared by treating fumed
10  nanoparticlies with the above silylating agents under anhydrous conditions
in an inert solvent such as a hydrocarbon. The amount of silylating agent
can be varied as desired to provide the desired level, or equivalent weight,
of ethylenically unsaturated groups. The reaction mixture is typically
heated to about 40 to 80 °C for 1 to 12 hours o complete the reaction.
15 The polymerizable nanoparticies can be isolated by centrifugation of the
reaction mixture. The particles are typically washed with further solvent to

remave undesired impurities as needed.

Colloidal particles useful in preparing polymerizable nanoparticles
for compositions of the invention inciude colloidal aluminas, for example
20 CATAPAL and DISPAL aluminas available from Vista Chemical Company,
Waest Creek, NJ; and colloidal silica suspensions, for instance NALCO
silicas available from Nalco Chemical Company, Naperville, iL,
SNOWTEX from Nissan Chemicals, Houston, TX, and Nano G from
Clairant Specialty Fine Chemicals, Muttenz, Switzerland.
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The present invention further comprises a method of treating fibrous substrates to impart oil repellency
and water repellency 10comprising applying to the surface of the substrate a polymer of the invention
as describ®®@ aBRE61He aqueous emulsion of this invention is applied dirtEMPEF Y4k %  substrate
to be rendered oil- and water-repellent. The emulsion of this invention is applied alone or in admixture

with dilute nonfluoringtediarlymergaaicdiideher iextlepkienimestdgeatmdbmicinisites. The
composition can be applied at a manufacturing fagility, retailer. location, or prigr to installation and use,
or at a consu r%%ﬂ%‘ﬁ.qfﬁﬂ%s‘ﬁﬁ{ rﬁ}g%?ﬁré%%%iyﬁ?ﬁﬁﬁ@i tﬂ%%@p%(a%ﬁ the invention
include those @setlggaribedrvelononl e emeisiadeblyserthebibisdmnestiqoaimeganefally applied to
fibrous substrates by spraying; 20dipping, padding, or other well-known methods. The emulsions of
the invenion A15 GREBLEI) B IR UEREY P A oA FRHIEEF O BEBES CHom Bout 100 gL,

preferably frogugaestrd@difeddradrgahidaidebesaitivsabinprivgighiobitiedWhnostoriated emulsion.
After excess liquid has been removed, for example by squeeze rolls, the freated fabrjc 25is dried and
then cured by TSR T01 L ABREIE ] A0 BS PRBOP RS BUTERE 30 Scnae ieell Goto180
seconds. Suchriigogheinatneesmepsdientyad doepiiticid/hileitiieasaritiog conditintig are typical,
some commeycial apparatus may operate outside these ranges because of its specific design features.
The present i é}qﬁfjnt% 8?85%5]&?8&%“%8%8&389?@(3‘%5’0#2@ lied to its surface a polymer of

the invention as previousl)édescf,ribed. Prefera}ol %@e treateq substéate has a fluorine content of from

about 0.05 % by weight tb 2Bk )@.%id(pdgt'\g!v%ldfﬁ. Smiitehte fatdR incdlldk fibrous substrates. The

fibrous substrates include woven and nonwoven fibers, yarns, fabrics, fabric blends, textiles,
nonwovéfls, papereieather, rugs and carpets. These are made from natural or synthetic fibers
including cotton, cellulose, wool, silk, polyamide, polyester, polyolefin, polyacrylonitrile, polypropylene,
rayon, 10nylon, araniidi@ad egptaie.ddydfabiig béenlis! is Meantfahch indde of two or more types of

fibers. Typically, these blends are a combination of at least one natural fiber and gt least one synthetic
AR R A DR ot G000 M N arS S B s bhgrerdb

fiber, but also e e r en tWwg 6r mo sy}‘lfhetic fibers.

Carpet substrates Opf @ e0aRi WHER RRHENGSNEY HEyer iRersnRddaygrest the carpet

substrates may be dyed, pigmented, printed, or undyed. Carpet substrates can be scoured or
unscoured. Sf‘}‘é@f‘r&f ch & i8 PERBLNANP AN &NREOUR BBLERFtfeXompounds of the present

invention so as tp impart repellency properties include polyamide (such as nylon) polyester, cotton,
(o RERBACT D & rmtes s

and blerds of$dhyestefafd REtEACTHHAISHHANG '

strates include, for example, spunlaced
nonwovens, such as SONTARA available from E. |. du Pont de Nemours and Company, Wilmington,

DE, and spunBénigeiirfre fav@Hc¥b ineah @& P&8EESEAonwoven s.
Z1is —NH-;
XlisOors;
Z2 is NH, N-C(O)-OH, N-C(O)- or OCH9CHoN-C(O)- provided that when

20 72 is N-C(O)- or OCHCHoN-C(O)- that Q forms a 5 member

heterocyclic ring represented by N-C(O)-CH=CH-C(O)-; and
Q is selecied from the group consisting of a Co-C42 hydrocarbylene
optionally interrupted by —O-C(QO}-, -C(O)-G- or one divalent organic

group.

25 In one embodiment the surface modified inorganic oxide particles
useful in the compositions of the invention comprise M atoms that are Si.
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The emulsions of this invention are useful in rendering the substrate 25surface repellent to oil and
water. The repellency is durable after multiple launderings. The polymer emulsions of the present

invention JYEbALE ggadvantage of providing such repellency while con%ﬂ(ﬁé%ﬂﬂgﬂgéw in

perfluoroalkyl groups having from about 2 to about 7 carbon atoms. The emulsions of the present
invention are advantmgaoesthén drabttisnean the 30psigchandenwusdmmddetyenf application conditions

due to their stability. The treated substrates of the present invention are yseful in.a variety of
applications ama%%é fﬁ%ﬁt oy glgfﬁ’%} TJ%?@%E A Sér?‘ﬁé%qg?dgﬁ%né}t,(Hj’pﬂec}rs@r)?,rfurnishings, and
other uses. Sfigcifigailyntbezme sentaicitioingvitecoacayeby ovel§#t/water repellency ratings of these
novel emulsijon - based formulations on spunbond-melt blown-spunbond (SMS) polypropylene fabric. -
The excellent surfacédpfoperibeutesCtibedhbol 85 e nylitenaanistdece i ahliorids, and therefore

can permit longer use. Tes s.and Matef] ‘he.following test methods and materials were
e exampleg AT o EAe e

used in the exampleS hereéi epellency 10The water repellency of a treated

substrate was measuree) aggrdigiia e BURODbTACHBIvRld Ay Meigrbaspulined in the

TEFLON Global Specifications and Quality Contro Tests information packet. The test determines the
resistance of a treatedselgstaasamieetonpp aquestisgiqiigyrenspsetivarukatbiedmixtures of

varying 15surface ten%gjér%r’ecmﬁgiﬁgg(&ﬁ%@%%&w gﬂg%grﬁ_gfyw@ﬁ&mtting is determined

visually. The test providés a roug agueous stainresistance. The higher the water repellency

rating, the better the régistaireryiagirpthugredion diemeid pcsuaimhdbiaiadeyased substances. The
compositd')on of standa@éqggé%%ﬁ}iﬁép%vip 5] rbqk%ptﬂlllgm @pﬁ@ ;ng%tiggﬁl%gr@increments are

determined by subtracting one half from t umbers in Table 1 Tor borderline passing of the test
liquid. Table 1 StandagttidestilaqE$: Water Repellency Rating Number

R8(OCH2CH2)m0-C(O)-C(R)=CHp (XX)
wherein
m is 2 1o about 10;
15 R8 is hydrogen, a Cq to C4 alkyl, or CHo=C(R)C(0)-O-; and
each R is hydrogen, Cl, F or CHzg; or

(f) from about 0.5 % to about 10 % of at least one monomer of
formula (XXla), (XXIb) or (XXic):
ﬁ
0
~ Hy
CH C O Cc C{R)=CH
| (R)=CHy

HoC

20 (XXla)
(R90)3Si-B1-X-C(0)-C(R)=CHo (XXIb)
(R90)3Si-B2-C(R1)=CHso (XXic)

wherein

each R is independently hydrogen, Cl, F or CHza;
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Composition Vol.%, Isopropyl Alcohol Composition, Vol. % Distilled Water 12 98 2 5 95 3 10 90 4 20

805 30 70 6 40 60
WG 2009/076109 PCT/US2008/085298

10

15

20

25

RY is a linear or branched Cq to Cy4 alkyl;
B' is a divalent linear or branched C» to Cy4 alkylene;

B2 is a covalent bond or a divalent linear or branched C1 to C4

alkylene;

and
X is -O-, -NR1-, or -S-; wherein R1 is H or C4 — Cg alkyt; or
(@) 1 % to about 35 % of any combination of {d}, (e), or (f).

The present invention further comprises a method of treating
fibrous substrates o impart oil repellency and water repeliency
comprising applying to the surface of the substrate a poiymer of the
invention as described above. The agueous emulsion of this invention is
applied directly to a textile or substrate to be rendered oil- and water-
repellent. The emulsion of this invention is applied alone or in admixture
with dilute nonfluorinated polymers, or with other textile treatment agents
or finishes. The composition can be applied at a manufacturing facility,

retailer location, or prior to installation and use, or at a consumer location.

Fibrous substrates suitable for practicing the method of the
invention include those as described below. The emulsion polymers of
this invention are generally applied to fibrous substrates by spraying,
dipping, padding, or other well-known methods. The emulsions of the
invention are generally diluted with water to concentrations of from about
5 g/L to about 100 g/L, preferably from about 10 g/L to about 50 g/L,
based upon the weight of the fully formulated emulsion. After excess
liguid has been removed, for example by sgueeze rolls, the treated fabric
is dried and then cured by heating, for example, to 110 °C to 180 °C, for
at ieast 30 seconds, typically 60t0180 seconds. Such curing enhances
repellency and durability. While these curing conditions are typical, some
commercial apparatus may operate ouiside these ranges because of its

specific design features.
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Method 2
WO 2009/076109 PCT/US2008/085298

The present invention further comprises a fibrous substrate having
applied to its surface a polymer of the invention as previously described.
Preferably the treated substrate has a fluorine content of from about 0.05
% by weight to about 0.5 % by weight.

5 Suitabie substrates inciude fibrous substrates. The fibrous
substrates include woven and nonwoven fibers, yarns, fabrics, fabric
blends, textiles, nonwovens, paper, leather, rugs and carpets. These are
made from natural or synthetic fibers including cotton, cellulose, wool, silk,
polyamide, poiyester, polyolefin, polyacrylonitrile, polypropylene, rayon,

10 nylon, aramid, and acetate. By “fabric blends” is meant fabric made of two
or more types of fibers. Typically, these blends are a combination of at
least one natural fiber and at least one synthetic fiber, but also can include
a blend of two or more natural fibers or of two or more synthetic fibers.
Carpet substrates can be dyed, pigmented, printed, or undyed. Fibers and

15 yarns in the carpet substrates may be dyed, pigmented, printed, or
undyed. Carpet substrates can be scoured or unscoured. Substraies to
which it is particularly advantageous {o apply the compounds of the
present invention so as to impart repellency properties include polyamide
{(such as nyion) polyester, cotton, and blends of polyester and cotton. The

20 nonwoven substrates include, for example, spunlaced nonwovens, such
as SONTARA available from E. |. du Pont de Nemours and Company,
Wilmington, DE, and spunbonded-meltblown-spunbonded (SPS)
nonwovens.

The emulsions of this invention are useful in rendering the substrate

25  surface repellent to oil and water. The repellency is durable after multiple
launderings. The polymer emulsions of the present invention also have the
advantage of providing such repellency while confaining short chain
perfluoroalky! groups having from about 2 to about 7 carbon atoms. The
emulsions of the present invention are advantageous in that they can be

30 used under a wide variety of application conditions due to their stability.
The treated substrates of the present invention are useful in a variety of
applications and products such as clothing, protective garments, carpet,
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Hydrostatic pressure is a measure of the pressure needed for deionized water to penetrate a test
fabric and is measured by the method INDA 1ST 80.4. 5It measures the resistance of fabric to the

penetratiowgﬁwg’fg?q]%er static pressure. A nonwoven fabric sample, m&GHEG T ¥ e base of a

reservoir, is subjected to water pressure increasing at a constant rate until leakage appears on the
lower surfaceupfrbistiadyriduriiehingtsraprestues iseweaSpeciaihe thael ettt frvaghliemht reached

10at the first sign of leak int separate areas on the specjmen and the results averaged.
Results are r%ﬁ%’a%nﬁ%%fq}oggg%%% Eﬁ@%&r’ﬁﬁe’t Hgﬁ\/%ﬁ,??é ?n?r%\é%q;%@% g ?e"rﬁperature of 27
C 3 C from abawedHerfabratisamptespueband-cukit bearl-spubiBmi3iMBameter, at a rate of 1.0 0.1
cm of hydrostatic head per ond..Testin uipment 15is available,from Richmond Machine
Compatny, PHEAVSTIAISER P18, 1o B LA SN e SR S dcture Source
AEROXIBE Rip ibcrytateainoslifited sitize Detsssan D tresedétimd, caerpemyit foowgdvoesak Industries,

Essen, Germany AVITEXO R Cationic surfactant, 25 - 30 wt % in water E. I. du Pont de Nemours and
Company, Wilmington, DE BRIJ 58est Methods and Materials

The following test methods and materials were used in the

examples herein.

Test Method 1 - Water Repellency

10 The water repellency of a treated substrate was measured
according to the DuPont Technical Laboratory Method as outlined in the
TEFLON Global Specifications and Quality Control Tests information
packet. The test determines the resistance of a treated substrate to
wetting by aqueous liquids. Drops of water-alcohol mixtures of varying

15 surface tensions are placed on the fabric and the extent of surface wetting
is determined visually. The test provides a rough index of aqueous stain
resistance. The higher the water repellency rating, the better the
resistance the finished substrate has to staining by water-based
substances. The composition of standard test liquids ts shown in the

20 following Table 1. Ratings of 0.5 increments are determined by
subtracting one half from the numbers in Table 1 for bordetline passing of
the test liquid.

Table 1

Standard Test Liguids

Water Repellency Composition Composition, Vol. %
Rating Number Vol.%, tsopropyl Distilled Water
Aicohol
1 2 98
2 5 95
3 10 a0
4 20 80
5 30 70
6 40 60
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polyethylene glycol hexadecyl ether Aldrich Chemical Co, Milwaukee, WI 7-EO methacrylate
poly(oxyeth Ienef}-? methacrylate Aldrich Chemical Co, Milwaukee, WI MAM N-methylol acrylamide
Aldrich ChERtEPE8  ilwaukee, Wi HEMA 2-hydroxyethyl methacrylate ngﬁzﬁﬁgﬁﬁ%% Co, DDM
dodecyl mercaptan Aldrich Chemical Co, DPG dipropylene glycol Aldrich Chemical Co, VAZO 56 WSP

2,2'-azobis-(2- methylproprionamide) dihydrochldide E. I. du Pont &0
8 60 40
9 70 30
10 80 20
11 90 10
12 100 0

Test Method 2

Hydrostatic pressure is a measure of the pressure needed for
deionized water to penetraie a test fabric and is measured by the method
INDA IST 80.4.

3 It measures the resistance of fabric to the penetration of water

under static pressure. A nonwoven fabric sample, mounted to form the
base of a reservoir, is subjected to water pressure increasing at a
constant rate until leakage appears on the lower surface of the fabric.
The water pressure is measured at the hydrostatic head height reached

10 at the first sign of leakage in three separate areas on the specimen and
the results averaged. Results are recorded in cm of water above the
sample. The water is infroduced at a temperature of 27° C £ 3° C from
above the fabric sample over a circular area 114 + 1.3 mm in diameter, at
arate of 1.0 £ 0.1 cm of hydrostatic head per second. Testing equipment

15 is available from Richmond Machine Company, Philadelphia, PA 18134,

Table 2 - Materials

Descriptor Generic name/structure | Source

AEROXIDE R711 Acrylate modified silica | Degussa, Dusseldort,
Germany, now
Evonik Industries,
Essen, Germany

AVITEX® R Cationic surfactant, 25 E. 1. du Pont
- 30 wt % in water de Nemours
and Company,
Wilmington, DE
BRIJ 58 polyethylene giycol Aldrich Chemical Co,
hexadecyl ether Milwaukee, WI
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de Nemours and Company, Wilmington, DE EXAMPLES Example 1 5An emulsion was prepared by
first mixing deionized water (200 g), AVITEX R (5.0 g), BRIJ 58 (5.0 g, 20 %

/%ﬁv%%\t in deionized
BR'EM 1 fumed silica particles (0.1 g) pre-sonified in 1H, ﬁ:rl Serﬁuorooctyl
methacrylate (22 g), stearyl acrylate (7.3 g) and acetone (1.8 g). The resulting mixture was heated to
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acrylate-modified nanoparticles present. An emulsion

Example 1

EXAMPLES

An emulsion was prepared by first mixing deionized water (200 g),
AVITEX R (5.0 g), BRIJ 58 (5.0 g, 20 % by weight in deionized water),
AEROXIDE R711 fumed silica particles (0.1 g) pre-sonified in 1H, 1H, 2H,
2H-perfluorooctyl methacrylate (22 g), stearyl acrylate (7.3 g) and acefone

(1.8 g). The resulting mixture was heated to 50 °C, sonified and then

10

charged into a flask equipped with a subsurface nitrogen sparge. The

mixture was sparged with nitrogen until it reached a temperature below

32 °C. Vinylidene chloride (7.3 g) was then added fo the mixture under a

nitrogen blanket and stirred for 15 minutes followed by the addition of a
solution of VAZO-56 (0.50 g) in deionized water (10.0 g). The reaction

15

mixture was heated to 50 °C and stirred for 8 h. A mixture 2-ethylhexyl

methacrylate (13.7 g), polyethylene glycol methacrylate (4.6 g) and

acetone (0.9 g) was then added to the cooled reaction mixture and

allowed to stir for 15 minutes followed by the addition of a solution of
VAZO-56 (0.25 g) in deionized water (5.0 g) under a nitrogen blanket. The

20

mixture was then heated to 50 °C and stirred for 8 h followed by the

addition of hexylene glycol (10 g) and deionized water (50 g). Gravity

filtration of the resulting mixture using a milk filter resulted in an emulsion

ne;t fabric (con
Wss at a 0.1¢
?abrlc was t¢
Compa

mercially
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was prepared by first mixing deionized water (200 g), AVITEX R (5.0 g), BRIJ 58 (5.0 g, 20 % by
weight in deionized water), 1H, 1H, 2H, 2Hperfluorooctyl methacrylate (22 %ﬁstear | acrylate (7.3 g)
and acetoWé)(iQ%g@Y.ﬁWe resulting mixture was heated to 50C, sonified aﬂ)&g 8??%%%3? ¥d into flask
equipped with a subsurface nitrogen sparge. The mixture was sparged with nitrogen until it reached a
temperature peligma2vatnviaylderspiibiorichel (3.5 %) Was tlreenagidashtodhenandia® under a nitrogen

blanket and stirred for 15 minutes foll d by the additio solution of VAZ0O:56 (0.50 g) in
deionized waf’e?@i‘ﬁ%%fpf’ﬁ'g?g éﬁ%ﬁﬁ%ﬁfﬁé&@@% e&ﬁﬁ%nﬁyerg%lgﬁﬁe% OF 8 hours. A sonified
mixture of 2-goytiversytmigthmcriddte (8 KimpelyetGidekecRitsentimEhaongiag £408d) and acetone
(0.9 g) was then,added to the cooled reagti ixture and allowed to stir for 15 minutes followed by
the adition FALSQINBAGI TASERS6 6 o by MR el Aty (5 1) LiRier IHaaen blanket, The
75mixture wasithirg heatedrtoh Q@43 afdstif edifatdsholhe fativivaddsytdstcadaitiomisl (10 g) hexylene
glycol and (50 eionized water. Gravity filtration of the resylting. mixture using a milk filter resulted in
an emulsion 5 BPGiRCES" /rg)%gﬁj;(?%r!%%ﬁ.a'?ﬁeeéérﬁ%}‘gﬁsp%@r&setﬁ%ggs applied to SMS
polypropylen&ableativen fabrics as in Example 1 and was 30tested for water repellency using Test
Method 1. Results are in Table 3. Comparative Example B Comparative Example B illustrates the
formation of dbicanpdaaé ' taining non-polymerized acrylate modified particles. An emulsion
was prepared by first mixing deionized water (200 g), AVITEX R 5(5.0 g), BRIJ 58 (5.0 g, 20 X) by
weight in deionized WarspanadveHLxarm el pdlasivater fyiefetmnatigne @p aghdtearyl acrylate (7.3 g)
and acefgne Qnﬁjg%%ﬂ?%gﬁﬁ#'HB%H%tée—mf ﬁl&ﬂ%%éﬂe‘aeé‘;ﬂ@sgrﬁn%%%med into a flask

equipped with'a s e nitrogen-sparge. The mixture was sparged with nitrogen until it reached a

temperature eGWIEIBTET,. ikl snikioploaim (7e8 Yalris(B¥hHdAd TEXR fidEe under a nitrogen
blanket and sti r infeol ?ﬂ ,;:g{ ; Tﬁ?ﬁz%. : a,%)(lél,t'o f MAZ£):56.(0.50 g) in deionized
%ﬁgé%é%??é%% Kl as ﬁ@gﬁg%o 50 'Cf?and st? T Y2

water (10.0 g). There mixture rred for 8 h. A mixture of 2-ethylhexyl

methacrylate PESTRQ pelentsiiane ﬂ%{?ﬂ@hﬁWéE\fﬂifﬁigﬁaﬁdaﬁbé%ﬁ_@mgﬂg) was then added
to the cooled !étﬁ('f)‘? and SULRHGRNE {PHowed:by ihespddiianekasaliandf VAZO-56 (0.25 g)

in deionized water” (5.0 g). The miXture was then heated to 50 C, stirred for 8 h and then sonified in the

presencSof hehgleae fiedpgloeny psemnindd wadpsurface nitrogen sparge. The

mixture was sparged with nitrogen until it reached a temperature below

32 °C. Vinylidene chloride (7.3 g) was then added to the mixture under a
nitrogen bianket and stirred for 15 minutes followed by the addition of a
solution of VAZO-56 (.50 g) in deionized water {10.0 g). The reaction

20 mixture was heated to 50 "C and stirred for 8 hours. A sonified mixture of
2-ethylhexyl methacrylate (13.7 g), polyethylene glycol methacrylate
(4.6 g) and acetone (0.9 g) was then added to the cooled reaction mixture
and aliowed to stir for 15 minutes followed by the addition of a solution of
VAZO-56 (0.25 g) in deionized water (5.0 g) under a nitrogen bianket. The

25  mixture was then heated to 50 °C and stirred for 8 hours followed by the
addition of (10 g) hexylene glycol and (50 g) deionized water. Gravity
filtration of the resulting mixture using a milk filter resulted in an emulsion
polymer with 12.7 % solids, and 3.7 % F. The emuision polymer was
applied to SMS polypropylene nonwoven fabrics as in Example 1 and was

30 tested for water repeliency using Test Method 1. Results are in Table 3.
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(50 g) and AEROXIDE R711 (0.1 g). Gravity filtration of the resulting 20mixture using a milk filter
resulted in an emulsion polymer with 12.7 A solids, and 3.7 % F. The emulsion polymer was applied to
SMS polyﬁygp%%%@?%’ﬁwoven fabrics as in Example 1 and was tested fof \(Iglyféng@é@ﬁé‘??éy using Test
Method 1. Results are in Table 3. Table 3 25 Water Repellency Hydrostatic pressure (mm Hg) Comp
Example A 1TCohniai083BantpiaBple 1 10 620 (82,646 Pa) Comp Example B 2 415 (55,319 Pa)
The data in Table 3 demonstrated that Example 1 wherein the nanoparticles were copolymerized into
the polymer structur€prayittative dixaaieh Batestepeidheyfamddighefaydeasiasie pressure than the
Comparative Example A containing no nan %e ior water.repellency and higher
hydrostatic pr%é‘sul?%goigﬂ oﬁpgra?:}\]‘/éD r@?’ﬁr’%ﬁ% égﬁg]%%ﬁgé@?%ﬁﬁéc gpgar%gfes present.
emulsion was prepared by first mixing deionized water (200 g), AVITEX R

5 (5.0g), BRI 58 (5.0 g, 20 % by weight in deionized water), 1H, 1H, 2H,
2H-perfluorooctyl methacrylate (22 g), stearyl acrylate (7.3 g) and acetone

(1.8 g). The resulting mixture was heated to 50 °C, sonified and then
charged into a flask equipped with a subsurface nitrogen sparge. The
mixture was sparged with nitrogen until it reached a temperature below

10 32 °C. Vinylidene chioride (7.3 g) was then added to the mixture under a
nitrogen bianket and stirred for 15 min followed by the addition of a
solution of VAZO-56 (0.50 g) in deionized water (10.0 g). The reaction
mixture was heated to 50 "C and stirred for 8 h. A mixture of 2-ethythexyl
methacrylate (13.7 g), polyethylene glycol methacryiate (4.6 g) and

15 acetone (0.9 g) was then added to the cooled mixture and stirred for 15
min followed by the addition of a sotution of VAZO-56 (0.25 g) in deionized
water (5.0 g). The mixture was then heated to 50 °C, stirred for 8 h and
then sonified in the presence of hexylene giycol (10 g), deionized water
{50 g) and AEROXIDE R711 (0.1 g). Gravity filtration of the resulting

20 mixture using a milk filter resuited in an emulsion polymer with 12.7 %
solids, and 3.7 % F. The emulsion polymer was applied to SMS
polypropylene nonwoven fabrics as in Example 1 and was tested for water
repellency using Test Method 1. Resuits are in Table 3.

Table 3
25
Water Repellency Hydrostatic pressure
{rmm Hg)
Comp Example A 10 510 (67,983 Pa)
Example 1 10 620 (82,646 Pa)
Comp Example B 2 415 (55,319 Pa)

The data in Table 3 demonstrated that Exampie 1 wherein the
nanoparticles were copolymerized into the polymer struciure provided
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5 Example 2 Ethylene (56 g) was introduced to an autoclave charged with C4F9(CH2CF2)21 (714
g) and d-(+)-limonene (3.2 g), and the reactor heated at 240C for 12 hours. The E)roduct was isolated
by vacuun*SiM3H3AHS provide C4F9(CH2CF2)20-12CH21. A mixture oft CT/US2008/085298
10C4F9(CH2CF2)2CH2CH21 (10 g, 0.02 mol) and N-methylformamide (8.9 mL, 0.15 mol) was heated
to 150C for 2@ doivtserhwatextsaliesoyoatei gl o0y diottatiectbysheradaitiothef water to separate

the crude estey. Eth%l %cot%%?ﬁ?u and p-toluene sulfonic ci? O.OQPg%g/vere added and the mixture
stirred at 70 CRIPBZEHGURE ﬁférﬁ? EQHE%?HWQ%%P 51 el FernBR 'E)‘)yaifgﬁllation to give a
crude productepediamogapddighbnagdicsalve giasstver fivarsDednparalievE Xaatpleddis sodium sulfite,
water and brine, in turn, and dried over m 8§§sium sulfate. Distillation provided the alcohol product,

CF3(CF2)3(CRPID B IOMTSHREDBYCES HISEDY: bp 94-95 C at 20 2 mm Hg (266 Pascals).
The prev%’quslg )E)reﬁ%eg alcohol (400 g) and cyclohexane (308.6 g) were added to a round bottomed
flask equipped bar, a Dean-Stark trap and an addition funnel. p-Toluenesulfonic acid

monohydrate (9.2 g)é&%ﬁgxgtﬁoeéy%%nﬂt%g%av&sﬁggs&g\pﬁa@}gl,é& t\mﬁlask, 25 while the

flask was being heate emperature reac methacrylit acid (130.4 g) was added

dropwise. Aftéi &b themethEcrdle) 20d drds elieachte fadigivanthiigateddd®d the flask
temperature I ] ' rmati
CF3(CF2)3Cﬁ%%@?gggfggﬁ)ﬁ:??%%?@PC%%@H%%‘(%%%%Snggﬁggry gge). Once all of the
alcohol had rebgtéafigietdaurvide Cebiéd ta CdumGéiipbidtuferiertifture was then transferred to a
separatign fu . ins ' I 1 . then added to
e it e i R b D B
bicarbonate (J505nmol MasWIREsAIAPRAE ite A e RqUEEUR PSR WES Pl iPeach time. The
reaction mixiuyg %ﬁ}B\M@o’SngH%'%‘&%H'%?%\%t}‘fgor%%gnaﬁ%a y‘t'e)zeté?%%%aé’é{‘éP.us layer was

removed. An aliquot of the reaction mixture was ta y GC to ensure all unreacted

methacrylic adidhylaalcehmyedrlrang thdatiegne sutiheiceaeko® Mkarwargsaggiestaned to a round
bottom flask a@g mggﬂpesg,{m Ié?t%fap@%tﬂ&ﬁysth%fﬁﬂ%?ﬁaé‘?@(%s'e-'fﬁﬁ reaction mixture was
y

then filtered 10and the filtered solids were washed with ethyl ether. The reaction mixture was dried

over MgB04, gileareel gk cerarmenfyddistitalinnda givstargredeppiatvicht Riad Gaslfim to give a liquid

(10.1 g). AnalysisonGH apd MMBIaYealed hedraaiRRHM s WeN a8 ueous sodium
CF3(CF2)3CHZCFZCHZCFZCH2CH20-C(O)-C(CH3):CH2. 1H NMR 15(CDCI3, 400 MHz): 6.12-6.11

(1H, m), 5.60-B4Hdg1Mate) AnBBNPR, In Juen, and dried over magnesium sulfate.
Distillation provided the alcohol product,

CF3(CF2)3(CHoCF2)oCHoCH2OHM, (8.5 g, 83 % yield). bp 94-95 °C at
20 2 mm Hg (266 Pascals).

The previously prepared alcohol (400 g} and cyclohexane (308.6 g)
were added to a round bottomed flask equipped with a stir bar, a Dean-
Stark trap and an addition funnel. p-Toluenesulfonic acid monohydrate
(9.2 g) and 4-methoxyphenol (1.4 g) was charge separately to the flask,

25 while the flask was being heated. When the temperature reached 70 °C,
methacrylic acid (130.4 g) was added dropwise. After all of the
methacrylic acid was added, the flask was insulated and the flask
temperature was raised to 85 °C. Reaction was monitored by GC for
formation of CF3{CF2)3CH2CF2CH2CF2CH2CH»O-C(O)-C(CH3)=CH2

30 (PPVE-methacrylate). Once all of the alcohol had reacted, the flask was
cooled to room temperature. The mixture was then transferred to a
separation funnel. The flask was rinsed with ethyl ether, and the ethy!
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6.0 Hz), 2.94-2.66 (4H m), 2.38 (2H, t-t, J1 = 16.5 Hz, J2 = 6 Hz), 1.95-1.94 (3H, m); MS: 461 (M++1).
An emuIS|on was ared by first mixing deionized water (100 g), AVITEX R‘éz SP%) BRIJ 58 (2.5 g,
20 wt % it ter), (0.05 g) 20 AEROXIDE R711 fumed silica pzﬁ% §28 sonn‘ged in
CF3(CF2)3CH20F2CH2CF2CH2CH20 C(0)-C(CH3)=CH2 (8.4 g), stearyl acrylate (3.7 g) and
acetone (0.9 gih&éheaebulisngthertattiad schibatedi0UBE G, seprafieiibardtheh chiagged into a flask

equipped W|th a S%Jbsurfa e nltrogen P& (]9 r'gé%rr‘glé(%ure was dsegé%)e%a% %% earbuntll it reached a
0 10

25temperature SEER : 9lnﬁ deRe Chioride ( was then a € m| ure under a nitrogen
blanket and smtedt&% LEwnsainésrip bowiedebgrtidrael digioacnfsd saydn tioms o VREEA58(H 25 g) in

deionized wa %acr Tr%% t%e)gcrH% rpéx\;tvure as he%ﬁeg acryl%?%}%z? ;%tf%rn @ gOA mixture of

2- ethylhexyl g), po yeth feéne glyc acetone (0.5 g) was
then addé&d tanthé, emmiéﬁermct&mmsdmjmermﬂrahmmmﬁto@ﬂdm% ofithilieactbby the addition of a

solution of VAZO:56 (0 Eg |3 %erl Q?I{%%MZB%I %y t%fet %?é% p% %Setg@nket The mixture was

then heated to gﬁ% stirre owe |on o hexylene glycol (5 g) and deionized
water (25 g). @mhaprfyhraaom wﬁ&:beemﬂe@mmgr@awhemllﬂ"mwraa@memmaneemulsmn polymer

with 16.8% SO|IdS and Q,O/%I%O'Iéhr 8 n rgq%r%% ea %ﬁ%‘%ﬁﬁﬁ& gfﬁé@ gvnéjsmelt

blown- spunbon (g propylene ric’ availa oswell, GA, using a pad
bath (dipping)apices$s amwmmmmtﬂrma f&bm&mﬁiﬂmm'&diaveeﬂ&e &kedrﬁlmﬁdd:ure at 248 F for

D, S e R daeldoLNASISRRICRN ROIANGIO TREMEHIBH Faage Resuts are

listed in abIe4 10 Comparative Example ompar t|v Xample Iustratest e formation of
an acrylic emWSmde/m*@ené/@&@atédm&mmdmmt@rresmu‘k\@lemm@@’r}’was prepared by

first mixing deionized water (100 g), AVITEX R (2.5 g), BRIJ 58 (2.5 Y% by in deionized
water), 15 CF%\’@W)%@W—M%#%H%% @C}Z@ @éﬂ—@ - E¥§ §f é?é%fgacrylate (3.7 9)

and acetone (QIAR)relBeiethbng sabdurenwasdeaied to 50 C, sonified and then charged into a flask

equipped with a subsurface nltrogen ge T% rged yvith nitr until it reached a

temperature Helca{d2es Wﬁ@ﬁé" é\/é % % ﬂ@nﬁgﬁe under a nitrogen
blanket 3 Wat@% 8r 4Q0Y Safcr%%epq Jy %"%’-8“5?9 SR 04 ¥BZEEE (925 ) In

deionize 5.00). The re ction mixtur eated to 50 and stirred for 8 h. A mixture of a
sonified solutlﬁmdﬂ%e&kﬁﬁh&?ﬁr{@haﬁby%@(@@g) todlyetifiénElglyeor fdtacrylate (2.3 g) and
acetone (0.5 ) t@g tm@q@q%@ﬁ% eactlon mixture and allowed to sir for 15 min followed
by the addltlon of a solution of VAZ0O-56 (0.13 g)'in deionized water (2.5 g) under a nitrogen blanket.

The mixture was thep heatesIaoR:3 ARSeiEe b ondiniolinyed By haadsisemaichexyiene glycol (5

g) and deionized water (25 ) GraV|t flltratlon of the resultlng mixture usm a milk filter resulted in an

30 emulsion pOXWHREXIKIZ @ F8 Eha 9320 ThdIRIREIBRH¥IaHeE \A%Q%ﬁ%lled to SMS
polypropyjenetaRRyee iﬁ'?"[@%’zﬁﬁé@i BiREPIS-BcA pre-sonified in

CF3(CF2)3CHCFoCHCF2CH2CH20-C(0)-C(CH3)=CHp (8.4 g), stearyl
acrylate (3.7 g) and acetone (0.9 g). The resulting mixture was heated to
50 °C, sonified and then charged inio a flask equipped with a subsurface
nitrogen sparge. The mixture was sparged with nitrogen until it reached a
25  temperature below 32 °C. Vinylidene chioride (3.7 g) was then added to
the mixture under a nitrogen blanket and stirred for 15 minutes followed by
the addition of a solution of VAZO-56 (0.25 g) in deionized water (5.0 g).
The reaction mixture was heated to 50 "C and stirred for 8 h. A mixture of
2-ethylhexyl methacrylate (8.9 g), polyethylene glycol methacrylate (2.3 g)
30  and acetone (0.5 g) was then added to the cooled reaction mixture and
allowed to stir for 15 min foliowed by the addition of a solution of VAZO-56
(0.13 g) in deionized water (0.13 g) under a nitrogen blanket. The mixture
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was tested for water repellency using Test Method 1. Results are in Table 4. Comparative Example D
Comparative Example D illustrates the formation of an acrylate Semulsion contalnln non-polymerized
acrylate n?gglﬁ@ﬂ”’ﬁ Hles. An emulsion was prepared by first mixing dei S\%%?(Sg b g), AVITEX
R (2.5 g), BRIJ 58 (2.5 g, 20 % by weight in deionized water),

CF3(CF2)3CW&§W&6WS{GQ§%@@H&%HSW@D stdaeydadivdmef3.7 g) and
acetone (0. 9&8 e res It|n ture was heat d to 10 %,C S |f|e%ebvnFc[it %h% ed into a flask
equipped wit gxé/u%@%ﬁ cﬁ?e??gp ?E@EZI% Wﬁx?’u gé %%?de RYHE ntil it reached a
temperature befutiag ﬁzﬂu?@ﬁnﬂ@almnésmhﬁéeimslm achdisido tudymigtusétunder a nitrogen

blanket and 5 the additi f lution of VAZO-56 (0.25 g) |
dionized watlh o 57 RETRE St mIh S REEDE S0 ERAT AL o 5 . A miture o

2-ethylhexyl meﬂmmataéﬁ Bt@ereb{mbyiBﬁewsqm@qhmgylat@@Br@:)amdlabmone (0.5 g) was
then added t theggol 5[ 05 %IXIUI‘ % IIowedt rfo 1? min followed b the addition of a
solution of V "(ts‘i yg?ﬁ e ﬂ%%l W r‘(‘? g%? POBBW ANREE % Rixture 20was
then heated tQ: 50% Istidied fofiefaritthes $be;f|edowdmetprasemeanﬁ hexglene4d/tol (5 g),
deionized w DE R7 avt f|| ation of the resuylting mixture using a
milk filter resjﬁe i H?gﬁ‘llfgb% é%rﬁn‘%?%hﬁ‘ué%\g%%) READ'SY r?%%‘?fd‘Pﬁé{ Zmulsion polymer
was applied t7 &VBleblypropyldriz rﬁlemdi\mrmmsias?éhﬂé&ample 2 and was tested for water
repellency using Test Method 1. Results are in Table 4. WO 2009/076109PCT/US2008/085298 Table

4 WateORedetienmyr #indr dstatippgdssure

Comparative Example C illustrates the formation of an acrylic

emulsion having no acrylate-modified nanoparticles present. An emuision
was prepared by first mixing deionized water (100 g), AVITEX R (2.5 g),
BRIJ 58 (2.5 g 20 % by weight in deionized water),

15 CF3(CF2)3CH2CFoCHoCF2CHpCHoO-C(O)-C(CH3)=CHa (8.4 g), stearyl
acrylate (3.7 g) and acetone (0.9 g). The resulting mixture was heated to
50 °C, sonified and then charged into a flask equipped with a subsurface
nitrogen sparge. The mixture was sparged with nitrogen until it reached a
temperature below 32 °C. Vinylidene chloride (3.7 g) was then added to

20 the mixture under a nitrogen blanket and stirred for 15 minutes foliowed by
the addition of a solution of VAZO-56 (0.25 g) in deionized water (5.0 g).
The reaction mixture was heated to 50 °C and stirred for 8 h. A mixture of
a sonified solution of 2-ethylhexyl methacrylate (6.9 g), polyethylene glycol
methacrylate (2.3 g) and acetone (0.5 g) was then added to the cooled

25  reaction mixture and allowed to sir for 15 min followed by the addition of a
solution of VAZO-56 (0.13 g) in deionized water (2.5 g) under a nitrogen
blanket. The mixture was then heated to 50 °C and stirred for & h foliowed
by the addition of hexylene glycol (5 g) and deionized water (25 g).
Gravity filtration of the resulting mixture using a milk filter resulted in an

30 emulsion polymer with 13.0 % solids, and 2.3 % F The emulsion polymer

was applied to SMS polypropylene nonwoven fabrics as in Example 2 and



(mm Hg) Comp Example C 3 459 (61,195 Pa) Example 2 4 542 (72,261 Pa) Comp Example D 3 500
(66,661 Pa) 5The data in Table 4 demonstrated that Example 2 wherein the particles were

copolyme 3W87ﬁ?89polymer structure provided superior water repelleﬁ)(g}T %ﬂse?%fi/drostatic
pressure than the Comparative Example C containing no particles and Comparative Example D having
non-polymerizest pestieteopresantrdtcfaamnleidg Tebt Mdthdubx, a&8QIBLaRY X bottle was charged
with diethylevrbe %I%c | (175 mL, 99%, commercially available from Aldrich Chemical Company,
Milwaukee, I? 80 mL of anhydrous tetrahydrofuran. Sodium hydride (3.90 g) was added slowly
with magnetic.stjrri ntil the 15 completion of hydrogen evolution. The capped bottle was removed
from the dry CC%,m e £k ;n oD transferred to a 400 mL metal shaker tube in a nitrogen filled

glovebag. The shak%r%%%ﬁ% (g%(;gg'qggggeggfiwﬁggpﬁe@m%e(&%rﬁiaﬁé%ﬁﬁwwémas started, and

perfluoropropylvinyl e g)was a rom a metal cylinder. ) ure was allowed to
. warm to fooneteiperatretaning nosHaMyMEsizeg mcTyateemnidifiedirniclods éémbined with a

duplicate reaglin (i 1, 5-SERASAIE A0 ks SaleS ey Tae GAmBITSel eACHgTTEMyres were added

to 600 mL of water, an IXture was extracted with 3 x 200 mL of diethyl ether in a separatory

funnel. The e{B<h axtRRYs Were2drigdas & LB MWEgSIDITiReretiZzaddvediRERntrated in vacuo on a rotary
evaporator tOge £ )3 CHy CFoCHoCFoCHoCH2O-C(O)-C(CH3)=CHo (8.4 g), stearyl

acrylate (3.7 g) and acetone (0.9 g). The resulting mixture was heated to

10 50 °C, sonified and then charged into a flask equipped with a subsurface
nitrogen sparge. The mixture was sparged with nitrogen until it reached a
temperature below 32 °C. 3.7 g of vinylidene chloride was then added to
the mixture under a nitrogen blanket and stirred for 15 minutes followed by
the addition of a solution of VAZ0O-56 (0.25 g) in deionized water (5.0 g).

15 The reaction mixture was heated to 50 °C and stirred for 8 h. A mixture of
2-ethylhexyl methacrylate (6.9 g), polyethylene glycol methacryiate (2.3 g)
and acetone (0.5 g) was then added to the cooled reaction mixture and
allowed to stir for 15 min followed by the addition of a solution of VAZO-56
(0.13 g) in deionized water (2.5 g) under a nitrogen blanket. The mixiure

20 was then heated 1o 50 °C, stirred for 8 h and then sonified in the presence
of hexylene glycol (5 g), deionized water (25 g) and AEROXIDE R711
(0.05 g). Gravity filtration of the resulting mixture using a milk filter
resulted in an emulsion polymer with 13.0 % solids, and 2.3 % F. The
emulsion polymer was appiied to SMS polypropylene nonwoven fabrics as

25 in Exampie 2 and was tested for water repellency using Test Method 1.
Results are in Table 4.
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a liquid (119.0 g) 1H NMR in CD30D, and analysis by gas chromatography (GC) both showed a small
amount of diethylene glycol. This material was dissolved in 150 mL of diethyl ether and extracted with
water (3 x“ig(?‘%wpflﬂ separatory funnel. The ether layer was dried oveﬁ@@@é@?ﬁﬂﬁ?@g& and
concentrated in vacua on a rotary evaporator at high vacuum to give a liquid (99.1 g) of
perfluoropropylvinyl ether alcohol (PPVE) [CF3(CF2)20CHFCF2-CH2CH20H]. 1H NMR (C6D6, pprn 5
downfield of TMS) showed 97 mole% desired mono-PPVE adduct: 1.77 (broad s, OH), 3.08-3.12 (m,
OCH2CH20CH2CH20H), 3.42 (t, OCH2CH20OGECGH20H), 3.61 (t, OCH2CH20CH2CH20H), 5.496
(doublet of triplets, 2JH-F = 53 Hz, 3JH-F = 3 Hz OCF2CHFOCS3F7), and 3 mole% of the bis PPVE
adduct: 5.470 (deubtetoftriptets; 23H-F=53-10-Hz 3IHF=3Hz,—
C3F7OCHFCF20CH2CH20CH2CH2We s (i§RBIEDEY) | THEWHRSHBaRESSR e bis PPVE adduct
overlapped with/the mono PPVE adguct. __Perfluoroprapylvinyl iR} 88bhol,
CF3(CF2)20CH FEbATS EXSHIZRI (400 g) ang cyclohexane (388, ¢e), 1&5vese added to a round

bottomed flask eqtipped-with-astirfar, a Dean-Stark-trap-and-an-addition fumet s Toluenesulfonic
acid monohydrate (QEWB 4-methoxyphendl (1.4 g) was chaf @ép%#’étﬁr)to the flask, while the

flask was being herfiegh Fyaesptbertemperaturegreached 70 C, Beth@eygiaes) (130(4 g) is added
dropwise. After attof themethacrylic 20acidwas added, the flask was insufted and the flask

temperatyre was raisr%% t@a? Eg.ﬁ%%goge%@%}ger%pz% L formation.afgerfluoropropylvinyl
ether methacrylate. Once all of the perfluoropropylvinyl ether alcohol had reacted, the flask was cooled
to room tempeAitiples Rreboel/ esizeshtiaribr rolmees %@pﬁmﬁfgsﬁﬁﬂéluﬂ?féoﬂask was rinsed
with ethy) ethela@Rddpeieig ehe el Haresenaqpesdanm mbilcnmpasaven funnel. The

reaction mixture was wa ree time sodium bicarbonate (150 mL, 10% w/w solution) and ice

and the aquebu@apisr WEOMERHBNED ORI iRiRs THe teabhghatinalrsanzete hada8ed with deionized
water (150 m%@g@twgggg aé@yﬁfe\ggﬁt'removed. An aliquot of the reaction mixture was taken
y GC 1o

and analyzed ensure all unreacted methacrylic acid was removed during the washes. The
reactionp@ixt@gwérgnsferred to a round bottom flask and magnesium sulfate was added to dry the

reaction mixturé. The reaction mixture was then filtered and the filtered solids were
fn a dry box, a 500 mL Pyrex bottie was charged with diethylene

glyco! (175 mL, 99%, commercially available from Aldrich Chemical
Company, Milwaukee, W1) and 80 mbL of anhydrous tetrahydrofuran.
Sodium hydride (3.90 g) was added siowly with magnetic stirring until the

15 completion of hydrogen evolution. The capped bottle was removed from
the drybox, and the solution was transferred to a 400 mi meta! shaker
tube in a nitrogen filled glovebag. The shaker tube was cooled to an
internal temperature of ~18 °C, shaking was started, and
perfluoropropylvinyl ether {41 g) was added from a metal cylinder. The

20  mixture was allowed to warm to room temperature and was shaken for
20 h. The reaction mixture was combined with a duplicate reaction run in
a separate 400 mL shaker tube. The combined reaction mixtures were
added to 600 mL of water, and this mixture was extracted with 3 x 200 mL
of diethyl ether in a separatory funnel. The ether extracts were dried over

25 Mg8OQ, filtered, and concentrated in vacuo on a rotary evaporator to give
a liquid (119.0 g) 1H NMR in CD300D, and analysis by gas

chromatography (GC) both showed a small amount of diethylene glycol.
This material was dissolved in 150 mL of diethyl ether and extracted with
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washed with ethyl ether. The reaction mixture was dried over MgSO4, 5filtered, and concentrated in
vacuo on a rotaroy evaporator at high vacuum to give a liquid (10.1 g). Analysis by GC revealed the
reaction mixtAE Wé’@?—?(CFZ)ZOCHFCF2CH2CH20-C(O)-C(CH3)2CH2?§% U8R R prepared
by first mixing deionized water (100 g), AVITEX R (2.5 g), BRIJ 58 (2.5 g, 20 % by weight in deionized
water), 10AER@X¥HIE RT30 foin)dd sibeppatariet (héb Jhwetenifmeinwas dried over

CF3(CF2)20CHRCF2CH2CH20-C(0)-C(CH3)=CH2 (11.5 g), I late (3.7 g) .and 0.9
0). T(he réuﬁﬂ&ﬁﬁtﬁ%@ ﬁé‘ﬁ?egé)%’ é@@%édgmf%%cgﬂﬁ@ﬁ%%ﬁga@ﬁg%g Trlgs% @Huipi)ceeéovcsh(a
subsurface niygg_ﬁjr}&@%%"gh e g @pﬁé%i’bﬂg}dw%@%ﬂ HHBAtyeaphed a 15temperature

below 32 C. Vin§lidene chloride (3.7 g) was then added to the mixture under a nitrogen blanket and

stirred for 15 MRYES fefiaifetbp@ie Hddfint-bi2staRidh of VAMRHE 6D 85 deionized water (5.0
g). The reactign mixture ated t tirred f h. A g a sonified solution of '
2-ethylh§xyl rﬁ%‘&ﬁ%{lﬁa‘%’f Tgﬂg th‘?g@(ﬁgﬁﬁé %rg‘/’c%r%%_eorﬁiet 0<'Qc()rylate :r2%§é %?h(T 'gc?etone (0.5 g) was
then added tqtheacbs)aHiat8ahiikt(me AcHHOWe -4 oo Ch-nid.fl¢wed by the addition of a
solution of VAZO-56 (0.13 s) in_of deionized water (2.5§gémder a nitro%en blanket. The mixture was

then heated t&5¢7eARaltr PR oSl Bt Gl B hE 928! (5 g) and deionized
water (2 . ravity fi ion i i usi ik fi resul in an emulsion
atymor with OHFSNDIER 297V & ShE RS Do Waa G toa b Ebdondmelt
blown-spunband lypro fabric avail fro i rly, Clarlks, well, GA, using a pad
bath (digping%%gghgéf%%%ﬁ%@%iﬁ d]'I“f’zle %§2§ \5\% %’érﬁrgﬁ%\%le%smbéilﬁgg E%Egand cure gt 25)18 F

for 3 mingtes  Ehe fphrcavasiiested for water repellency according to Test Method 1 and 2. Results
are listed in Table 5. Comparative Exag&le E Comparative Example E illustrates the formation of

an acrylic emSisfofMaldh§ hiz @i ialeGiftat hntdbaalc!ds Bleakn: AT&RiSon was prepared by
" g deioni . _ i 00 b in deionized
waten), G o S e B FE g N BB o

acetone (0.9 g). Theﬁg%gpgﬁggg%yaa 90%50 C, sonified and then charged into a flask
trogen

equipped with a subsurface n sparge. The mixture was sparged with nitrogen until it reached a

10 temperatu@%@ﬁe@%@ﬁQeﬁé‘g@Uﬂ@%&mQ\)@ﬁﬁléﬁ%@@éﬁmﬁt@&i&tﬁ}e under a nitrogen
detonized watlF . BBt 4 SaRh T RSHUF S0 A SEOI . A minture of
sonified solutigeef gashyiexyladditiacrdares(6.8-Tl peheetbiftere gtydohonohydrate
(9.2 g) and 4-methoxyphenol (1.4 g) was charge separately to the flask,
while the flask was being heated. When the temperature reached 70 °C,
methacrylic acid (130.4 g) is added dropwise. After all of the methacrylic
20  acid was added, the flask was insulted and the flask temperature was
raised to 85 °C. Reaction was monitored by GC for formation of
perflucropropyivinyl ether methacrylate. Once all of the
perfluoropropylvinyl ether alcohol had reacted, the flask was cooled to
room temperature. The mixture was then transferred to a separation
25 funnel. The flask was rinsed with ethyl ether, and the ethyl ether wash
was then added fo the mixture in separation funnel. The reaction mixiure
was washed three times with sodium bicarbonate (150 mL, 10% w/w
solution) and ice and the agueous layer was removed each time. The
reaction mixture was then washed with deionized water {150 mL), and the
30 aqueous layer was removed. An aliquot of the reaction mixture was taken

and analyzed by GC to ensure all unreacted methacrylic acid was
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15methacrylate (2.3 g) and acetone (0.5 g) was then added to the cooled reaction mixture and allowed
to sir for 15 min followed by the addition of a solution of VAZO-56 (0.13 géln deionized water (2.59)
under a mWéﬁ@W%ﬁ'&?ﬂ?@t The mixture was then heated to 50 C and stirred fdf &R #8158 by the

addition of hexylene glycol (5 g) and deionized water (25 g). 20Grauvity filtration of the resulting mixture
using a milk fittenoesdldetimgahematsies. pdfllymmaaﬂbrim&%sahds teantbReAréd o dhe emulsion

polymer was appli SM Iene nonwo abrlcs 3 and.was tested for
water repelleﬁ&?' u@%%%?&ﬁﬁ/%g%gag) PRI E’EréH E{Yé‘% a %%;%P&ﬁ erE%trr%]e F
Comparative Fxanngle FhldiLretiiatemthex@:matmtbéamlaergtaMMfmmm)hﬁwmpolymerized
acrylate modified nano rtl Ie sion w. rep red ed water (100 g),
AVITEX R (2.5%5 % mrfb?/?ﬁéﬁsiﬂ'[’)r{“dg Bhiz&8 é ‘?@rr »ﬁ&% tHFrEN1-1 n (-In\
n(cHc:1-4 (11fﬁtér@d webrﬁw ?éee@:ﬁ REIn @ﬁ:%t@@t%@@v%%%mﬁigﬂ aixtiiie was heated to

50 C, sonified and then charged into a flask equipped with'a subsurface nitrogen sparge. The mixture
was sparged Wtﬁ“fﬁtﬁb@@ﬂ%g it r@hcﬁé@ﬁ%@n%e%ﬁ%vﬁ@ﬂ@\ﬁ Be ceqHOMJBME WIRdYRR (3.7 g) was

then added tocthe @pﬁg% RJTFRISAMtauTkes AL, 15 minutes followed by the addition
of a solution of (0.25 g) In deronized water (5.0 g). 5 The reaction mixture was heated to 50

'C and stirred for 8 h ﬁ\ éﬂl?f}féf r%%(é;%'?ggﬁjré? \A);qilp @f%ﬁﬂy%“&ggt%gﬂgﬁ@%ﬁ g)_ polyethylene

glycol methacrylate .3 g) and acet st en added to the co mixture and

allowed to stirfeil XN fofialeB Rl thé GHligorGfa @bl\ﬁﬁc@h@ﬂvﬂi@@?%@@@hn deionized water
(2.5 9) under A RR[IRHE R P4 al”tfﬁhe@@:i%ﬁ‘%éﬂ;%@é '@315‘?9 é&ﬁﬁ’&i pfirred for 8 h and then

sonified in the presence of hexylene glycol ( eionized Water (25 g) and AEROXIDE R711 (0.05
g). Gravity flltﬁﬁemz)ﬁ}@btﬁﬁ@ﬁﬁﬁﬂﬁélBQr@(@h‘ﬁ}k@ﬂ'ﬂaﬂf&tﬂmé@TrﬁﬂﬂeﬁMn polymer with 16.0

25 in ExamplES AR ELIFTER HELE Rsbing) GolREUTLE (RAHLE T RTRE AN n Table 5. -
Table 5 Wates(Repedtamntydydtostaticheegadrétnafidgk equipped with a subsurface
nitrogen sparge. The mixiure was sparged with nitrogen untit it reached a

15 temperature below 32 °C. Vinylidene chioride (3.7 g) was then added to
the mixture under a nitrogen blanket and stirred for 15 minutes followed by
the addition of a solution of VAZO-56 (0.25 g) in deionized water (5.0 g).
The reaction mixture was heated to 50 “C and stirred for 8 h. A mixture of
a sonified solution of 2-ethylhexyl methacrylate (6.9 g), polyethylene glycol

20 methacrylate (2.3 g) and acetone (0.5 g) was then added to the cooled
reaction mixture and allowed to sir for 15 min followed by the addition of a
solution of VAZO-56 (0.13 g) in of deionized water (2.5 g) under a nitrogen
blanket. The mixture was then heated to 50 °C and stirred for 8 h followed
by the addition of hexylene giycol (5 g) and deionized water {25 g).

25 Gravity filtration of the resulting mixture using a milk filter resulted in an
emulsion polymer with 17.4 % solids, and 3.7 % F. The emulsion polymer
was applied to spunbond-melt blown-spunbond (SMS) polypropylene
fabric available from Kimberly Clark, Roswell, GA, using a pad bath
(dipping) process at a 0.10% loading. The fabric was then allowed to air

30 dry and cure at 248 °F for 3 minutes. The fabric was tested for water
repellency according to Test Method 1 and 2. Results are iisted in
Table 5.
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Comp Example E 7 629 (83, 860 Pa) Example 3 9 694 (92, 526 Pa) Comp Example F 5 529 (70, 528
Pa) 20 The data in Table 5 demonstrated that Example 3 wherein the nano;%artlcles were
copolyme%&%ﬂ@"tﬂé’%olymer structure provided superior water repeIIech(g} éﬂ%z‘fﬂ%%}zﬁ%rostatlc
pressure than the Comparative Example E containing no nanoparticles and Comparative 25Example F
having non-pglgmetrsilpdfialesier&ent. Example 4 A one gallon reactor was charged with
perfluoroethylethyl iodide (PFEEI) (850 g). After cool evacuation, ethylene and tetrafluoroethylene in
27:73 ratio were addeohupditaines Sixerngde e d GSpsigy( 18 orrEB P ay. arheasdiction was then heated
to 70C. More eth Iene nd tetrafluoro I 7 ur reached
160psig (110? 8? E’ﬁ? V4 %u%;a;fcp%rg%cﬁgs%é%%ongaé§ %gﬂ\pgy? Séé%c%%gt g&% %!?(5 g rg%[rﬂuoroethylethyl
iodide) was ad@ect)ae;ﬂammtnyl ﬁasermmmgldmo@aedeealteat(dm )aABIEKI®R 12 Ethylene and
tetrafluorpethy| the LTS maln [ 3 x 103 Pa). After about 679 of
ethylene askéa%ﬁ(}?aaé\k?gtﬁ ene gn\%%gtraf' usros ?%Pds&é ds were stopped. The reaction was
heated at 70@@(@@@8%6%2E@CH20 C(O)- C(CH3 =CH» (11.6 g), stearyl

acrylate (3.7 g) and acetone (0.9 g). The resulting mixture was heated to
50 °C, sonified and then charged into a flask equipped with a subsurface
nitrogen sparge. The mixture was sparged with nitrogen until it reached a

10 temperature below 32 °C. Vinylidene chloride (3.7 g) was then added to
the mixture under a nitrogen blanket and stirred for 15 minutes followed by
the addition of a solution of VAZO-56 (0.25 g) in deionized water (5.0 g).
The reaction mixture was heated to 50 ‘C and stirred for 8 h. A mixture of
a sonified solution of 2-ethylhexyl methacrylate (6.9 g), polyethylene glycol

15 methacrylate (2.3 g) and acetone (0.5 g) was then added to the cooled
reaction mixture and allowed to sir for 15 min followed by the addition of a
solution of VAZO-56 (0.13 g) in deionized water (2.5 g) under a nitrogen
blanket. The mixture was then heated to 50 °C and stirred for 8 h foillowed
by the addition of hexylene glycol (5 g) and deionized water (25 g).

20 Gravity filtration of the resulting mixture using a milk filier resulted in an
emulsion polymer with 16.0 % solids, and 3.4 % F. The emulsion polymer
was applied to SMS polypropylene nonwoven fabrics as in Example 3 and
was tested for water repellency using Test Method 1. Results are in
Table 5.

25  Comparative Example F

Comparative Example F illustrates the formation of an acrylate
emulsion containing non-polymerized acrylate modified nanoparticles. An
emulsion was prepared by first mixing deionized water (100 g), AVITEX R
(2.5 g), BRIJ 58 (2.5 g, 20 % by weight in deionized water),

30 CF3(CF2)20CHFCF2CHoCH20O-C(0)-C(CH3)=CHp (11.6 g), steary!
acrylate (3.7 g) and acetone (0.9 g). The resuiting mixture was heated fo
50 °C, sonified and then charged info a flask equipped with a subsurface
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10 volatiles were removed by vacuum distillation at room temperature. A mixture of iodides (773g) was
obtained, which contained 1,1,2,2,5,5,6,6- octahydroperfluoro-1-iodooctane and

1,1,2,2,5,3%08YY1619Y- dodecahydroperfluoro-1-iodododecane as major COMPIRYRTEZH about 2:1
ratio. 15The mixture of iodides (46.5 g) and N-methylformamide (NMF) (273 mL) was heated to 150C

for 19 hours. s ercioar guxtUreweistvashes wiihryeten #xTt0geh)untjivesastridue. A mixture of
this residue, ethanol (200 , and cancentrated hydroch|orig acid (1 mL) was gently refluxed (85C
bath tempera ﬁF@?%ﬁgéﬁang%&‘ﬁgge ?é’a%?f%ﬁ%f%&ﬁr%&@ﬁ&&%@i ﬁﬁﬁﬁ&@%ku. The solid was
Wﬁsf;]ed with %w@wﬁmﬁém@ﬁm@ﬁ amrmimk@tcammmtmlmr}cﬁowmiaMtwémﬁ@dmpols, 26.5 g,
which contai 1,2,2,5,5,6,6-octahydrg ro-1- naland . .
22 556,58 SRR A AR BT Lo Lad AL IRBIEPLALSH R SbsA 500 mi flask
was charged Wil tbedtixiunixnfreleatmolseé d tg) F0€ased steviolidy Suhethytaimtnes(818 g), and
tetrahydrofuran (100 mL). Acryloyl chlgride (8. in tetrahydrofuran (1 was added drop wise at
about 10C. Afot Qﬁf{g %‘L@ﬁ?ﬁﬁ%@&%}ﬂﬂ%&E@éﬂi%ca’f%@g@néﬁ?ﬁ% %ﬁ/gg" gﬁ?red at room
temperature foreihduuese30C fgy 2risdhosisnd @5 gidweasitemadeedd yfitatmokad washed with
tetrahydrofuran (50 mL). The combined filirate and washer e concentrated tq.give a residue. The
residue was rﬁ%é@cﬁ%tﬂ)’g%%? %’%aﬁﬂ_\"f%iaoe%!éﬁﬁs %ig\@[ﬁ&e\ﬂéﬁ ﬁé%%%é%‘%@ (ﬁﬁ?ation. The
ether solutionswasitmreofWast© b i(D. Na g CO d¢ioalzasiveatrdd theh water B8X5@geh), NaCl (sat.),
dried over anhydrou 2504, concentrated. and dried. on.yacyum ta. solid product (19.8 g), which
coanl] R R LR ST s
odecahydro iecbi sxnykdehbengjene [+ Jore atei g
ethylene-tetraﬂugg %ﬂi&g I?e Ag eyue\ggo\r/mtw%ﬁ rp@?é)r%%gthbe}/r%r‘c’tlm’ixwﬁ% )((jtgir%nized water (100
g), AVITEX Ra@. %% % g(, %AQ ) e"?gthn GRIoNIZe Watesr")Lj' g
10ethylene-tetrsifigazoethyfitee meyliate {8 g presomifedyvitr MEROX D% Balidsfiandd silica particles
(0.05 Q), stearyl agrylate (3.7 nd acetone (0.9 g).. T syt ixture was heated to 50 C,
sonified and tﬁﬁ?ﬁ%&?ﬁéﬁﬁ@é&f&%@ %%ré\g%?%pg @%‘ggﬁﬁ;@g r%%éésrfjg%a%e. The mixture was
spargedlWith ndrogevennfdtitioseah ed Exmperdtare vedowekia? 10 Waldidepeibttayde (3.7 g) was
then added to the mgtu%r5 u%ded' 2 nigoaﬁps%laéﬂfr?tr%n sgrred for 15 minutes followed by the addition
of a solution StFVAZ G2 Eﬂ& 5 Q) in Eiohized Water (5.0 d). The reaction mixture was heated to 50 'C
and stirred for 8 h. A mixture of a sonified solution of 2-ethylhexyl methacrylate (6.9 g), polyethylene
glycol 20methacrylate (2.3 g) and acetone (0.5 g) was then added to the cooled

Table b
Water Hydrostatic pressure
Repellency (mm Hg)
Comp Example & 7 629 (83, 860 Pa)
Example 3 9 694 ( 92, 526 Pa)
Comp Example F 5 520 (70, 528 Pa)

20
The data in Table 5 demonstrated that Example 3 wherein the

nanoparticles were copolymerized into the polymer structure provided
superior water repellency and higher hydrostatic pressure than the
Comparative Example E containing no nanoparticles and Comparative

25 Example F having non-polymerized particles present.

Example 4

A one gallon reactor was charged with perfluoroethylethyl iodide
(PFEEI) (850 g). After cool evacuation, ethylene and tetrafiuoroethylene
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reaction mixture and allowed to stir for 15 min followed by the addition of a solution of VAZO-56 (0.13
g) in deionized water (2.5 g) under a nitrogen blanket. The mixture was then heated to 50 C and stirred

for8 h follwweﬂ?é‘}gddition of hexylene glycol (5 g) and deionized Wa@?Tﬁ@f§%%ity filtration

of the resulting mixture using a milk filter resulted in an emulsion polymer with 13.5% solids, and 2.3%
F. The emulsipregonsmetivasapptdddaspibphssuinselddoet-60pwihadd ESMS) (R Falopylene fabric

available from_Kimberly Clark, Roswell, GA, using d bath (dipping) process at a 0.10% loading.
The fabric nggéﬁéﬁ%cﬁ%%@e\g% %?g&ﬁﬁ?egw@%ecgt ﬁ%‘?&%&ﬁ'n@%@g The fabric was tested for
water repelleneyrzftcorodtigyiefest Metbrhiicndiz Aetedisiati tistedure FTebtehed Comparative
Example G om ive E le G,illustrates the formation of an acrylic emulsion having no
ccryiate.mod AT Lt Tot CrovEi: A S SETUE PRLURBA by IPel L aiiBized water
(100 g), AVITEX BO(8. bayfi st thHB:(2ybigd R ) Mhbyadetghttn ddidnireditadtar), Btulene-
tetrafluoroethylene acrylate (8.8 9),.stearyl acrylate (3.7 g) and tone (0.9.9)., The resulting mixture
was heated to %as%ﬁ%@d“ﬁd%ﬂ@ﬁ%aﬁ}g%gd%iﬁﬁeg%%%&eeaﬂfgg%@aﬂ r%%ﬂ%’s?ﬂ?a%gdﬁitrogen
sparge. The rtigtyre seases paagedingthatitt6gesigritil D 3eadiiSdra jemifieradieib etgvaf 032 C.
Vinylidene chigride (3.7 g) was the ded to the mixture under a.nitrogep blanket and stirred for 15
inutes Tolo 8 e B3 AC T Do B AR L R o MGt Vi (5.0 0. The
reaction mixtwepEsihebtedtad®de wad btamtifat BHICAoniahothef 8 sonified@wution of 2-ethylhexyl
methacrylate (6.9.q9), polyethylene glycol 15methacrylate (2. and acetone (0.5 @) was then added
1 the colied OB LGS SRIB N A0 P IR FoteE ) B Ao o a soluon o
VAZO-56 (0.13ig)iredsiwdintet WAISG (2 g pitaieed nithige cdriéaket] Tie Zyiddybetvdas then heated to
50 C and stirred. for 8 h followed Qy.the addition of hexyle ycal nd deionized water (25 g).
SR eE ke

20Gravity filtrgﬁg)% S g miX an emulsion polymer with
13.5% solids, douk2:3¥dropeeieonalsi doguivaiecavasaspplEdrtoddMSrpmijpin@bene 2xdnwoven fabrics

as in Example Eglnd was tested for water repellency using Test Method 1. Results are in Table 6. 25
Comparative E‘]xarhple H Comparative example H illustrates the formation of an acrylate emulsion

Cetonize water (100 05 VTR (DS, s Ch e o o e e,
ethylene- mlL) was heated to 150°C for 19 hours. The reaction mixture was washed

with water (4X500 mL) to give a residue. A mixture of this residue, ethanol

(200 mL}, and concentrated hydrochloric acid (1 mL) was gently refluxed

(85°C bath temperature) for 24 hours. The reaction mixture was poured

20 into water (300mL}. The solid was washed with water (2X75 mL) and

dried under vacuum (2 torr) to give a mixture of alcohols, 26.5 g, which

contained 1,2,2,5,5,6,6-occtahydroperfluoro-1-octanol and

1,1,2,2,5,5,6,6,9,9,10,10-dodecahydroperfluoro-1-dodecanol as major

components.

25 A 500 mL flask was charged with the mixiure of alcohols (24.5 g)
prepared previously, triethylamine (8.8 g}, and tetrahydrofuran (100 mL).
Acryloyl chioride (8.8 g} in tetrahydrofuran (10 mL) was added drop wise
at about 10°C. Another 40 mL tetrahydrofuran was added and the
resulting mixture was stirred at room temperature for 15 hours, 30°C for 2

30 hours. The solid was removed by filtration and washed with
tetrahydrofuran (50 mL). The combined filirate and washer were
concentrated to give a residue. The residue was mixed with ether (600
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30tetrafluoroethylene acrylate (8.8 g), stearyl acrylate (3.7 g) and acetone (0.9 g). The resulting
mixture was heated to 50 C, sonified and then charged into a flask equipped with a subsurface

nitrogen s‘ﬂ’é?&gqgf‘ﬁél%ixture was sparged with nitrogen until it reached a ?Mé?ﬁ?ﬁor%sf)gglow 32 C.
3.7 g of vinylidene chloride was then added to the mixture under a nitrogen blanket and stirred for 15

minutes followeld bythetlaelditionivible solidttowefdtAr@WEs] Oy ithtiordeiimizethevater (5.0 g). The
reaction 5mixture,was heated to 50,C

nd. stirr 8. h. A mixture of ifi olution of
2-ethylhexyl r%%lt%té%wpéqg ‘*"é’gﬂaﬁg et i)sﬁe}r\l@gé%%l tr(rjle [ﬁg%%%/lg 5 %ﬁ%%%%r\’l%qa%etone (0.5 g) was
then added tq3K&Goolad Meditisa mhixtried averatiniveti oo s thides D, mim feifdvaéetignitie addition of a
solution of VAZO-56 (0.13 ) in deignized water. 9) under a nit (0]a]] t mixture was
then heated tSZWS ,”s‘{.?Fe“ag%BB% %OiIHCP fﬁéﬁ Cs%o(rq %(383331 %ﬁe'%%:%%r}l{cgg %@iﬁéfy?é@n(’eg @ﬁggc,jgl'w ),
deionized watest§AydrppedlobiREtYDECRELE EhOS d), X2 &y ByoifyaLohiof Ehe resulting mixture using a
milk filter resulted in an emulsion polymer with 13.5 % solid 3 )OF Ision polymer
was applied té%%l%agg FS o%@%%@QéQ%C ng%%l%%raigsr%%ﬁq E@(%’ %Te %A?ﬁvggrsg ested for water
repellency usherdiestdMethoeht-Rustiliio@eny[€able@ykdble 6 Water Repellency Hydrostatic

pressure (mm Hg) Comp Example G 1 415 (55,329 Pa) Example 4
An emulsion was prepared by first mixing deionized water (100 g},

AVITEX R (2.5 g), BRIJ 58 (2.5 g, 20 % by weight in deionized water),

10 ethylene-tetrafluoroethylene acrylate (8.8 g) presonified with AEROXIDE
R711 fumed silica particles (0.05 g), stearyl acrylate (3.7 g) and acetone
(0.9 g). The resulting mixiure was heated to 50 °C, sonified and then
charged into a flask equipped with a subsurface nitrogen sparge. The
mixture was sparged with nitrogen until it reached a temperature below

15 32 C. Vinylidene chloride (3.7 g) was then added to the mixiure under a
nitrogen blanket and stirred for 15 minutes followed by the addition of a
solution of VAZO-56 (0.25 g) in deionized water (5.0 g). The reaction
mixture was heated to 50 "C and stirred for 8 h. A mixture of a sonified
solution of 2-ethylthexyl methacrylate (6.9 g), poiyethyiene giycol

20 methacrylate (2.3 g) and acetone (0.5 g) was then added {o the cooled
reaction mixture and allowed fo stir for 15 min followed by the addition of a
solution of VAZO-56 (0.13 g) in deionized water (2.5 g) under a nitrogen
blanket. The mixture was then heated to 50 °C and stirred for 8 h followed
by the addition of hexylene glycol (5 g) and deionized water (25 g).

25 Gravity filtration of the resulting mixture using a milk filter resulted in an
emuision polymer with 13.5 % solids, and 2.3 % F. The emuision polymer
was applied to spunbond-melt blown-spunbond (SMS) polypropylene
fabric availabie from Kimberly Clark, Roswell, GA, using a pad bath
(dipping) process at a 0.10% loading. The fabric was then allowed to air

30  dry and cure at 248 °F for 3 minutes. The fabric was tested for water
repellency according to Test Method 1 and 2. Resuits are listed in
Table 6.
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3 520 (69, 328 Pa) Comp Example H 1 383 (51, 062 Pa) 20The data in Table 6 demonstrated that
Example 4 wherein the nanoparticles were copolymerized into the polymer structure provided superior
water repéﬁw%ﬂﬁw‘bher hydrostatic pressure than the Comparative Eﬁﬁmﬁﬁé@%ﬁﬁﬁmng no
nanoparticles and Comparative Example H having non-polymerized particles present. CLAIMS What
is claimed is: Canfinmpe\Erangiegosition comprising monomers copolymerized in the following
percentages by weight: 5(a) from about 20 % to about 95 % of a fluoroalkyl monomer, or mixture of
monomers, of formu&irhp@&hﬁv%@(@h@@?&&&lﬁré)a&hbefmrﬁfﬁt@a nfanoealeiit partially or fully
fluorinated, linear or br nched 10.alk Itradlca ing from ut 210 aq]oul\loo carbon atoms;
optionally mte?rupltea% ogaB #% on@neOn faomns W erelﬁ ST &S OF carbon aioms to oxygen
atoms is at leastsapragta? el dnydfinst oxygendeamzadeziadétin gpdivotiex; R (2.5 ¢)js a bond or a

linear or bran t I| ou ing 1 15t0 a out 2 n atoms said linking group
optionall;slnt g@ggﬁfﬁ rcggtﬁt%)ir\rg?&%Yraog%a?gisze cte (}jréj‘t z group consisting of -0-, -5-,
-SO-, -S02-, mmfmcﬁaw@pnmrmmmﬂexas&gprmw!@o@me £hd saidnihkicgfgmeup optionally

substituted W'{B.& 5|)2_0|th resulting mixture was heated to 50 °C, sonified and then

charged into a flask equipped with a subsurface nitrogen sparge. The

mixture was sparged with nifrogen until it reached a temperature below

10 32 C. Vinylidene chloride (3.7 g) was then added to the mixture under a
nitrogen blanket and stirred for 15 minutes followed by the addition of &
solution of VAZO-56 (0.25 g) in deionized water (5.0 g). The reaction
mixture was heated to 50 "C and stirred for 8 h. A mixture of a sonified
solution of 2-ethylhexyl methacrylate (6.9 g), polyethylene glycol

15 methacrylate (2.3 g) and acetone (0.5 g) was then added to the cooled
reaction mixture and allowed to sir for 15 min followed by the addition of a
solution of VAZO-56 (0.13 g) in deionized water (2.5 g) under a nitrogen
blanket. The mixiure was then heated to 50 °C and stirred for 8 h followed
by the addition of hexylene glycol (b g} and deionized water (25 g).

20 Gravity filtration of the resulting mixture using a milk filter resulted in an
emuision polymer with 13.5 % solids, and 2.3 % F The emulsion polymer
was applied to SMS polypropyiene nonwoven fabrics as in Exampile 4 and
was tested for water repellency using Test Method 1. Results are in
Table 6.

25  Comparafive Exampie H

Comparative example H illustrates the formation of an acrylaie
emulsion containing non-polymerized acrylate modified nanoparticles. An
emulsion was prepared by first mixing deionized water (100 g), AVITEX R
(2.5 q), BRIJ 58 (2.5 g, 20 % by weight in deionized water), ethylene-

30 tetrafluoroethylene acrylate (8.8 g), stearyl acrylate (3.7 g) and acetone
(0.9 g). The resulting mixture was heated to 50 °C, sonified and then
charged into a flask equipped with a subsurface nitrogen sparge. The
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Xis -0-, -N R1-, or -S-; 20R is hydrogen, CI, F or CH3; (b) from about 5 %to about 80 % of at least
one of: 0) an alkyl (meth)acrylate monomer having a linear, branched or c c alkyl group of from
about 6 to*4B3It*E ¢bons; or 25(ii) one or more ionizable water solvat ﬁﬁ% re*&nd (c) from
about 0.05% to about 2 A) non- fluorlnated polymerizable nanoparticles, said nanopartlcles

incorporated exi@epatyses utoratcds@@mmtstmwmeﬁ thedtupepphlyenesioR: The composition
of claim 1 wherejn Rf %‘6 Zgn F(CF2 éCHZCFZ F(CE é(é:FZCF CH2CH2)&rn,
F(CF2)n0F(C% E: %OLEQ) EE@E%E%W% %&Eﬁ}ﬂ% éteinnis 1 to
about 6; x is hn@c@abwrﬁ(en a)cﬁaﬂrmcﬁferewh’tlndmfmmvﬁadlﬂp #isoati SitiandbE ds a bond, -(CtH2t)-
whereintis an i te er lene; 1-C4 Isu titu henylene; ethylene oxide; R5;
or (A)-R5; wh%? ?WQ g@ éﬁ(égogg 0 '8&%8 Z%% heﬁh é?ég Hd R5 is a divalent
radical salectet:rom mgf@m@@omm @ﬁdfs(t@wa)iom ICHR GlixiOeH2 GH)saiisd -C-(OCH7CH)5-;

uis an integer to a ut 4 nin t out 50: a 5R2 R3, and R4 are each
mdependentlﬁﬁkyﬁ %}’ me ((:)Baé) ')J Iyeﬂw ene glycal

methacry1ate (2 3 g) and acetone (0.5 g} was then added to the cooled
reaction mixture and allowed to stir for 15 min followed by the addition of a
solution of VAZO-56 (0.13 g) in deionized water (2.5 g} under a nitrogen

10 blanket. The mixture was then heated to 50 °C, stirred for 8 h and then
sonified in the presence of hexylene glycol (5 g), deionized water (25 g)
and AEROXIDE R711 (0.05 g). Gravity filtration of the resulting mixture
using a milk filter resulted in an emulsion polymer with 13.5 % solids, and
2.3 % F. The emulsion polymer was applied to SMS polypropylene

[5 nonwoven fabrics as in Example 4 and was tested for water repellency

using Test Method 1. Results are in Table 6.

Table 6
Water Repellency Hydrostatic pressure
(mm Hg)
Comp Example G 1 415 (55,329 Pa)
Example 4 3 520 (69, 328 Pa)
Comp Example H 1 383 (51, 062 Pa)
20 The data in Table 6 demonstrated that Example 4 wherein the

nanoparticles were copolymerized into the polymer structure provided
superior water repellency and higher hydrostatic pressure than the
Comparative Example G containing no nanoparticles and Comparative

Example H having non-polymerized particles present.

42



group containing 1 to about 6 carbon atoms. 3.The composition of claim 1 wherein formula (1) is

selected from the group consisting of F(CF2)n(CH2)t(R5)rX-C(0)-C(R)=CH2, F(CF2)n(CH2

CF2)p(CH2CH2)p(R5)rX-C(0)-C(R)=CH2, 20

F(CF2)n(CH2)X[CF2CF2)p(CH2CH2)*(R5),X-C(@)-&ffACH2,

F(CF2)nO(CF2)riCH2(GtH2t)(R5)rX-C(0)-C(R)=CHZ, and :

F(CF2)nOCFHgk2{ QB ¥X-C(0)-C(R)=CH2, wherein n is an integer of 1 to about 6; tis an
apout 10; — P,

integer of 1 to about 1U;

P, g, and m are each independently an integer of 1 to about 3; 5ris O or -

1; vis an integer of 1 {0 aboptiioropHiprifed & iR CHRpiesies dBAbHggroup consisting of -
S(CH2)u R2CH2ci -(0CS2Cl)s- R3  and -c-(OCH2CH),-; 10 u is an integer of 2 to about 4;

10

20

copolymerized in the following percentages by weight:

@) from about 20 % to about 85 % of a fluorcalkyl monomer, or
mixture of monomers, of formuia (1)

R¢1-L-X-C(O)-C(R)=CHp (1)

wherein

Rﬂ_ is a monovaient, partially or fully fluorinated, linear or branched,
alkyl radical having from about 2 to about 100 carbon atoms; opfionatliy
interrupted by 1 to about 50 oxyg'en atoms; wherein the ratio of carbon
atoms fo oxygen atoms is at least about 2:1 and no oxygen atoms are

bonded to each other;

L is & bond or a linear or branched divalent linking group having 1
to about 20 carbon atoms, said finking group optionally interrupted by 1 to

about 4 hetero-radicals selected from the group consisting of -O-, -NR1-,
-S-, -80-, -802-, and -N(RHC(0)- wherein R1 is H or C1 1o Cg alkyl, and
said linking group optionally substituted with CHoCl;
Xis —O-, -N Rl or -5-;
Ris hydrogen, Ci, F or CHgy;
{b} from about 5 % o about 80 % of at least one of:

(i} an alkyl (meth)acrylate moriomer having a linear,
branched or cyclic alkyl group of from about 6 to about 18
carbons; or '

(i) one or more ionizable water solvatable monomers; and

(c) from about 0.05% to about 2 % non-fluorinated polymerizabie
nanopariicles, said nanoparticles incorporated during

poiymerization into a chemical structure of the flucropolymer.
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‘s-is an integer of 1 to about 50; and R2, R3, and R4 are each independently hydrogen or an alkyl

" group containing 1 to about 6 carbon atoms. 154.The composition of claim 1 wherein the one or more

ionizable water solvatable monomers is selected from the group consisting of M10C(0)-C(R)=CH2,
(R1)2N-L11-0-C(0)-C(R)=CH2, M10C(0)-L.1 1 -0-C(0)-C(R)=CH2, ( .1(3_3 KP(0)[-L1 1-0-C(0)-
C(R)=CH2ik, M103(0)2:Li 1-X"€ @ eRRTUEA £ RS opperein. By ¢x&{SEmi and

M10OS(0)2-C(R 1 = i is hy Cl, For CE-I3; RlisHor C1 -
C6 alkyl; M1 is):;_\(%t;/d ?8@?@%??%’%??%%?@%%%@%@@ &iic linking group having
from about 2 toig(iayt 2 E«;% at ti interrupted by one or two hetero-radicals 5selected
from the group ¢ nsigzﬁ‘% -Ozr}DNg@f,F%gn,a%%@SE@Z-,f-N(Rl)C(O)-, and -00(0)-, and optionally
substituted Withp@d;ﬁg m i ' fuy; - IS I ope itional
monomer copolymerlzbéé?g ﬁ?ég f% Iowmg?qp@()a?c‘ié%pg;%} weglgﬁﬁ RIS g%é%‘%sémxa{%zﬂ%l % to about

35 % vinylifleneabloiatidiep Min drtOnh Engdea o Wild pestiaetpn adnikibue theref or  (e) from about
0.5 % to about 25 % of at least one monomer selected from the group consisting of styrene,

methyl-substitute @ iprshe;(Cittpgmeiistesntistitatethtsgene, 2bythoyyathyldmsth)acrgate,
ethylenediol di(meth)acrylate, N-methyloyi 15(meth)acrylamide, C1-05 alkyl (meth)acrylate, and a

compound of foﬁ*ﬁ?ﬂié@kﬂi@@@i@ﬂ@)rﬁm@@)}@@mIﬂ@()&X}[A}p—R :wherein A is a

divalent alky! of 1 to 6 carbons, p is as defined above, and RS is a
divalent radical selected from the group consisting of —S(CHo)y -,

10
R? CH.Cl B3
(OCH,CH)e, (OCH,CH),- and  C-(OCH,CH),-;
R CHACI
u is an integer of 2 to about 4;
s Is an integer of 1 fo about 50: and
15 R2, R3, and R4 are each independently hydrogen or an alkyl

group containi'ng 1o about 6 carbon atoms.

3. The composition of claim 1 wherein formula (1) is selected

from the group consisting of F(CF2)n(CHz)t(R5)rX~C(O)»C(R}=CH2,
F(CF2)n{CHz CF2)p(CH2CH2)g(R3)X-C(OFC(R)=CHy
20 F(CF2)n(CH)XCF2CF2)p(CH2CH2)glm(RS)X-C(OF-C(R)=CHp.

F(CF2InO(CF2)nCH(CtHat (RO)X-C(O)-C(R)=CH2, and

- F(CF2)nOCFHCF2(OCHCH ) X-C(O}-C(R)=CHy,



wherein m is 2 to about 10; 20R8 is hydrogen, a Ci to C4 alkyl, or CH2=C(R)C(0)-0-; and each R is
hydrogen, Cl, F or CH3; or (1) from about 0.5 % to about 10 % of at least one monomer of formula
(XXla), (XXIb) or (XXlc): OH2 - -C -C(R)=CH2 H2C 25(X00a) (R90)3Si-B1-X-C(0)-C(R)=CH2 (X(1b)
(R90)3Si-B2-C{lbrefrH2 (0(1c) wherein each R is independently hydrogen, CI, F or CH3; 5R9 is a
linear or branched C1 to 04 alkyl; B1 is a divalent linear or branched 02 to 04 alkylene; B2is a
covalent bond or a divggahliRess<rdiranshashii & C4 alkylene; and Xis -0-, -NR1-, or -S-;
wherein R1 is H or Ci - C6 alkyl; or 10(g) 1 % to about 35 A of any combination of (d), (e), or (f). 6.The

composition of claim % whetettethsr Relymedsablieimanoparticies are surface modified inorganic oxide
particles comprising an oxide of M atoms independently selected from the group consisting of Si, Ti,

Zn, Zr, Mn, Al, and comhipatidns trereatiairdapepaniytiolciryses 1asuace gsovalently bonded
to at least one group represented by formula (IV) (L2)d(L3)csi-(0)e-(R7)f-(z1)adc(x1)1r(z2)1-Q (1V)
5 ris 0 or 1;

v is an integer of 1 to about 4;

RS is a divalent radical selected from the group consisting of —

S(CHo)y -,
R? CH,C RS
-(OCH:CH)y-,  -(OCH,CH),- and  C{OCH,CH)y;
o - R CHsCl

u is an integer of 2 to about 4;

8 Is an integer of 1 to about 50; and

RZ, R3, and R are each independently hydrogen or an alkyl
group containing 1 to about 6 carbon atomns.

13 4. The composition of ciaim 1 wherein the one or more

ionizable water solvatable monomers is selected from the group consisting
of MTOC(O)F-C(R)=CHy, (R1)oN-L11-0-C(0)-C(R)=CH>,
M10C(O)-L11-0-C(O)-C(R}=CHa, (M10)3,P(O)-L11-0-C(O)-
C(R)=CHgzlk, M10S(O)p-L11-X-C(O)-C(R)=CHy, M10S(0)o-L11-

20 C(R)=CHp, and M10S(0)o-C(R)=CHo, M10S(O)-L 1-0(R)=QH2
wherein |

R is hydrogen, Cl, F or CHg;

R1is H or Cq - Cg aliyt;
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wherein: L2 is an oxygen covalently bonded to M; and each L3 is 20 independently selected from the
group consisting of H, a Ci to 02 alkyl, and OH; d and c are each independently integers such that: d is
greater than or equal to 1, c is greater than or equal to 0, and d+c is 3; e, f, a, X, and | are each

independently O or 1@&&%&%&%&@ r or branched 25Z1 is -NH-; X1isOQor S ; Z2 is NH,

N-C(0)-0H, N-C(0)- or provided that when Z2 is N-C(0)- or OCH2CH2N-C(0)- that Q
forms a 5 member he%eégoqycgji .ring represented by 1\i-C(0)-CH=CH-C(0)-; and 5 0 is selected from the
group consisting of a 02-C12 hydrocarbylene optionally interrupted by -0-C(0)-, -C(0)-0- or one
divalent organic group.4 1 . 7., The, composition OIEC aim 1 wherein the polymerizabie nanoparticles

have ethylenically un turSt8 PR & IPTS HRkng FErtiBdiadng ifemBrRuEiddRd from the group

consisting of (raéth)acly aesometsatesptiaeipides iumemissoas G tsabeaied-hydregarbons
including styrenes and substituted styrenes, vinyl, allyl and denes. 8. The copolymer composition
of claim 1 fvheRSiegied EpanihraruncannsiagicitsPavddn avGagSParti@Bsize of from about 10
to about 500 nm. , 9. A method of treating a fibrous substrate comprising applying to the surface of

the substrate a-MiBrolsderrempSLiam Mréiamianally substinioéstbiafate treated according to

the method of 20 claim 9 which is woven and nonwoven fibers, yarns, fabrics, fabric blends, textiles,
nonwovens, paper, leather, flfgscampesifietsof claim 1 further comprising at least one

additional monomer copolymerized in the following percentage by weight:

{d) from about 1 % to about 35 % vinylidene chioride, vinyl

10 chloride, or Vinyl acetate, or a mixture thereof; or

{(e) from about 0.5 % to about 25 % of at least one monomer
selected from the group consisting of styrene, methyl-substifuted
styrené, chloromethyl-substituted styrene, 2-hydroxyethyl
{methjacrylate, ethylenediol di(meth)acrylate, N-methyloyl

15 ‘ (meth)acrylamide, C4-Cs alkyl (meth)acryiate, and a compound of
formula (XX):

RS(OCHCH2)MO-C{O}C(R)=CHy  (XX)
wherein
m is 2 to about 1G;
20 R8 is hydrogen, a C1 1o Cq alkyl, or CHo=C(R)}C(0)-0O-; and
éach R is hydrogen, Cl, F or CH3; or

{f) from about 0.5 % to about 10 % of at least one monomer
of formula (XXia), (XXIb} or (XXic):

25 (XXla)
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20

(RB0)3Si-B1-X-C(O)}-C(R)}=CHo (XXIb)
(RE0)38-B2-C(R1)=CHy (XXic)

wherein
each R is independently hydrogen, Cl, F or CHg;
RS is a linear or branched Cq to C4 alkyt;

B1is a divalent linear or branched Co to Cy4 alkylene;

* B2 s a covalent bond or & divalent linear or branched C1 to Cyg
alkylene; and
Xis =O-, -NR1-, or —S-; wherein R1 is H or C4 — Cg alky}; or
{(g) 1 % to about 35 % of any combination of (d), (e}, or {f).

- 6 The composition of claim 1 wherein the polymerizable
nanoparticles are surface modified inorganic oxide particles comprising an
oxide of M atoms independentiy selected from the group éonsisting of Si,
Ti, Zn, Zr, Mn, Al, and combinations thereof; at least one particle having é

surface covalenily bonded to at least one group represented by formuia
(V)

(L2)aL3)eSHONe-RTZ N IC Nix-(Z2-Q (V)
wherein:

L2 is an oxygen covalently bonded to M; and each L3is
independently selected from the group consisiing of H, a C4 1o Cop alkyl,

and OH; d and ¢ are each independently integers such that: d is greater

than or equal to 1, ¢ is greater than or equal to 0, and d+cis 3;

e, f,a x andlare each'independent!y Oor1;
R7 is Cq to Cq2 alkyl, linear or branched

71 ig —NH- ;
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XlisOors:;

ZZis NH, N-C(O)}-OH, N-C(O}- or OCHCHoN-C(O} provided that when
ZZ is N-C{O}- or OCHoCHoN-C(O)- that Q forms a 5 member
heterocycliic ring represented by N~C(O)—CH=:CH~C(O)—; and

Q is selected from the group consisting of a C5-C49 hydrocarbylene

optionally interrupted by ~O-C{O}-, -C(O)-O- or one divalent organic
group.

7. The compositidn of claim 1 wherein the polymerizable
nanoparticles have ethylenically unsaturated moieties linked to the
pariicle, said moieties selected from the group consisting of
(meth)acryiates, maieates, maleimides, fumerates, and unsaturated

hydrocarbons including styrenes and substituted styrenes, vinyl, allyl and
dienes,

8. The copolymer composition of claim 1 wherein the

polymerizable nanoparticies have an average particie size of from about
10 to about 500 nm.

9. A method of treating a fibrous substrate comprising applying
to the surface of the substrate a fluoropolymer composition of claim 1.

10.  Afibrous substrate treated according o the method of
claim 9 which is woven and nonwoven fibers, yarns, fabrics, fabric blends,

textiles, nonwovens, paper, leather, rugs and carpets.
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