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FI ELD OF THE | NVENTI ON Fl uorine containing ol efins can

grafted onto pol yners cont ai ni ng 5 c ﬁ@ hydr ogen bonds in the presence
of a source of free_radicals. rafted pol yners have

uni que structures, GRAFFRYGEF BQ&XM@Q H.,yOR CARBON COMPOUNDS

TECHNI CAL  BACKGROUND FIELD @WHEEEMQNSOM ai ning fluorine
. substitution have t stlon been merizing one or
more fluorine cont 1 ?W@c% 6 l% Bf)farrbl?fa{f’r ‘f@“u\; X’ﬂ)ﬂg tE’GP}gnat ed

monomers. Bt |0§rbm+hydk03§mon¢mn tlpmpxymps of amtwrteoffyed mdipels. The resmidingnt s of
fluorine oft e Lis bl Eum ,gbOSQﬁfchﬁgs aﬁd’ at and/ or

chem cal resi s ance Oq’f‘igv\/gver & {-}E\Y%ﬁ ukgq)y rgzﬁya#:;vel y smal |
anount s of fluorine al so properties (conpared to

unf | uori nat ed Ongahiy petysders somdinmg ﬂiiohﬁé eﬁbsﬁbﬁto&%v@fxﬁm@ibhél@sb&h bei ng

TBki NG pol Sﬁéﬁé%f&wt 43 b oLy i St or Wi Bhonifie. oot o Gt o Rgmaly e
SUMVARY OROTHEwitinwEDripated monomers. It is Wéll kndwivthat palpmesnoatansing lpgecess f or
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the liquid phase a first mer with con
carbon with a Fﬁﬁlsﬁ?lnc‘f hé°W6YW°éy‘PfréFPT'@E@KP@1p’e¢1ﬁ'ﬂW élinﬁlﬂl Rfroungsy,
g[ld a] sour ce dff fluoeige aladioftenh Bave}d&ﬁta&ilﬂpropemes (compared to unfluoffh&ed ] and

err] are ea ent uor oa contai ning |
to 20 carbon 3% O)Lxﬂg'g)og&‘ilﬂ alltXreE s{i'l%éer]ﬁol%'t &% cir begng\fs&hﬁ%ﬁgetglast& kyl ene
cont ai ni nd31 tElemfoeafebs@ﬁlea@mffmwewthod;M impking yolymetsavith refptoely or nor e
et her groups Qewdldsyineaenteehidekingl. 1 to 20 carbon atons and

optionally containing one or and Yis
hydrogen or a functional grou f\ﬁ/{%&{{?bpgfﬁﬁ? ded that said
contacting is carriBds biventiin @ntmepmcassefoaprddhc:ﬁ@apartxallyi’mioﬂnﬁt@urCe of
free radicals (g éraE n%ﬁsrlﬁ%e cBﬁ’tg%tﬁ%l 1ﬁ1h€319$1u1d Phase ahﬁut polymelf \8} ﬁﬁ%n%n al so

concerns a poly nches

“CH err] - @A erl}YFG&:eé p}xqtq @rqa{hQPé’YlF acompaingiaf- the formula H,C=CHCR'RRR&Ys] and

RLCHIND,

Rlerr] are eacihdiadeieddeeé badidalsyheth: Or per f 1 uor oal kyl containing 1
to 20 carbon atons; ] Jis,fluorinated a | ene
containing 1 to 20 car&nangt%n%eg??&lg %‘Jﬂ’t' NG of BRI ¥one or nore

et her groups monmmyg ¢te2@ carben atomg; 1 to 20 car bon atons and

optional Iy containing Yis
ydr ogen %5 ° funct l Ongﬁa?gagﬂt& aki_he S&Réiﬂﬁnﬁvofa:%dzo carbonatomsand . C o

of said pdPymAPUERAIYGAIRNE PRE RHMBTs FYRET Eroups OFG"‘é’éH*BGﬁntalmng 1to 20
DETAI LS OF THecattsdEérh$dd optionally containiig o8k Br fRFd éthér 80 ad € Used, and

they are defined bel owy ;o hydrogen or a functional group;
and provided that said contacting is carried out at a temperature at which
said source of free radicals generates free radicals.
30 This invention also concerns a polymer, comprising, branches having the
formula -CH,-CH,CR!R2R6Y, wherein:
R! and R? are each independently fluorine or perfluoroalkyl
containing 1 to 20 carbon atoms;
RS is fluorinated alkylene containing 1 to 20 carbon atoms and
35  optionally containing one or more ether groups or alkylene containing 1 to 20
carbon atoms and optionally containing one or more ether groups; and
Y is hydrogen or a functional group;
and provided that a main chain of said polymer contains hydrogen bound
to carbon.



By "fluorinated al kyl ene” is neant an al kyl ene group contai ning one or
nore fluorine atons. 5 By a "functional group"” is neant any

uni val ent defined in R T. Mrrison, et al., |

Chem stry, G?er r]] ?ﬁsEd Prentice hall, Englewod diffs, %%%850346 p
167-168, and is an at om or gr%&hsaéplﬁ{ RevefgTbRes the structure _
of a particular famly of org he sane tine,

det er ni nes (at Heﬂeea@tl’tapdﬂm%arpweds aed theyp arsislefinedbelowhy f uncti onal group
present shoul d notpgi rhgshGk& al@ylené""lﬁ ﬂe@fﬂ)ﬁn%ﬂ@@i@r&ipﬁ&rﬂﬁﬂxﬁgbﬁe opuch as
the grafting described above, rnor should it result in any conmpound in
which it is pF’@%ﬁ]\'{°rB’8|aFF§n%nusabl y unst abI e. By "grafting

herei n" iss meant aByacirtibnalfgreupdisumednttany anivaleagrotp,rag defined inpol yrrer .

orafting mot eRuFeormssh &l Y OREnEIARMRIES 6 e prefRBUAI B HoQI CLfty |12
any conpound bW, B%8ep. I16dak68, asfd is an atorrg@mrpam phajoms dhat dgfimesdhe staigtie as
i oni zi ng radi afa Phtichihr £y drRfeantichiRiotndY £hd, at the s&RORMR! @derhdirssn@l | V.

then the graf g reac |ontakes pl ace. at . tepperatures t he
source of fre %F‘E’Z]l thedr RIPRETHICS- f‘dﬁ"ryrﬁ“P?tlé’@afgrﬂPE Rresent should not intetferé By

"cont ai ni iy ométhGiny ROKtempldiel regutionsach asthe grafiing ddstoribegl aboee,aror soudd RO
ether oxygen ?ésﬁﬁgn%% u?jh ﬁl}\/ﬁ{&ﬁ xtslggpé%mﬁqgmﬁ unuaably unstal?]e By hydrocar byl

s meant a univ alnrn ydrogen. By
substituted hydr oc&yb;graﬁleg h@alnt mamnayrxﬂm@@mt ok br@pcltmmwﬁglg one
or nore functi,gR%er! 9H@Hﬂ§a branch w1ll usually be HtRofeAt il NGoRaAF 61§ o€ £ ihebed
herein takes place in qui d phase. This 25 means that all of the

i ngredi ents af&® I?BWHE:CPfE[w d phase at the time of the grafting

reaction. lﬁowever Byl s*sdores ofifite radivalst’ ameait lany tormpeuridnayrotithr eretass ofist be in
the ehde B FrRY 3Rl 3000 A8k @thout Pinetie Adghlpanal | quids

must be pres r|n process The pol yner

i tsel f and/ or gepRsated thermalhy,dken th egraﬂertaﬁswwat C@rahmm%rﬂsﬁte l'i qui ds

and liquify t%lmﬂnersomémpﬂmhdmm&r@c&qo forﬁhﬁamaicatsr ee radl cal source i s
used, it too may b 8“|I

Comonent 5 bur i ¢ Byficobfhinite St SHBGR tr kRuBE mins soptainitg Srtidive | os.

and so unagl eetmrdxmlmnsmwmﬂﬁkylmgmmss Useful groups
Y include SO err) oy nORbR R Aot o R CRRD bR on SFbGaH ST errIM
and (1'13{)[e”] HS( E‘Lwe”% each err|

i ndependent | y THGtREER-a Bl Fhbssuted Bedogay xécss@sama drQsaEy| woue&ﬁ@tamwaqg 1to
20 carbon at orshe opfbrdfunctonaepioupgr oal kyl cont ai ni ng 1 to 20 carbon

atoms. In a preferrgd &m§§&%ﬁ%rde9&%\éﬁéreﬁ taicés Cpng‘équ%he li

preferably fluorine; UOT T oni §hase This

2 25  means that gl of therirgredjenss pes iRher liquidipkasp et the amqm%/tksz gr@iﬁeng) r ether
substi tut ed reactllaﬁr Ho%ﬁléﬁhiﬁ)ﬂb%t A 1198 BB O tle MeRHRhA AR Ye i He2) d-

wh d t 0.20.

Sour ces of fr eBtpaREHEse, nor dosSTH RN 479 e tigpal Hbids i bf RSSSlce

J. Brandrup, dsudhlasa ‘“BdlventPoduringrthé-prodéssolhe plyme} itklf andiartthe abrnatdd Sons,
New Yor kcon%%ggd tdPbe grhfteld xggy bd hgﬁ ] ulfyiﬁg oufel ¢ ]l'.:oneﬁij Ifa

Encycl oped| a of cl.enc Engl neerin John Wl ey
& sons, gge radical source is used, it too may be a liquid or d1ssolve in one of

the other components, but it will often be present in relatively small quantities,
and so unable to dissolve the other components.
Useful groups Y include -SO,F, -CO,R3, P(O)(OR3),, SO3H, and
-5(0),NHS(0),R4, wherein each R3 is independently hydrocarbyl or substituted
35 hydrocarbyl containing 1 to 20 carbon atoms, and R# is perfluoroalky! containing
1 to 20 carbon atoms. In a preferred compound or polymer, Y is halogen, more
preferably fluorine; sulfonyl fluoride; sulfonic acid; or hydrogen.
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p. 754-789 both of which are hereby included by reference. These "sources"

may be chem cal conpounds such as peroxi des or other neans of
gener ati ng fwe@osd@1g radi cal s, such as ionizing radiati on. MsteoIUSY8I0L946
chem cal conpounds which are sources of free radicals will be used.

Theseq conpounds may ﬁ%ﬁ&rﬁﬁ)?ﬁn &Hfdg%érolgmers @cdﬁ)}ﬁiﬁn@t’(@@@ carbBh atoR®! ance by

deconposi ng thernal ree rad i on of a

. c
redox coupl e t Brefaradarouns ROzue perflyorogikyjens or G%Eb?%ﬁg?uﬁ‘?wrg'f‘m&a&y € free
radi cal sourceahdespedislf d@efeﬂblym(dﬁgg, Ohhefefri disWto 2Rend CH,CORCFosef ul

sources 15  of fregoumeso 163 sh c%% &Fggpqogrﬁil ﬁgérg %g ‘Sng&&;@ per oxi de

and benzoyl peroxid ree radi cal source,

;relatively SmallBandruptes abyEd., PolymenHalaibloyk,LEéeEd HhoWiley & Sensalewt 25 nol e

percent, pref er\,%%)ﬁ g@%uh lltotlfl’ _65nd®. Rark, et al. f;ﬁﬁcﬁﬂéyclﬁedfm%'ly%éﬂ ng

nDIecuIe present Bein

amgunt OL %% ting
mol ecul e, H er SFk Eﬂgﬂ]eP{l&,rVPR[lérhh?Wd?ié&twsthW Yo > pol ymer

;W Il vary acco Ii)dvmmsoodtb of WHiRHAte eyl memhéa:wﬁ?éxemd Ritesse |'Sduedes? May
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ot he et £1 o Brehergealpmpounds Supf alPRRAECl G Tl ol Bndiifeifedd | =20
about 1 g 40 almilcalﬁ@ﬁkﬂlq;xomung raptiation: NOst commonliaghnmmaiomngmmd%wblqb 2000
g, of grafting gﬁ) gﬁ%Ln ?f f raﬁﬁa.?fwm%gru@é& efhesS &b b\ﬂgj)s may formm%le)fﬂa?lfzals

actually be gr

mer.. | n apot her roce dits
25 resulting Mlaymthqdh@rg?%‘ﬁ%éyﬂﬁwl%ége lé”ﬂ?%‘ Enradfcs °{ n

]1: : uorine t theé &H&lonrﬂfﬁeedﬁxﬁfo&pl&bb Yorthfeed ﬁﬂic@lsofrmmﬂﬂlagempﬁm bﬁh s
uori ne at ons (0]
{obout 150, fles rEROM1 soufﬁeelsr?&r%gemmﬁmd ?'?&%Ju élﬁ)ée ‘?#cﬁéa% a@Lc%fﬁlas% toes >

descri bed Hér eiof freg ragicals include egrapawids susheas tézuwlmhmedmdmnml m!toxmﬁ fer
so nuch deCOWPQ?hEb.gp% aﬁﬁ?h&ﬁ'a&)ﬁ £l radlem@aﬁrea r@lfanvakr%ﬁﬁllaahdﬁﬁts%é in the

presence of free ra s as to ren I na able. It
is well known ijufudlhyersgd.taboutdhl ?%?‘b%‘hi{ %&PWCWR&M@EY 570“" E?il mole
Encycl opedi a ofpeR@hly 6Ethe Sedfing motuedlelppeienelmingitypicabl . 13, John Wi ey &

Sons, New Yor 1988 M{@r ively
stable in the SIONRL gf(ﬁr%z%g@oﬁ%éﬁ&ﬁzsci%ﬁ% é%rﬁeﬁ orngdn teergo
chai n sci s€0on miwmtrcmﬁrwangace@rdm to thprraewnit of Hpb=gH Nv@l%?lveé%mey For

exanpl e |inear RMm&! 1h¥laRidGnt oF fda@uIbA] sBirce presenta§ncf tﬂE%fﬁd{&ic ofti@bl e, while
nost pol ypropyl en S are th unst abl e

| a
Nevert hel ess, Ng PEYCES; 3E‘Ig§°r9fﬁ‘§"t‘g°§f“ea'eboﬁbl §ﬁ%¥g°‘ﬁé>9 09 & memRrefsrabitier
sonme circunst arubeat 508qy toiabstt006 g, uhgmiting maledds perdd ofoungrafied (smitingd smal |

amount k31716
PCT/ US98/ 00946 Polymer agtually be grafied opig the F’Tlﬁi["er e ﬁf%?'rricg}”“éégagﬁ s

pol yner, oSy swsitingpalymes thﬁgmﬁt@ep fchfs more vg@g% atomsharcilvsinged.  and
the resulting |qsss Qlflorg?fe@‘&ﬂﬂ)l?rthé/\ﬁtlﬂ Uf hﬁdrﬁgaﬂaﬁ)rﬂs o Fla6rine atomB & 36Tk 3l@i Ng

jgrafted may be acce

I n.t nt enpl at ed.
Exposure to fr 8%y ?@Wﬁfﬁ %ﬁ%%‘p ‘ﬁlgg "?ﬁ? l‘é@m pol yners, depending on 5
the conditions. A sﬁhﬂalqlxmers whirhamay be sraﬁm}'lmﬂhS@rmS%@@eqbb@meéemsumce

cr fsls i tnke f' Ho e@wgr%% tHER% vhﬁcr;i@@h&%qffemmhaﬁa@aﬁ@ogﬁmﬁ8@ icalty &
;gvgn%ﬁge |3rper e@&%@% hg’“?%é‘ﬁbb‘?’?ﬁm’ “h‘?’f’ 3?3555"%‘% ol free ra%ggééatqyr n&%zﬁi)ﬁﬁéess
descri bed her ei product nfssablen Kicidl wetilkynown inthe drg sesfed 1martclaé1 Mark, ettahr Edng
0 e b ' e PPREEC SRS B Wl YRS 1D,
the free New York, 1988 p. 667-682, that some polymers are relatlvely stab e in the

presence of free radicals, while others may undergo chain scission and lowering of

35 molecular weight relatively easily. For example linear polyethylene is thought of
as relatively stable, while most polypropylenes are thought to be relatively
unstable.
Nevertheless, even “relatively unstable” polymers may be grafted under
some circumstances. For instance, when it is desired to graft only a small amount
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radi cal source to obtain nore uniformgrafting. Preferred
polynmers to be grafted include polyethylene, especially (relatively)
| i near pol yg&§¥&ﬂq2ﬁ6 pol yethers such as pol y(tetranethyl ene ejbEikos00946
gl ycol, and e copol yners such as ethyl ene/vinyl acetate copo(yner
and 15 ethylene/ nethyl acrylate copagl ynmer. eacts ans may be
perforned on tﬁﬁHgﬁ;ﬁ@['@'BéR§¥r€Pt°éﬁ? g&y%ﬁ’é oghaaligynounts of ’Jf?eeeaﬁ?{lﬁcgln. For

i nstance, funcgy@einagbedpsaied s abltiedresuiting tdseofmblemear weight@f any) in the
ttransformed into other. functi el 1e i :cation contémdliRfit ed pol ymers
. descri bed hereipﬂlyﬁﬁgﬁlé’gﬁgagﬁdgrg&g’r%%ﬁ?%g&rleegﬁﬂrxles?pplhr?até%l co coa@?ngs _or be
“used to form fil ms. Expespreve/frasaadicalnmey algocrpsslinkesomsana)wpes, depending onpy i £ y

t hose ot her 5poly®hditlona AGitBAtiontsubis as HhikGhaypdlsSbe dckeptablefisdel dresslinkedf t ed

pol ymers containjng functiqnal ,groups, may..be ,useful . as catal . ee for

i nst ance pgyﬁ%;q Wéy]ﬁae esired. For fnstanceif uﬁeHaPﬁé:agygﬁﬁ ee@s%eﬁglﬁ@%%,i Tent s,
the foll owi ng abdssienkiedtpolymser aiay heswdidvafage in recovering the polymive affétruse.

3- et hyl t et r ahydr of, ur . : : | Lo g

cal ori metry HRAa2H 1 #E process dﬁ%rﬂzedrh?r%% ?cg\‘?%lr%c%g b%ﬁ‘iéegmagr mué?@ﬁ‘l’h

Mv - wei ght avetatieg palywen| Inthiginstaaee it may be desirable to swellthe crogdinkedg poi nt

30 10 poly® wittP@lons SaBp&irder Wit BYC=CHCRIR2R6Y and/or the Ree- room
terrperat ure her npgr avi netri ¢ anal YSI' S

. . TGA - 1
THFE - tetr ahydrrG‘F‘G?léﬂurce to obtain more uniform mg ot ng point (for a pol ymer)

35 . In al | PicRrradablysess, to b grafed tinahederpoletindene2 egpseially/ mi n, unl ess
Zt herw s \3\0 98/ éic}%}gfeﬁg linear polyethylene, polyethers such as poly(tetramethylene ether)

PCT/ US98/ 00946 glycol, and ethylene copolymers such as ethylene/viny!l ace@mpm{- apd
Preparati onsOf ét%@ﬁg[w&@%@wﬁ,&[ err]CFlerr]CF[err] SO err]F

[\ Tonene. and - agiegeBpaneL patenpey oh B i Sk U esthited O

210[ err] C for Srehaions Fobinstantd, ftrictinnaligréips grafted onsot the polymeemegbe3 g of

title compound, %ﬁgf&&- +6 bineFfithctidial arbdps. NVR. +45. 0 (t, J = 5.7 Hz,
1F), -82.7 (m % : -53% %m 2F)c, -1%%.55 m 2F), -1 9.3&(%, J =1/7.0
Hz, 2F). The grafted polymers described herein ma BERplding resins, in

Preparati om0 &ddtiggy, brbtideldes firfaileist [The}-ray bl Cldnded jvibjother pblybikrs to
L orferr] O or r ) gy Phofe pheth et BhatalBliicS such as qurface propees, Grafied, o
was sl owy addepolg®ers containing fingtimahgnopphmaybe byef)ins gatalysts; edor @stapes over
6 hours. The r egﬁ;gr%nlirhxt ure was
In the Examples and Experiments, the following abbreviations are used:
25 3-Me-THF - 3-methyltetrahydrofuran
DSC - differential scanning calorimetry
Mn - number average molecular weight
Mw - weight average molecular weight
mp - melting point
30 PD - polydispersity, Mw/Mn
RT - room temperature
TGA - thermogravimetric analysis
THF - tetrahydrofuran
Tm - melting point (for a polymer)
35 In all TGA analyses, the heating rate was 20°C/min, unless otherwise
noted.



neutralized with conc. Herr]SJerr] at O[err]C, and then poured into water
and extracted with ether. The ether |ayer was washed with water and
dried - over WoSfgntis] . After 15 renoval of the ether, a resi dpeTwiss/00946
distilled to give 65.3 g of pure product, bp 115-117[err]C. [err]F
NVR: +45.1 (m 1F), -82.5 (m 2F), wviENER) . 112.5 (m 2F),
-118.0 (m 2F). [err] HNMR 58060 :

EXAMPLE 1 OfIC 2R QCHAGFSBpF o 1 ]

=CHCF[ err] OCF[err] QE&ﬁscﬁﬂreSSfmrg &t &F CFZOCcmpzs‘(wr orseg sEmbharlanti t t ed

ol yethylene. ( SbBEhCERER2 P hHed inARlFiaiR 20°G pER b Ditthdp 8D,

3000), 16. 35 g ﬁnfenﬁx{wgqveolso:s[mfrt]tmz:[ompo}mmﬁpd&?rm/érkadeeNMB; ahd 60 nL
of 2- dj,chlqr n t t at rhhghly jeveegat ed
and refil I ed w{t gﬂ@fqﬁ 927 rQE%VmFer llJl§t‘}\r,:(zﬁf sI} a/as( ‘heated to
140[ err] C unti Hzadh). of the poI yet hyl ene 25 di ssol ved, and then cooled to
120C. A solution of 1.23 g of di-t- I BXRERIMENTIXe in 20 nlL of

i1, 2-di chl orobenzene was slgowlé adﬁg, i ddition was
corrpl ete, the reaction m *—m&—mﬁﬁ?g@ﬂgt solution with

white solit® was poﬂioedtitrnd solati ofl 13612 @te3 ood) afo preci pitate the pol yner.

50 ' tenporat B(rje i O FCE SO mmﬁmg?'éftd%w CupssimIpalliandt &1 (900
cnierr] (s, QrOEfFB)N at1 9 891@0’"&&? BPH“]S er%p?‘?n mEXtFREWEsal anal ysi s

reveal ed that h&ﬁrdﬁ@éd/ﬁ?&h conc. HZSQQ at ot C\esd 3hdfoused ints watehhwdextradtedat ed

t hat | ent ht 8

Vel ti ng pont - SHAE LG pbRpye e asBEh yigh warer g are@oRHNERD Pt .
TGA was at 1380@@11:1:\]30)1' the ether, agesidue3®as distilled to give 65.3 g of pure product,

EXAMPLE 2 S5, nm&m& ghuepal ip, 1%9'5\;@;& th eRe Vi, BF), 112.5 (m,

CH CHCF A f - ked
e 1 -Grort oo L G ﬁﬁﬁﬁafgé%ﬁ%?&% funnel was charged
with 7.5 g high density polyethyl ene EAGAMPEE 1Chem cal Co., M Iwaukee.

W, USA), M= 125000 : — p
CH[err] =CHCF[ err] CF[?r—ri Jo i CRaG s G CFRS0F
5 W0208/ 31716 A four-necked flask ﬁtted with a condenser and an additional funnel was

PCT/ US98/ 00946 charged with 715 i 4 ?etﬁﬂbeé GRRREQRRax PH-180, duhﬂaeaapéaght MSleVElSy

FRRIEREE o R S s TSR e e

then cool ed t o 1728kkiordbengener pfier deapparatus was pattiallp evacuated@hd refdiedokitli . 23 g
of di-t-butyl %.géo‘ﬁ p&véﬁl memé)ﬁasi vﬁas‘ﬂeﬁ@h% P&?@ﬁﬂﬂ aﬂ'%? the %olfééﬁi}ggné’ver 7

h. After the a tion tion m Xt

130[ err] C @ver risgpived 'Pﬁé tl'FﬁBtCOQIGFlGQ 18 Gui A i5oltipR @f§8§|&%f%'§)“ﬁ6m’F@6143nt 0 600
m. of acetippe nilOof¥, 2didhidrétiedzéten xlowBaddydibedt SMRSARe the addnhen

BXANPLE 3 10 s eBmplted the reacrBp e Ml et Beli JRERRGEL T g

' Pol ymer white solids wisqanres info @mng of icatone tgrpaddipithtp tiieypnolymerf Exanpl e

gt | r2r 2dga?f r gg'ﬁlltratlon and1\5a§gﬂp)gl1%?c§§cgﬁ abe whitdholffs \?—}hgh =TaTa d%léﬁ}-act) ?(ﬁorﬁ"at e;\f ‘t"’gf
removal of Yol é?’FP%%mret’HgB‘F‘é’é? thve 163, Q%?gé f&@&?’gﬂeﬁ\}f@g c1469|€fn & 30

E

‘1

i
3
H
2

3
i

m nutes, filterSaF)Vi205dd10cink (spCe). Ebdnantal ahdlysis rSlealed dhai theepblpineS0[ err] C

] in vacuum for 24,1 k8 3@4%3&1“11?, Whilh itﬁl%ait&isthatv&hmle%PWe%hp §f the polymer per

-SO,F group was 813. Melting point of the polymer by DSC was 115°C and 10%
weight loss by TGA was at 380°C in nitrogen.
35 EXAMPLE 2
Grafting Of High Density Polyethylene With CH,=CHCF,CF,0CF,CF,SO,F
A four-necked flask fitted with a condenser and an additional funnel was
charged with 7.5 g high density polyethylene (Aldrich Chemical Co., Milwaukee.
W1, USA), Mw = 125000), 16.3 g of CH,=CHCF,CF,0CF,CF,SO,F and 80 mL
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pressed to filmat 135[err]C

EXAMPLE 4 Preparation O A Sul fonic Acid-Containi ng
Pol yner A mixture of 14.0 g of the grafted poly

2, 4.5¢g ofwﬂégfsﬂég 50 nL of ethanol, 10 nL of THF and 3 f"%\%/at er was
stlrred at 60[

and_t t rni ght.
After removal % 11 le‘gfﬂ?a!f’fqbggzehF eéﬁaﬁ@eﬂ%aramals vl ?ﬁ@‘w& ﬁﬁﬁf%rgdr’fgﬁ ﬁg :‘ gr 40
m nutes, filtevidoargovasdverhl timek, thmflask wasdheatgd ta-30°C until all gfithedri ed at

70 Ci f t
10[5[62; ]r] CI gng p%g{%i%@ Qﬁss vad %éﬁ%a&ﬁdgo 9253EI (%9{)! ﬂ&ou%l@%x@hg \évgls| ds

oss n N2
coul d be 25 SBW&SQ& {288&" fdi-ft Ei’ P&"QS EI“P iliﬂfér%h‘tcﬁim%h?éﬁ%l‘ﬁasr eveal ed
that catal gst zaaed aengd. After théadtﬁﬁéxswis‘dwmplemhltltt&rebﬂtbmbmdetvhatheitbe

pol ynmer acid e ent
EXPERI VENT 3 %(Y% overnig h\’\@?ol\?ho?ép%} gge golégQ%s aﬁ}n'ed é?tg R g&L
Pol yet hyl ene 3§ aceta‘matoqmcqu;mthe polymer, whlch was cut in the presence cpfewq,t]lce ina

Pd blender to 16V\Z] % of fine % ower polymer. 6 WO 98/ 31716
PCT/ US98/ 00946 rein BAF i's
tetrakis(3,5-trifluoronethyl phenyl )bMQSZ g, 0.2 mmol) was

di ssol ved 10n 200 nL CH[ d?reﬂﬂticmr@ﬂA|Sulfan180¥ﬁcbﬁ&nthimgomm drybox. The
flask was conn ' :%g briefly
evacuated and refi I@gﬁﬁéré&f?g%?bﬁ%ae%ég rrom-t Eﬁé‘h OHQB%M S was
stirred at RT Unwibrof ethenlps mis of THFae@ﬂwIeﬁ%W4terrquestﬁredra@rmo| (1200 niL)

was then addedei@efahite soérﬂigh%d\mﬂgdfc forZh r fdtréB6vdl re,fpaaﬁle@uh@}dsmeof an
oil. The oil was isolat

O ern by o Eo st BOS Db NEO R e ARSI S e
vacuum gavis 40HGI afd driedleat 609C in ‘{aenmrjl o\ rmve/67 g df Gblidy, whidhuld e 124

getlh)lllz égm ; 'E&Sgg)poogﬁwse@e carbons. [err] 0.8-1.0 ppm -CHerr],

. 1-1. - and - The_pol yner exhibited a glass transition
tenperature of -63C by DSC. GPC im%fdystyr ene standard): Mv =
108, 000, M = 69, 800 PEPrcpdraﬁcﬁ} Of A Sulfonic Acid-Containing Polymer

anf\ (I\)/P Hzgﬁl y Br anche h’%%%ﬁé’f gf%ﬁ[p%iyr"l‘grl[gf?g%h&@ﬂaﬁ%%%@%?ﬂsIrre]ng

of Experirdht 30 (nla)fet}ga)lobﬂﬂ mL of THF and 3 mL of water was stirred at 60°C for 5 h,

CH err] =CH( CF[ ﬁ'fcf thed Arbbielsh; a&ﬁfh}a dvebdipreOlagiet }&&ﬁpolﬁv@mlgp r&idiiRlas Wer e
di ssolved in 85 nL H%f benzeélle adé 2h err]
o- di chl or obenzEsAekWith £oRe, ‘@(R'Sﬂ“ el @vashed with Water And aq. HCl,
and dried at 70°C in a vacuum for 8 h to give 13.2 g of solids. MP by DSC was
105°C and 10% weight loss by TGA was at 230°C in N5. The solids could be
25  pressed to a film at 135°C. Elemental analysis revealed that catalyst contained

3.19% sulfur, which indicated that the polymer acid equivalent weight was around
1000.
EXPERIMENT 3
Synthesis Of Highly Branched Polyethylene

30  The compound

He” \“ BAF™




(2.8 g in 30 nL o-dichl orobenzene) was added over a period of 8 h at 125C
wth stirring. The solution was then allowed to stir at 125C
overni'ght. MO#E7ihen 20 cooled to RT and was poured into XGE/GHI8/00946
met hanol with stirring. The oil was i sol ated, washed with 3X100 niL
met hanol and was dried under vacuumat 70[err]C for 6 h. A yellow

i il (38 f th
G orr] oo er 1] WniintRab et dn SRR Ry ﬂf’%*’a*éi"'fe@’ﬁ?@”mm" o
Cerr]C[err] WaS/\ihswl\telden 200 mL CHpEhyrinpSchienkfesking qrybex. 1“@? flavywasng

met hyl enes (1. éoxﬂae&ecpm s¢meiﬁ<qme%dahegﬂa'sktwa35hen sy Evatatabaridasfilled 13. 0

mol % [err] rr. r] ppm
- 86. 04 ppm fll‘g’/ﬁé%ﬁ:\m 11{731 S}Sﬁlﬁf’kgﬁ? E@gb J olf‘: underlOlk%%&%hl bited a
gl ass transiti ethylessfoelathurMdethinol $E0003L DEG th@P@k(euHF the solutionpwhicht yr ene

st andar d) : PPh&oil whdisolated, dissolved in 500 mL
EXAMPLE 6 30 re§31te%qur4¥€bxfaB§&oP%go$on Cfl ) gozfsesl u%soSl\ﬁft)nat emCOnt ai ni ng

i Pol yner hexanes andTqs fijtezg @EPL\Bblsil’ﬁélge]ofEVER%‘i‘ﬁP% oEhexpmesand dryifgs i xed
with 10 g KOH, ynder vaculith gdve Wofg of&@eaerbxleﬂﬁmk aafsh (@Dzmg)erm Sidthyls ng t he

i rr ng ald RrPR0D Setymeceribety pUNED pbmCh P Bpmo T B S

was then evapofae 9dlymdexh1bmiajgtassttrmﬁoﬁ temratureKife 63 by IS GRE
dissolved in 4 :ﬁz}&g}; mﬁﬁd mhég, S\f@sa Mnl £ 86,800 tB15 Qugds Cel i te.
tTo t'hefiltratgﬁbnaﬁ;p e 4%'{1)’1 )T s mxtnure was filtered through
Celite[err]. Evaporation of solvents Mk@émdryl ng gave 17.7 g a
brittie yell oW _Grafting CHo=CH(CF5);0(CF,),S0,F Onto Highly Branched Polvethylene

orange sol i hi's S r solution is
neut ?al 9 based. ?—loghly branchet po?yetﬁ)ﬂene ofeéxpenment 3 } lt3 V\?an VPLE 7

Preparati on O CHSAH(CR,pOLCF 5,805k Q%g MR mmei) wée dissolved in 85md. product
of Exanple 6 ( J&i@-ﬂ?%b@% ﬁht’(ﬁ%%" 9\*?) Qlc%rfﬁféﬂ@%oluﬂ% of t-bu 1 &’oﬁld\é’as

vi gorously stlrre eresutln e W th
2X5 mL conc. H@ &8 3@mle g-dichierobd V&’E’Eﬁ)ﬁ‘{aéta %‘ieFP@eT‘B égh tlng%sng lid

(8.5 09) rritip! dhaedlution was then allowed to stir at 125°C overnight. It was thekXAMPLE 8

o Barig thypéf%%‘*ﬁ S R0 L B

sol ution of t- dselsted, yeas #h 0¥ 180 md. pethanal @ad was dried underyacuum at 70°C
0-di chl or obenzgpeg hW@xSye‘-ﬂbQW'lycoﬁggﬁ ﬂ P4 §) Wy dﬂtdlﬂé'tl ofordp@bsofl f fegral  (Mv

:ullgozgf) f mor |‘3éh 98:”2‘819211_(51@8 ﬁgg{%{ F’é‘r?&gog;llg)fewéggﬁ : E)lnewas
115 conpl eted iintegrafs df. mekhgs $(b8-l]t0 ppm)/m radthy] e (ﬂd b4 ippmindieB¢doa gla@® f or
another 6 s . comgnifBbPliR ol PS8 i mzuoq‘)ﬁmizgénjéﬂ 443 g;gfﬁn dgs,hul | vacuum

ifor 5 h, Ieawgg te Vi SCOUS> 0P ct. [err]F
FNIVR( CD[ err]d[ i]2)ppnu48@4 PP -11&d{rRem.-H 74 ppm, erefécspa PoRes ppm
-112.8 ppm - 1]e‘ihﬂntﬁ@ﬁlglagfﬁgﬁ%@diﬁtemgbﬁt@@bﬂfﬁc by DSC. ei&PClXTIHR;i a gl azs g).
.transition tenperatur - 0] tyrene standar
‘Mv = 27, 800, NHPOLYS S_yfexg-o%andﬁsg 1\@&6 00% EFBOO ZIQD RY. 9T
EXAMPLE 9 Pr epar at i orEXAMRLPG assi um Sul f onat e- Cont ai ni ng
Pol yner 30 Preparation Of A Potassium Sulfonate-Containing Polymer
The grafted polymer of Example 5 (23.64 g) was mixed with 10 g KOH,
70 mL THF, 60 mL ethanol and 5§ mL water. Stirring the mixture at RT resulted

in hydrolysis of the SO,F group. After stirring at RT for 2 h, this mixture was

refluxed for 6 h. Solvent was then evaporated under vacuum at 60°C for 8 h. The
35  solid was dissolved in 400 mL acetone. The mixture was filtered through Celite®,

To the filtrate was added 400 mL THF. This mixture was filtered through

Celite®. Evaporation of solvents and vacuum drying gave 17.7 g a brittle yellow



To a mxture of 9.67 g of the product of Exanple 8, and 2.5 g KCOH was

added 20 nL THF, 15 nL ethanol and 1.5 nL water. Stirring at RT resulted an
25 exoth ction. This was allowed to stir at RT for S
then refl u%{?ﬁniﬁa r 5 h. The solvents were evaporated ungkmsggﬁ%% The

solid was extracted I ltered

t hrough Cel i té’f@rglg]sml? O-Hl \f%ltcifp%&%?ve% al%%&m I-a[%;e lgg]é&\h/\gérﬁlsﬁﬁué

filtrate was duasksld 130 nlL THF. Th| S was filtered through Cel |te[err].
Evaporation of the solvents and dryi BXAM@EE vacuum at 30 105[err]C

over ni ght gave 8.8 g of br| ttI I'T.ow so This product dissolves in
water at RT to forma s 10 (gf;g%. °mg3[£}iaL———%——L—. swontaining Folymer
EXAMPLE 105 The product of Exdanptie &1(53.0 ghway mike@withod(l mLAficdaCdCai ni ng

Pol ymer nlgs Wé%"@ﬁ&s‘%%?ﬁm@ &“ortllieh pﬂle%?u{tmi%fsoﬁé gﬁ? lf*?texged' Gvaé’helfdl

added 20 nL co A i r for
20 nin at RT. mﬂﬂms»npd;l@kanddneduné@r\@%&m@& Cfm@hpﬁor@ééehfé(%g)repeat ed
anot her two tiyWRSobsshép 15 nL of conc. HO . The viscous oil was dried

at 105[err] C under full vacuum for 6. dark red viscous oil
(2.41 g) was obtai ned. —&—&4—@5‘—&
WO 98/ 3171®  Grafting CH,=CH(CF,),O(CF5),SO,F Onto Poly(Tetramethylene Ether) Glycol

PCT/ US98/ 00946 5
The pot assi um sal t o? 0 duhhl%robfnzene solution of z-butyl peroxide (0. 65%&7&61&)

CH[ er r ] =CH( CF[ &m] 9—9@?»1@1(@:%@? WRS slewly sstded torg yolugionraf FTMEG (MisFy et hyl ene
(15" nol f’(OhOf ggﬁlf?(ﬂﬁ WQQ"S']ZQUE)SOI effe Sdnda@) THHY m-cl)-@ﬁ}hl&%edlzéne . 56f gl uble in
wat er . e po ene 0 [0

OH e 1] =0H( oH TP ik (@Ep@%ﬁt”é?‘?&f&fﬁ PV REORE 1 25 fadi ¢ h a
Pd cat al ystX 8. ®lwtmini%asf allowed te stiren b2EIC fok/hnathcﬂrm OValatiles were7@vapoited s not
very soluble igp %Bﬁ under full vacpum for 5 H)RaPRk Y8R SIS YiledulBile tEéiE al yiSt

was nade by usin oun

10 25 ¢ hrogutal SN 2Cho 465 Rpm. 050 B pTar 2 pP,

CH F; r] =CH( (Cjil-l[ anlals);ipm J-) (Fppiaf CF} pédk]s qmaymkbémisbﬂefia glasfs traﬁﬁiuBng, 7.26
mmol ) were disgolved in ; | )

drybox. The flt;g}? &gnne?t-bé'ﬁ gcﬁ?{eﬁr”ikdp%} eng%@n?%é).f skzz/a%ge’t hen
briefly 20 Mrﬁtbhﬁ%l’&ﬂh”éfl |l ed with ethylene fromthe Schlenk |ine.
‘This was stirred at RT 15 under 101EXRMFIIE¢t hyl ene for 72 hr. Sol vent
was evaporated after f'rltratl di ssolved in 10

m. CHerr]dJ[err], fol3 ‘ grtranol . The upper
| ayer was decant ed Tb"laemx&weoﬁ%&bgefthelpr@dulcmfﬁmmpﬂea&emﬂ@oﬁgKOH was

added 20 mL THF, 15 mL ethanol and 1.5 mL water. Stirring at RT resulted an
25 exothermic reaction. This was allowed to stir at RT for 1 h and was then refluxed
for 5 h. The solvents were evaporated under vacuum. The solid was extracted

8

with 100 mL acetone. This mixture was filtered through Celite®, followed by

3X10 mL acetone wash. To the filtrate was added 130 mL THF. This was

filtered through Celite®. Evaporation of the solvents and drying under vacuum at
30 105°C overnight gave 8.8 g of a brittle yellow solid. This product dissolves in

water at RT to form a solution that is neutral.

EXAMPLE 10
Preparation Of A Sulfonic Acid-Containing Polymer
To 4.23 g of the polymer of Example 9 in a flask was added 20 mL conc.

35 HCI. This mixture was allowed to vigorously stir for 20 min at RT. The top layer

was decanted. This procedure was repeated another two times using 15 mL of

conc. HCL. The viscous oil was dried at 105°C under full vacuum for 6.5 h. A

dark red viscous oil (2.41 g) was obtained.

——
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two nore  tine, followed by vacuumdrying to yield 3.68 g of a light yellow
viscous oil. GPC (THF, polystyrene standard): Mwv = 120,000, Mh = 78,900, 20
P/ D ="1. 54. womsistmesnover nunbers for ethyl ene and the conononerT/@5s8/00045
and 195, respectively. The polynmer was hydrol yzed to produce a

sul fonic acid cont ai ni ng pol yngiAMPLE 11

EXPER| NENT 4 . izat] Et h
25 In a drmf RARssiupRRItof 8 fydiolyzed EHo= c §{%§(§€2)%9§Fr%%€léco 9), o
' THF/ 3- Me- THE  (pafyettylem! (134nol%0ef gftedrogmaaeiner; Mawiwyak,600s Mi0=50,10D) iser e

~placed | BluibleAR whter! I'He é)%%klﬂﬁeﬁlt\@fm% @d?%zrerd' ﬂﬁfogﬁg:opé%;n%% ﬁ?t i rring

t: for one h at roo e dry box

and the poPy nEQHZE@H@H?M(Cr}T}z))MpﬁnhS@eEI"We piith acRrbieatalpst(8e mpis ofwat er (1. 00
nL) and et her coﬁlﬂoﬁx‘éf IMWM@Z(BO@)OMHEWQG@) 1¥h§twfddl§élablle(i’ﬁ‘“@f&1 the resulting
filtrate concentrat reduc Vﬁ@}ﬁl % a é}' hed under.
vacuum af fordi ng 2'"6PY B PRI € a%?}?/aﬁwgfg‘a pey using thespmpoungy, -
11300, Mn= 16800, PD = 1 48.

9 What is clai mpd inge CHy 1 A process for

producing a partially fluofiN W co I §i ng, contacting in
the liquid phase a first polymsr wth/ cowtains/hydrogen bound to 5

carbon with a conpound of f{he B\ HL &Y CRlerr]Rlerr]Rerr]Y, and a
source of free radi ¢al § 28‘" . - Rlerr] and
Rlerr] are each independently I“pe or| p roaﬁbkﬁl cont ai ni ng

1 to 20 carbon atons; is fluorinated al kyl ene
containing 1 to 20 carbon &t ons—and 10c o\géﬁ al Ily containing one or nore
et her groups or al kyl ene cint aining 1 t5 3 carbon atons and
optionally containing one @ nore ether gr oup ; angd Y
is -SOerrfgF, -CHerr]Rerr], P(O(ORerr])[err], SCIerr’]H -SJerr]Mor
-S(O[err]NHS(O [err] R e wher ei n; ch R3 is independently
hydr ocar byl or? §B§ FatRlY ¢ %‘HJ (4208 &aP 894 mumpl) a‘@o‘ﬁﬁmﬁ%ﬁ@*ﬂh@zﬁ@(@&ﬁﬁ

at o[)ns (3.5 g, 7.26 mmol) w&baissc]nve(sxmmﬁﬂ.m b kya Setleileflagkngal to 20

car bon at ons;

provi ded t hat drybo- o dask,was cf)gnegéelrwrté)g ﬁ]l( gf’e gnmﬁlﬁ’vﬂ? Qleatb“ﬁﬂ-‘( ch said
source of fr eeewaa'eﬁt@bmsl rgﬁH with sthiylese fnoadihc Schlenleline. This wag stirréd at RT

pol yner,  15COng{def 1 ®WOkPa oi*lar &ﬁet%r 72 REVEdMent Wal Bvaporated aft? filtdtfbn. T
-CH CH
and Ee[r et ] L oitsaBR o tﬁif {4 'in&oer‘ﬁzélzo&‘aw Priadditipngf 100 mL Her

contai ning 1 tmetk@nalafhe Iuppérdmste;r was decanted. The reverse predﬂﬁlﬁtlbh was rédededi nat ed

al kyl ene cont %xﬂgre]nrﬁgaﬁlg el 1ﬁ€% %?ld gé)é LPRAL ixtayeglont al ning one

or nore et her groups or cont ai OSN at oms and
optional |y cont*#§o¥ /Y. }I?'F[ﬂo Sﬁtrﬁé’rs"@dé@[) Mg 5l 20,000, Mn = 78,900, Y

is -SJ errdoF, PAOGEers4] Rﬂ@ftﬁr}mvd?(n%ai[f@f thy b 4rld thSEbBOAdhEr are 2098 and

-S(O [err] NHS( 95[ (raers{) c'?r[vefyr ]The polymer was hydrolyzed to produce a sulfonic acid

containing polymer.

EXPERIMENT 4
Polymerization Of A Cyclic Ether
25 In a dry box, the product of Example 4 (0.50 g), THF (3.0 g),

" THF/3-Me-THF (55/45 mol %, 7.00 g) and acetic anhydride (0.50 g) were placed
in a 20 mL vial equipped with a stirring bar. After stirring for one h at room
temperature, the vial was removed from the dry box and the polymerization
terminated by the addition of THF, water (1.00 mL) and ether. The solids were

30  removed via filtration and the resulting filtrate concentrated at reduced pressure

and then dried under vacuum, affording 2.91 g of polymer. GPC analysis (PS
STD.): Mn = 11300, Mw = 16800, PD = 1.48.




-SCBM; wherein each R3 is independently hydrocarbyl or
susbtituted hydrocarbyl 30 containing 1 to 20 carbon atons;

Rlerr] is pevblgggiﬂal kyl containing 1 to 20 carbon atons, PCT/USI8/00946
Mis an al ka nmet al and provided that a main chain of said pol yrer
cont ai ns hydrogen bound to car bon 3. The process as
recited in aimil wherein Rerr] is per%iﬁuer“oalkylene or et her
substituted permlaﬂalngﬁldéﬁe 4, The process as

to 20 or -CF[err] OCH e 5. roc ss as
recited in d ai fPnta hag@.éiquyt]pplymeg with contains hydrogeB ound tp,

pol ymer as rg&ci cadon with acompdunt ef the forkjubs H) C+-CHCRERPRPY ] dridar sojircewtidireei n
dis 2to 20 orré&alse’ghg.ie%lﬁi[err]@[err] and Y is -SQ2F, -SO3M or -SQO3H,

recited in daim1l yhep E%:::é?& &ripkoduling (a(gakti iy Iosihated pﬂ@ﬁfe?'d&mpnsmg dis 2

wherein Mis an tal 10 7. The process as
recited in O aim3 wher el aydiR¢ areggpirindependently fluorine or pgrflucroatid pol yner as
recited in C ai gom EtdQﬂa%dﬂatbxﬁs perf | uoroal kyI ene or ether

substituted perfluoroal k ner as recited in

Claim 2 wherein Rlerr] ﬁp?rér}allﬁsd)a[ﬂgll?r}e °°W?EWé‘=’r hto 50 B2 ggmsapd 50 of
- CF[ er r ] OCF[i@r r jopEpmaily] contammg one or more ether gdups orfdiieylemd gomtriniag Ine@bt ed i n

Caim2 wherein chb'o@atd%g g't:io yzé?mtaxmng one drore em?gfb%by g as recited

in Claim6 wherel
Yis ydrogen or a functional group;

and provided that said contacting is carried out at a temperature at which said
source of free radicals generates free radicals.
15 2. A polymer, comprising, branches having the formula
-CH,-CH,CRIR2RSY, wherein:
R1 and R2 are each independently fluorine or perfluoroalkyl
containing 1 to 20 carbon atoms;
RS is fluorinated alkylene containing 1 to 20 carbon atoms and
20  optionally containing one or more ether groups or alkylene containing 1 to 20
carbon atoms and optionally containing one or more ether groups; and
Y is hydrogen or a functional group;
and provided that a main chain of said polymer contains hydrogen bound to
carbon. ,
25 3. The process or polymer as recited in Claim 1 or 2 wherein RS is
perfluoroalkylene or ether substituted perfluoroalkylene.
4. The process or polymer as recited in Claim 1 or 2 wherein RS is
-(CF3)4- wherein d is 2 to 20 or -CFyOCF,CF,-.
5. The process or polymer as recited in Claim ! or 2 wherein Y is fluorine,
30  sulfonyl fluoride, sulfonic acid, or hydrogen.
6. The process or polymer as recited in Claim 1 or 2 wherein Y is -SO,F.
7. The polymer as recited in Claim 2 wherein RS is -(CF5)4- wherein d is 2
to 20 or -CFZOCF2CF2- and Y is SO,F, SO3M or SO3H, wherein M is an alkali
metal.
L35 8 The process or polymer as recited in Claim 3 wherein Y is -SO,F.
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