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FLUORI NATEDAROVATI C POLYMERS FI ELD OF THE | NVENTI ON

The invention relates to fluorinated aromatic polymer
woaopasimeons, generally with high | evels of PCT/US2005/009605

fluorination. The invention further relates to nethods

i nvol ving polyner nelts of aromatic polyners for

fluorinati i VIS t E)YN% Al so,
the i nvent @ﬁWF??%uu onfggsgg) met ho sSf or
fluorinating aromati c pol yners. BACKGROUND OF THE

I NVENTI ON Fl uori nated pol yners have found a range of
conmerci al uses. | OF TITHE INVENTION

pol yt et.r af l.uor oet hyl ene. ( PTF ' ' o] :

B0l RSB R i Gt By ualEbS oS o AERER S pkraly with
higANeelsf MsRiaton. C Qhkiifemtiodi fafdksrselatdshini methdds Arvdlving polymer

ot her products. PTFE has been found to have_desirable
meltsopferematic palymewrioaflworinsting dba srematic gipups g6 the polymer. Also, the
. resistance. t [ 10S] ] . il
b5 NG BB 95K RePBaTI S AhorBat ARt it

i nclude, for exanple, polyvinyl fluoride) and

pol y(vinylidene fluoride whi ch are [

protective coat BffeKGRY St

pol )ﬁﬁ&’?nql? ofg&ﬁéﬁ] 1498 BndPhashbe Dt RImERR] NAYE NinOparticular,
~mechanircal strengths. In particufar, aromatic
pobybiyafhrobestiaylese (PAIFH) awkichiig bormmeenallyssalé ag T hfonSandeother brands,
argmati c pol ymers. can be c&g;ballin
c

haye foundrd w1dg| pngeert URAT 304 W@Fqsbﬁ]pglg%%s pyd.other products. PTFE

had%3kd ARl (BBGDEALGAbIPsBP&GEEE &5t coRbROippEsRnd MFRTas Gesistance to
pol'ynmers can be processed using desirabl e processing

cogmpive achesicaBomné x dwpbiity. s orfethde sflwerinatedp alojyraers  @fncommercial
.be .processedq as a nel i n.extruysj . | di . .
SRR R e o R RS ) f0epane muordo.
wRieH afd\Refull iEproRiedliVOEYatides. THE | NVENTION In a first

aspect, the 1nvention relates to a conpositjon :
conp®n dieghenrhaad crremiiéc pelyyeesrhaxp fonnsrusaas plastigsfhat can have high
chai n grou i n ich at | t ..ab cent G i
bR ol ey SO AR CBR, p bih. impac
stthbihs2 $dHerakeahied pslyhtetd tae b . crystalihe ror heemiasystaltine, which can
the invention relates to a conposition conprising an
comtrihie fo the desirable mechanical properties. Also, some aromatic po?ymers can be

processed using desirable processing approaches. For example, some desirable polymers
can be processed as a melt in extrusion or molding processes to form a range of desirable

forms, shapes and the like.

SUMMARY OF THE INVENTION

In a first aspect, the invention relates to a composition comprising an aromatic

polymer with aromatic side chain groups in which at least about 25 percent of the side
chain aromatic ring positions are substituted with a fluorinated substituent.

In a further aspect, the invention relates to a composition comprising an aromatic
polymer with aromatic backbone groups in which at least about 55 percent of the
backbone aromatic ring positions are substituted with a fluorinated substituent.

In another aspect, the invention relates to a method for fluorinating an aromatic

polymer based on a polymer melt. In some embodiments, the method comprises reacting
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pol ymer with aromatic backbone groups in which at
| east about 55 percent of the backbone aromatic ring
woasistitons are substituted with a fluorinated PCT/US2005/009605
substituent. In another aspect, the invention rel ates
to a method for fluorinating an aromatic pol yner based
N2 P85 YIEL: Fehta o § | WBRser thNBudfaBOthe pol t
a g%?rpr?%lgés_ eact i n"béﬁ%“i ug??nag?@%gé ggent IV\tAbt h a nelt eo?O ymer 2
poﬁﬂoﬁiﬂﬁﬂgﬂﬁﬁm@hwﬂﬁﬁngo fluorinate the polynmer at
positions along the. aromatic ring. In_.a further . .
aspdet, fuﬁ}%@f 35H sn&’? 6?1"%5‘8?]? Rerhung g’ %Hﬁg{oﬁoy r hgrgmatmg an aromatic
pog%nyé}rﬂagé%f & sGRtish el FoR iy Pl mRAS Blsdifle 8mBeditienithe method
'Hw aromatic polyner. In sonme enbodi nents, the i
comptisexreadingrd fewrinating tigeny veitlf fuatonabic ipalymarydn solifion tg fuorinate
aromat.i ¢ pol r i.n solution to f.lugrjinate the
th%\?TBH?’&le @o&ﬂ%g&)os tpnagiqnlgit %@rogﬂagﬁél ntg%ie aromatic
rlngs._DETAILED DESCRI PTION OF THE | NVENTION It has
been di scovered that advant ageous %&%Perties of

f 1 uori nat ed DiETAdEI DESCRIBTHINQR, i nat ed

aro i olynmers. .Ln ' r . ' '

o oG R o BV p LS A s can
acRiES wath AddeinBRl Wiehatidyolihersp|ia gartintarods ddsudbddnizreid, aromatic

substituents onto the aromatic ring. positions of the1
podymaerathiare prsinyatisr grovpfeinsthe gerephynify %ﬁ%ﬁ TSR olgy.tl%erp acement of

can e resi 2 I i e
B
re§iMigs \WRbERatéd® pelyheentcan Beanatearsistant tvachenscalfdegtegation, more inert

ynmers can contrihute desiragble properti

0
wl%p RSP A€ @gntlg@‘q \yﬁ]@ pther aybicles;ap mgre ﬁgpgl@l%bgff{}%rgfognaﬁc nature
ofg Eh:%ag?%ﬁmew gk, \éghﬂﬁﬁteﬁ}cdeﬁﬁ%ﬁagfﬁﬁhie%t {oe e MusAflated polymer. In

. fesl stance. some enbodi nents, it is
paiigailirabiogndtio gadyrhersmat hevé highr vakadsi efrmeshanivel piotngieand abrasion

f.ol | ow | i zation.. By fl.uorinati .
cSeastoe 15 PR PR oGl PRy B6 e ofa Bl FRfon of e
p@%gmgpﬁg% PGWZ@&&I@ A5 flhbinatindr the I}Eigér,e lai @hgd OF desirable,

desired ‘propertiés of t
cdmmenciafigt madilghik yarematia polyerese cat be delssted zy;),thehgarting material for

S5 e o i PEAR PR L 578 SRSkl B o e

sdllcHER 9F 'tﬁé%ta%ﬁﬁgpsmne& hewknaFBtib@mgahe flasrifdtionrdonditieds during the
product. In selecfed enbodi nents, the fluorination

palpact propessingystapffor thedomatinaf s Yuesinarediproguetuhi ch
ts E re(a)]rdjg ?ﬁ‘?ﬁﬁ%ﬁ B%B&I#{g}ee%{sg thdTrfodidlfioh | MRS | REHEEIS a polymer

melt in which shear can be applied to mix the fluorination reagent through the polymer to

obtain the desired degree of fluorination. In additional or alternative embodiments, the
fluorination reaction is performed in solution with a solvent that can dissolve the aromatic
polymer. Articles can be formed from the fluorinated aromatic polymers. Suitable articles
include, for example, carriers for sensitive articles, such as electrical components, fluid
handling equipment and portions thereof, and components for electrochemical cells.

As used herein aromatic polymers have an aromatic group within the repeat unit of
the polymer. An aromatic group has a ring structure with a resonance stabilization energy
relating to a plurality of unsaturated chemical bonds. Aromatic groups include carbon

rings and heterocyclic rings, which can include, for example, nitrogen atoms or sulfur
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obtain the desired degree of fluorination. In
addi tional or alternative enbodiments, the
wohousriimati on reaction is perforned in sol uti oRCWiUSEN08/009605
sol vent that can dissolve the aromatic polyner.
Arltlcl es can be formed fromthe fluorinated aromatic
ol yaer ... Sui ' ' ;
oY e LRt BobbELEg SRt dhe AbnEU A oyplic structures
Wi@lﬁ@&@?ﬂfaﬁ, %ﬁd wing imandédrjagatealisprosnte, aadh pasr bicyelse, tricyclic ete.
t hereo and conponents for electrochem cal cells.
ExpagestRihyidrpcarhome PRatfoBipHRY Gcfilelo5 PG P Gy gyt benzy!
Yidshi Nt RE2hetbtdbciif 5 Ogbéﬁgg-' ARdar esrtksmple, furanyl
grgrl%supnl%a%%éésfl ngﬁestrh%ct urgl_to\_?\n%tlﬁ r solrr11an_cé pe, TR
thﬁjphh%yﬂ,l matdéjdrgﬁeuq:_&r gly agakﬁnat%dma;, phevarainiatiy gofup can be along the
nsat urated chem ca onds. omati c .groups,incl ude . .
Dol ERGPPeRPORs Al BBy FioLP ARSI ¢ PoLRer 66 chain. IF an
ar{)fﬂﬁﬂiéj %‘?ouﬁ A VANAITRhE polthé0 858kbBhE MEheOpol§hlef Wadkisyi®. can further
n addition, aronatic groups can be single ring _
cosiprisetlineasonbrapohedcgrolips  $1 igandral; @sondtichgieppe ctthha syhdituted to

re{aﬂa{;‘% ﬁyﬁ;o%eé ? q?é)rlﬁ%:\% d | ozléérgi%e%%l ogrg)ﬁg% ﬁvsvgfr%gﬁac IhLeC 8¥eg%rgscase are

fiddHrlatéde Inf QA& ATRA QrorRRRN Youp AR HehibstithRd zil logg @siise aromatic
Exanpl es of heterocyclic aromatic groups include, for

natwawp e, rirfg gravgy is not kewpreargsd. pyrrol yl groups. In an

aromatic I r he ar i I . t

A S
pcB0sidesP@inyBEEhasadi@i Al dynan hferage EfabiBitze,Ci.gr GHR:-ivehere X is the

w thin the pol g.rrer backbone, the pol yner ,bacﬁbone fcan
palymeikspeat vty Watch| qan dsrepsiesantedon e appreRfiale chgmical formula, and n
- general .. ar: t . i .
BB BB LS SBRLRBoR bt b A vl
clahe 1S e The casagardaainl lengthnanhedterivitivelr bé expassedan terms of an

aromati c group can be substituted a t he . .
avaragReleclg i BhioRE the ROl [g“ﬁ% 3s iugecfﬁ% ‘%Bg%p‘iogfﬂ”s?%‘im aromatic
. e ol . i i i - .
i Rl (REJOERS B2 Sl i Blydly e o o i
ch\?hhﬁé)aeﬁch‘mg' frem thy palymey backhene h@emeraliyz ¢he polpmer prppgriies depend on
ere X is the, polynmer repeat it, .which be., .. .
behe s Bp AT rnsreokethL il §f FAF aapop of chin
sizcy/1fole ei?ﬁ‘@.t The d?s’ﬂ’ilﬂi{f;og@ﬁg la@éragé‘&la% Sitz& b&iﬂriﬂ%ﬂdéﬁ%nds on the
e

I ntegers characterizing t ynmer chain length. T
canditimgeisechtn formehephlyomn i mey hatdiffienly toascsxipinghs distrifption and

terns of an_ aver.age ecul ar i aht of, .t he .
avVERAES POl WEeE; Wrﬁ&h? Ie%ﬁ?liy\gées?s { age R Cligﬁ) Irtl%/ezgrropemes of the
pAYRUP sBPRGhE ?glﬁ&ﬁ!ﬂfﬁ&ﬂg géhﬁi dimelt of in S10Heh. t hatHeeyie commercial

e

backbone, and/or on a si
polymers may only be characterized roughly if the producer does not release all of the

available information. Furthermore, the polymer may be crosslinked. Crosslinking
involves chemical bonding between polymer chains with a corresponding increase in
molecular weights. To distinguish small oligomers, the term polymer, as used herein, is
presumed to have an average number of repeats (n, above) of at least 5.

The polymer compositions of particular interest have at least a portion of the
aromatic ring positions substituted with a fluorinated substituent group. The fluorinated
group can be simply a fluorine atom bonded to the aromatic ring, or the fluorinated group

can be a more complex structure with fluorine atoms within the structure, such as a
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chain extending fromthe pol yner backbone. Cenerally,

the polynmer properties depend on both the average
woheisnigioze/ aver age nol ecul ar wei ght and the PCT/US2005/009605

distribution of chain sizes/nolecular weights. The

dlStleutiOﬂ and average chain size generally depends

the canditjo L form t F -

oo b hL sHEF SRR, A FrpCaRERS dehedEUT W available
rixﬁgabusgﬁ@nscﬂamnaw gsa fisbrinkited@youpn! yvhitabds tingioeitiobs sredpositions

on the properties of th I .
olphe BIecRP R STWBI BAIcHaYF OBt U Hir R dphelved i the aromatic
b GAHELE RhaRe! YRS BR¥% 16 BRTRSs BAtksZ € ArHuQUERYH ¥xample,
o!%?i gg?pb?)éguge%‘@oeg otegrea?élégse al | of the avail abl exmlpe .
ndptifadéngainoteculeFCyHh ehasoeight avwlaple yinprposiipnbe A naphthalene group

b%@ga& i"?n 5 ?Wﬁ&toqst E’Jél:e %Ian g]?ql? ns\é%l&r\g S?aégigf?nm%é:sﬁtlboqg ?FEI?C:?Q‘%’S position is
rely Bl k&cwrﬁﬁ%@egg}b@ td e héﬁdﬂ%ﬁ b SO R bide| dhgi@MeASaphthalene

e termpo r,”as used herein, is presumed to have ..
granp hurdaigdomgthegrolyherrtepldzne hen sixatygilahle ppsitipng ey tve positions

The po r osi tians ticul i_nt . -
el T FopE PS50t e U B S o CHEH e srou i
inSHReY id HEBShivht Rodlihk, UnRisialat8thoSeSialltble BfongHtieting pdttions. Any

fluorinated group can be sinply a fluorine atom bonded

arboatib @ositionrshat és mvekyed ar bensking pfitheibasic AOLERBHUERIEE, p&- polymer

a re c Lex structure W th j - tons within
bﬁcﬁgg’%‘i ?ruf’gl(:nﬁ’?c@,i( crgﬁ%lﬁ& SN g?tr(foglflﬁl Sllreg(rarlgfuﬂa% ﬂeagr oup. In sone
enbodicARallf , tha tflubfiagkd akmitic2folpaesedtsciifedt ltein can be formed by

avai l abl e ring positions are bonded to a fluorinate '
anyt epnyoachy afpaBranplp.ntheedymens @né?‘fef%%@ii tqs&gsh‘é‘? % monomers

t he ar ' I n i . : .
e R
top AluyiRite HRE lpbDMeer caftet rths Polyrkeizafibu prodess. &itmspby, peaforming the

napt hal ene nol ecul e, CLOH38 has ei [

; ei ght avail ab
fiperination aéter POLYRBRERIRN e KIg: OGS BerRIBRCIHL 30%%@% bt selected as
stgrtﬁl:gqﬁatglti]zﬁé Borlas ﬁ&gl%?ioﬁ\fgdclti@ﬂl ThP IRbHhAY TbHEE cAMhen focus on
posfFtion 1S require or bonding the group to the
agiidwing the desired rfivohieatiindpropbuien of Ahn aptdubiapelsmeyr dfiprosslinking is

baonded al h | back i x.avai .

DR G PrES G OK -GS OF B0t dBe BHC TN AR

gr oURLRlRBENAtRA ROLASBEN BapkiTamed ihfa FdlymEPPRItioF vaifiBh R polymer
ﬂ In a}ﬁ I

i s involve chem cal crosslink, this also renoves
salution. abhe flaomiurioh ceagenigcandssi eongrived with the petwmer melt. In a polymer

sition that is jnyvalved in bonding of the basi
fh b s Bt HRE e aHoR o BonrtSp RS g ensure e
16695 Hoh e Sotardts ardQistEBisl @Roeeh teaidiphtto effectuate the desired degree

of fluorination. For example, the shear can be supplied with a high shear commercial

mixer or with an extruder. The fluorination reaction may or may not be combined in one
continuous process with the procedure to form the final product. For example, an extruder
can inject the fluorinated product formed within the extruder into a mold or the like for
forming the product.

In some embodiments, the fluorination is performed in a polymer solution.
Specifically, the polymer is dissolved into a suitable solvent and the fluorination reactant

is added to the solution under appropriate conditions to perform the fluorination reaction.
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Generally, the fluorinated aromatic pol yners descri bed
herein can be fornmed by any approach. For exanple, the
weoabosnerm2can be formed using fluorinated nMONORETAIS2005/009605
during the formati on of the polyner. However, in sone

enbodi nents, it can be desirable to fluorinate the

ARY! %orﬁ’ﬂ{letﬁ;nt ?ﬁ éﬁe?ﬁu&%a’fi@ﬁ .rljegé'%itoP? hePf0GESRed PO er RYn be removed

pertorm ng uorination after polymerizafion, a
frdrakigssohanger fftheproesssédaintopthk pitenate pedlube sel ect ed as

71 UorReTaTR GPaeeN o e HRRTRUIC B AR TR (b ure of he
ﬂtg)gi?lhﬁ&{j offltPQ Fr YRhti ORoRHORRS. t 118 Sgedbral, NhePfl@sGkion reactant can be

yner. It crosslinking is perforned, it can be = |
seleetefl dasaidort ééoexempik, thengadiviaf thercontpesition of iheafiwsipation product,

reaction. The fl uoripation process can e [
oS8 o, vt OB TRa RaRe ST o) e
cobt, URE b akdAfler QASeHorfimfioR feae IRt repldchidropficatonlsyatogen atoms
mel't, hi a polyner nelt, shear can be supplied during
anilhe saotyl dydoegea plomsi o thtreditiq sings Stitle fueene atoms.  Other

re%%#rg%gu%%%t%gef ;tﬁ% f E}Zc{}tgg?rﬁ ga?%rgé S&g | ﬁ)lgt %Pontlﬂfc? Lfg&st B8th fluorinated

Sired degree o

hyldkdtafionakiogps of #he BkaNIR, flidihatdichydrocabdie grupplcarde linear or
with a high shear commercial mxer or with_ an

brendhed aliey] gTowwss Whishimat plomay &k eoBpriTeagther fURgonsb grqyps, such as
conbi n in j.n '
oS GOR SRR En el ARy SRR, IRERDu R conftrBf PRREHAgen toms
in@a?itiiogjt@ﬂ;eﬂdwinélatblfmésj.nat ed product formed within the
extruder into a nold or the |ike for forpging th
pr odtiza degipe S¥nBusHzEem r%ﬁ?@l,lytq??éel? SuBRi ﬁ’]ét ‘?g‘@ﬂlp‘lf% the amount of
rped._ i . ' . i fi
AP0 R, SOLKIBE B8t St o Vi ot
ddstritsed ladih genereliy canbe usedaboigiforon dnlyedesiveditiégyee affwerination. In

appropriate conditions.to f . fl i,nat i .
SO GIRORIAGNLS r (heo FRNBRS BRSO ATe Resep el chBIGRS HRfkinated at the

Naﬁi‘&l[eia aticho ddidffongat ed polymer can be renoved from
the solvent or further processed into the ultinmte

pr odElobrindfiva aththeipoimers gposrally ssulis in Beoolymesr pradedt dhat is more

react ant  det erm nes .t he nat f t f| [ ' :
repRGon RO T Brgaunte: R gunarrovedaettifiseP bR md optica
pﬁg&ﬁEQnThﬁé@r&ﬁc&%ﬁﬁé@ﬁpﬁﬁﬁé dluetinatb® hredatpdrebe indee long lasting
reactivity, the conposition of the fluorination

fop rowse end/ohpresidengore psatectiontfaecaorapaneatsgssacked with the product along
w388 bR RAERD BRERbORISHA A P pashucite i
ligIPWARS ddOgRRaBlk FOF sohié hpglnatiahonBue to improved performance, the
articles may be reusable in some embodiments. Similarly, the fluorinated polymers
generally are water/ moisture resistant. The fluorinated polymers can be useful for
forming products in which moisture resistance is desired. In addition, the fluorinated
polymers generally are more inert to most other materials, such that sensitive compositions
and corresponding articles can be contacted with the fluorinated polymers without
adversely affecting the sensitive article. .

A variety of articles can be formed from the fluorinated polymers described herein.
Some articles are of particular interest and can have improved performance due to the

properties contributed by the aromatic fluoropolymer. For example, the fluoropolymers
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and/ or hydroxyl hydrogen atoms on the aromatic rings
with fluorine atons. Qther reactants substitute the
waypdisagen2 at ons on the aromatic rings with fl uscrnat®d009605
hydr ocar bon groups or the like. The fluorinated
hydrocarbon groups can be |inear or branched alkyl
cafl M B&mﬂ%ﬁﬁk@ﬁ C&Boﬁ%\i ﬂ)?c% COIPE} 36 ShRbndudiGt AR, These
groups, s as oxygen, sulfur, or nitrogen atons.
cabiofs lja&r |d¢sighdie t@ pootpst thenwefenp fiose aoviréaty ] plysivahrpdschemical
in addition to the fluqrin tons. The.degr f
askabligr PWAKT R GEn B AP RRIDGHAL O, STl Arigs Dol 6,520338 to
BEEPENE OfntiRACHANES Catrlt® HAAE NONowOIYledah& Bua@ddg, héncorporated
reaction tine. The processing approaches descri bed
hebein diynredieraereal Ty additiomesanse duidohgrsling rsystgmy e glesigged to handle

degree of fluorination. hi, so emodi vl . :
COEIQ SﬁomeFﬂélog?.e%Z)g §1%eﬁ?isgftp§1s,2% r%fqgr{eeﬁlley@%%% otPil%gtuel%F a{]tuormated
arsﬁlsti@gawn?e%.e F%E‘%fn:pfé, i feiclp@BhiidcoTEl systeinrbnabirosivefiquids is
the polyners generally results in a polyner product )
destritiedi forther ia USs Peteahb,406,260 énbleananjeipl a gatitlesh Quigly Connect Fill
has |, nproved chani.ca hysi cal a i cal
SHRGbor Eelore P bany: SOERIEEy {SntRHL Rrms, somnogents of
el R HEGhicEPE1RE sUBRr £ BadReled, 2Bctrolyzberand efuslecedisdéar be formed from
provide nore protection for conponents associated wth
palyreepmatgriels. alletegsoma of thpse GOBIRARERALS efherygg qrptgﬁyatf:rmow, such as
._preduct.. pol [ r LSl :
o Yl B8 TR PR PISRBAEA shopy B i
th@liﬁl}&%?ri iiptegivied The :rcgﬁigﬂﬁme of tatheelantiochéesalmegll bey or may not be
reusabl e in sonme_enbodiments.. Simlarly, the .
RGOS SRS ERERERTiY Sebairbicaaptey b Bolymers with
cq{nﬁﬁ&tﬂeaﬁﬁer gﬂ@h fal Hﬂéte\]lq?&?&jerp%y%ﬁﬂﬁct%%a?ﬁo&ﬁ@@ﬂérsf ®r example,
ormng products in ch noisture resistance is
grdptite @carbon ek, t Switubld ¢lectfdchemicahtadlic tsgnclude, for example,
quapponen

generally, are re.inert t st.. ot her terials...such
CIPHERoS oRfieh SR PBRBAIFondUEhaSIL SPPBaRSIY Artg TeiPtib g difther, for
ey&?fgﬂéeinc%. & @sE9o60e TkHQE i dallednBaby MeViskinkt $tedtlds For A
adversely affecting the sensitive article. A variety
Palfymar Electrelyteddiombeanedrinempdratschhetesn by trfetenes: ed

pol ymers descri bed herein. Sone articles are of

particul ar interest and can have inproved perfornance
FRUR bR BT RERRRIchses contributed by the aronmatic
~TTucoropolryner. For exanple, the fluoropolynerscan be . .
adv afiha gemeticyfluonesiyoeratdescribed dictein have & arogpatic group within the

posl?rrrrrlleg ?erf)%gtcltu%{. Vﬁ‘lfeeprrgpert-ll-gsegﬁ the polymer can be selected to provide desired

properties to the particular product. Similarly, the degree of fluorination can be selected to
balance various factors, such as properties of the polymer and processing considerations.
Within the constraints on the polymer structure with respect to the aromaticity and the
fluorination, a wide range of polymers can be formed with fluorination as described
herein.

The basic polymer structure can correspond to any of a range of fundamental
polymer structures. With respect to suitable polymers with aromatic side chains, suitable
polymers include, for example, polystyrene, which is a vinyl polymer with phenyl side
groups. Suitable polymers with aromatic polymer backbones include, for example,

polyimides,  polysulfones,  polyethersulfones,  polyarylsulfones, polysulfides,
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carriers are designed to protect the wafers froma

variety of physical and chem cal assaults. Vafer
woanesiierm2 ar e descri bed further, for exanple, PATAWSB105/009605

Patent 6,520,338 to Bores et al., entitled "Wafer

Carrier bHaV| ng A Low Tol erance Buil d-Up," incorporated

er.ei refer L H [ j i
O T R
po};ﬁflphdn&ﬁe sgﬁﬁleﬁr’@lyetlﬁerhﬂiﬂe,bﬁodmﬁb ipabjestetsp susdheas pelyearbonate and

uorinated aromatic pol yners. For exanple, a quick.

pokieifzlene terpphthalate) rﬁOP%'W{%% thgegof and oy ‘ihsfeaﬂs & Pidggrange of

rt ' . R .

bl BRI pBARfe 0 IS o it

enftedihenty\thesef milymers .caithéd be bsed sostartingnpyaaals opthe fluorination
el ectrochem cal cells, such as batteries,

Pre¢c€et rol yzers and fuel cells, can be forned from

pol Y[H‘:gen { €ihd BloBertich BE theSARinAfed!fAfRerCRIMBOREME Properties of the
ei the rr%%érat \%ater flow, such as In a fuel celspl ,p or

podymerr etititgamiaterial west ovell wat e AUEIARASIFRN PTOSATS- pelhe properties of
signifjcant functi,on for,t ol r ' The:

o BB 5900wt YRR L1400 BSLY TG o B podu

FR&tRLREI Prodidy if oRAMG! iepollanee iy bdledted entlaad b \sufficient average

can be introduced into the polyners with a conductive
méletiler weighict paevide amppnyominse meshaniesh siengthy é?VhégrfBbﬂther products a

owders, .for e e [ ite. ca I :
oY 5P eI AL S iRl B Bk, smpmens,
pdABR! BaveCAE alérage sdlecullatetveipat lof hit leastrabplia268. Détes, in other
cel | conponents are described further, for (ixa le, i 61
erthimpats ehiead 2668, QA0 an pedienal spbagimenggtleqsp ppott 750 Daltons.
[1] o Ck' n [1]
On{hS 1840 M5 AT RS S BBRRCR onrly
lef@ PO 10,000sDAlensamaivat fucthét ernbodimeytivet deadeaut B&H00 Daltons, in

fu?tgggérgb&?q\ﬁgmggﬁ gagt?%:g:g? §&[g§(5] ba‘fgﬂtlﬁzar&jﬁ h(ﬁggro(%%ﬁgscﬁlgents from about
75 8(5(? Ii%aﬁtﬁng % Pagnglw %0 %blr]ggltcﬁfs.o Pandd, Ghe tdégfe'faeof aromaticity in the

par ar p uct. Simlarly, the degree o
pdlimier inflathes theapolipecspopeatiesl $ombatcaratis podymers san form crystalline

L i o BB e SR PR, ney o o e
oS HLHGFILE U e AL oS ERaL s BoTelael, in o
erhbodimentaiat heakt st AAtwaghtapsretat and beﬁlrﬁ@f ampodiments at least about
40 weight percent of the repeat unit corresponding to aromatic rings. A person of ordinary
skill in the art will recognize that other molecular weight ranges and weight percent ranges
within the explicit ranges are contemplated and are within the present disclosure.

As noted above, the aromatic polymers can be fluorinated on the aromatic rings in
several possible ways. For example, hydrogen atoms bonded to the aromatic carbon atoms
can be replaced with fluorinated moieties. The nature of the fluorinated substituent
depends on the nature of the fluorinated reactant. In some embodiments, a hydrogen atom
can be replaced with a fluorine atom bonded directly to the aromatic carbon. In other

embodiments, a ring substituent is modified or replaced with a fluorine containing

substituent, such as a fluorinated carbon containing group.
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The basic pol ynmer structure can correspond to any of a

range of fundanmental polyner structures. Wth respect
woaosuiliebl e pol yners with aromati c side chai nBCT/US2005/009605

sui tabl e polymers include, for exanple, polystyrene,

which is a vinyl polynmer wth phenyl si de groups.

Sui t.abl I
| ﬁlc It d%e% . %gr %g&rﬁ %ES \fém Jiy Lﬁ)'ngllgﬁﬁgﬂ Ge s&%pd)% @L%Fgﬁﬁggm reaction. The

de@féle%ﬁ“tf}h?hgb!ﬂl(frp@lmgoe f@k@s@e{q@issalbéreﬁﬁsge of the aromatic ring positions that

pol ysul fi des, pol yet her et her ket o ol yet herk

hayye| & dlueEnREPRARIGE SHRSLTSL-y ( ﬁéﬂﬁ‘% @ %Vae)aval?a%? atomatic ring

po%fqo)ﬁg %Peggdn%he ai Hllogﬂagl‘é)car %béfgltng qﬁétr%g %ot ﬁi’v%[%ﬁ' i bonding to the
ers, such as pol ycarbonate and pol y(ethyl ene

dlﬁhapé‘tfd&airateﬂher witiial tuerpolymiedn dxaeldfonanaong xhemiesl crosslinks or in a

t her eof . Avmderaneo t hese d
bapd o gBPCpAIRICANG. CBHIErGFEPTY RIS PRBIATYEG) of the available
arglrﬁggg E’ﬁlgg;o@ltﬁ)ﬂp QfH BB with @ SRR dBuBstRaht! ABRhDienplies that at
ting materials for the fluori nati on
lesst abests95% of densriible ring positioes aiceuainatade Ih|sgpiei qﬁdac@@rnents at

cBELHEEL 8250, BRETAREn g I BEDLIT i, siions

t@lﬁéﬁpﬁf feh@Sathit BbUoriRNaiRe Babydment eaelte@ﬁtlamoa:r 30%, in some
ected based on the nature of the ultinmate prod

erffordiments catuleadt ghoot! fébs, ini athge rearhodimends p@éll9fr‘ﬁérabp§t 60% and in

lec ed,ta h f.f t
b b ta R B TS AR Ao o
Af}f%‘iso‘ﬁt dredrdaBOsEN Sn 3hd SRVl lf@éc%ﬁiﬂe&haﬂﬁd@ldnab ﬁingﬁe of fluorination
be suitable. Thus, in sone enbodi ments,

wpbl%lllyhe explisifvengen Wﬁ@@@ lpted apdiprgrvighin &}ﬁprﬁenégls?lé%ig g
about 200 Daltons, in other enbodi nents at | east about
500 and in additi onal enbodi nents at | east about 750

Flstih&fve. Rédaeithe ot her hand, for sone errbodi nents, the

aver age nol ecul ar wej ght_is generall st abouyt
0. B0 chrmigRscoTaIRIIoN. ALne HBETBABII G ST Bufhe substituent

thggféthlacég, 88{8 %H_agiﬁzm Jel:‘f(ﬁtc / SSHRGH Qﬁ@n AlagtiR@84n replace a

| n ot heér errbo iments from
hahegin atdmQROthBaingovith & dluakineiatoh, oomeﬁwgws replace athwisogen atom

w:t]qga gggﬁépgrfgglg{p%rqq%lééth&é L t(lil g q omtll)g %‘tlgo%ggtﬁr% Still other

refdgéﬂﬁ %‘fe?’ Sdaltitd Witﬁl‘é'sﬁ&;t Ub Esther! BoSRRETs@bstitRety,®icE 4f halogens or
interest have aromatic rings in the repeat

hy&miﬁfqumespondlng to at | east about 10 wei ght

F:;g 'gb%gﬁetcgg) bﬁ?rg}a#mg glgglé%{hagﬁ g ﬁ%ﬁ’?‘g‘lﬁ gt%ﬂ{ Sn ﬁle aromatic ring,
HEhdE BB esfeivd SRR3R fluorinate the aromatic ring with a fluorine atom.

Fluorine F, is a gas that is extremely reactive as an oxidizing agent. Due to the violent

reactive nature of fluorine gas, the reaction must be carefully moderated to fluorinate the
aromatic ring without disintegrating the polymer molecule. HF is a very strong acid that is
soluble in water. HF in its pure state is a gas.

Other reagents add a fluorine containing group to the aromatic ring. For example,
fluorocarbon iodides can add to the aromatic ring to substitute the fluorocarbon moiety for
the fluorocarbon. The carbon chain bound to the aromatic ring may be saturated or
unsaturated and may be linear, branched or cyclic. The fluorocarbon iodide may or may

not be perfluonated such that they do not contain any hydrogren atoms. For example,
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40 wei ght percent of the repeat unit corresponding to

aromatic rings. A person of ordinary skill in the art
weizbds/memogni ze t hat ot her nol ecul ar wei ght r aRQe’IS206/009605

wei ght percent ranges within the explicit ranges are

contenplated and are within the present disclosure. As

v

P rod g (FaBs TR AICIOEDE, ROk IRy iodide

(&¥abphé pefﬂwhrqgepylaidmdm(@aﬁﬁbj esl wietl atshaar@r ofirert smtabhﬂ tmampounds are

ato e 8]F1 %ﬁ‘éﬂcﬁﬁp@?ed eM] (A (?)‘?“t %E%I i ta%g?h i_{qg{gatlng agents

nﬁﬁfde I @r Bfarhf16, fildtRatcAerkidRasiRRL blsb&ﬂ%efaamylpemmde
mbodi ments, a hydrogén atom can be replaced ™ with a

f | uof)lthee fhtomnaﬁmmd@actdnts@@nlaﬂdtaoﬂun@neacmmng gaup da . appropriate

enbo b
aigFoaft B RGP THE G ERrR N A1 R ook g R ¢ backbone or

inSl @fae@ﬁaﬁl inl WRich B¢ & igqélfﬂ%@fbn@tbﬂttﬂf isNGh@hoddxyNoxygen. Suitable
general, the degree of fluorination depends on the

flpgringition ardagents eaelufen forTissamplgr chlaedifinormetaneo Dukent) fluoro-
olggmg égéhegsstgﬁgﬁqﬂr'getﬁﬁ ﬁ? %icﬂ%?(aﬁﬁorgﬁlﬁg?feg dtﬁ 6{’% I[bt%lljeefrr](t)r.n DuPont)

1 ons uorine-co
oS piefadrbviadieaey e Peaflidirobihglvaydethdr, C p¢rﬂgomﬂiywi@y15ther and
are counted as aromatic carbon atons that are

perAvelopepyvinyether ar eveilhle femy PeFost r et mOéyaéylhﬁl&eS the halide
f)h6rp tﬁ% %t}’m ﬁci‘etﬁgp@e v@rlho %t efn(ﬁl%roﬁ{lﬁﬁﬁr )Hfﬂﬁ%roacetate
in a n 0 ant aromatic
amﬁthHHEthhweaséﬁigahpymahhem@nmhenmgalIable aromatic
ring positions are bonded with a fluorinated
substituent, which inplies that at |east about 95% of

h&ﬁ@B %@Phﬁ%hﬁn WBEoROsktions are fluorinated. In sone

odl ment s, east about 25% of the available ring
pOS| Mettrisased pro‘cbssmg' apprexsthesabenl iee basedaditolyoned melts performed in a

hEgted RS ETE  (e SORHES L B« O ErnoTebaSt DB Gine sgent

catrB8 a&dbdofnlft BN blyRer li€ arlted e th@oﬁﬁo@iﬁgtlhg‘ agent can be
addi ti onal od| ments at | east about 75% of the

addedial ameeorrgrnf@laﬂiaswm ioms. éioefeﬁ/m drqanévpei@smbl@@r adgrthe fluorinating
tofafirpiti ot BadatS, s Pheniorlof b forihd im gpibls pommercial

plodBERE cAupntRNt TAPhAbeS FRehcings, Yeachbm tifdend r&&86h conditions can
di scl osuré. Fluorination Reagents The chem ca

beepigsitrsd toiaghiewe thetdssitedlevelvd diueringtiosiet i on det er ni nes
the 3 :?ag)g éﬁ{] tmeglp %(I:l'ugespltgf eQal% let rh%a dO%érg arnldngxtruders

SpeC| sofe uortn eagents can repla
particular, suitable mixers include, for example, a Buss Kneader K 600 CP (Davy Process

Technoloty AG, Switzerland), a Ring Extruder from Century Inc. (Traverse City, MI), a
Banbury mixer (Farrel Corp., Ansonia, CT), or a Thermo Hakke twin blade mixer (Haake

Instruments, Paramus, NJ). A single screw extruder or multi-screw extruder, such as a
twin screw extruder, can be used. Multi-screw extruders can have the advantage of
providing better mixing within the extruder. Similarly, suitable commercial extruders
include, for example, a Berstorff model ZE or KE extruders (Hannover, Germany),
Leistritz model ZSE or ESE extruders (Somerville, NJ) and Davis-Standard mark series
extruders (Pawcatuck, CT). The fluorinating reagent can be added to the polymer melt

through a port in the reactor/extruder, and shear can be applied to mix the fluorinating
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hydrogen atomon the ring with a fluorine atom O her

reagents replace a hydrogen atomwi th a fluorine
woanisaiimong substituent bonded to the aromati cPCaUSZN5/009605

atom Still other reagents are reactive with respect

to other aromatic substituents, such as hal ogens or

hydy, ox roups. Wt e : I; [ :
seffiotriiee e P ey el GrERRSk FRLVGYORLPRL ModtfiiShioush the
m&Réf i penef Tachiexgudanmhe polser oad beimtiodatel frére a hopper into the

aromatic ring with a fluor| ng@atom l;guori ne F&jﬁis ]?d 1
exgraden hAhe ifhioginatingragsnt @By dddedsthEareyd #rY 1QgthggBfted polymer

Due .0 t Qe vi r8gcd,d i i xtruder as a
moife MEghOF g SRk, CFACHRIORINEE, B0 AL U B o
gat;,hlﬁhﬁé l@r@frﬂﬁorbﬁlkglicvdidm otk bdémtﬂuoe%pdh;{rr]lpcrgxidh@er}oﬂg%lmn be added
~nmolecule. HF i s a_ very strong aci at. i s u i n
in{Raher SXIFer (75| RGAGRPE 28 (SRIDNS ol M O R il PE i 8 speed of
mg\%ijn&t fok b&?{ﬁ%? Rl-ghdy 48 &HAHE, HR hPeAhRBRIfithe Ekth@er, and the

or exanpl e, uorocar bon iodi des can add to the
rafer ofaddisg ha dlubrinatingsagenticen bheseldctedr tocaghinoe dasited yesults of the

for the fluorocarbon. The carbon chain bound to the
flugrigngeen t2fi9fy nay be saturated or unsaturated and nay

be [0 oridh@EGHePls Bipédsed tHbegH teos:anmebontlétodA dle can be

may or nmay not ge perfl uonated such that they do not
pleaudt ati the ayrubigrowlpt do shepmthe fopm of the extruded polymer. The shaped

xanpl e, trifl uor t hyl i odi.de =31 ), - .
QIR Sor SRR SRS LRI i TR IB SR el pp gy meteria
to( foRf ) arBBR REEd hikp 6O EHeOpIl et coteretidBtocessss, wakh aasompression
many ot her suitabl’e conpounds are available from
malding, dranghemodding aM injeciioaanolime torERe & dW-afbiog example to form a

al.kyl ati ng agents i ncl for .03 ! ' :
oy Pl nn s BRUPER it TR Gl s 6 RRifHed o another
sthlcHRE QAT BOR polpatafdrs. ClimiRdy, i the fbrorimeticmid pérformgd in a high
group to appropriate aromatic_polyners. For exanple P ih
sheat yixie s BOlyINER can P diasicied, i sﬁ’ﬁﬁ @f?%és%%éﬂ‘b‘&%&%?o orm the
i,h a side~chaii in which the ring is fluoronated ‘
pqlﬁwgﬂl&ko ?ﬁ%@g‘r’%ﬁw oxygen. Suitable fluorination
reagents include, for exanple, chlorodifluoronethane
(DuPont) fluorool efins, such as tetrafl uoroethyl ene
elationy Sy R1aeessing p\NEeaches, ot h avai | abl e from DuPont)
or pgff ' Peird lhaRmareishyisydibed ehtBes  solution. The
perfﬁtg%}og{)ﬁwﬁﬁﬁrﬁg& zllri% pBerfl ufgr gigr opyl vi nyl et her
flasrénativig iagattl oan fliemrbeladdod into Flor sobatiopaasyd gesidrde @, liquiddsolution. For

e i PG o BB o e

A perfluoroalkyliodide or bisperfluoroalkylperoxide generally can be added as a liquid or

2aad)

as a solution. Commercial reactors can be used to perform the reaction. In some
embodiments, it is desirable to apply mixing to the solution during the reaction.

The fluorination reaction in solution can be performed either in batch or
continuous processing. Suitable apparatuses are available for either type of processing.
For example, for continuous solution based processes, the polymer solution is transported
from a reservoir through the reactor to an outlet. The fluorination reactant can be
combined with the polymer solution as it is added to the reactor, or it can be added to the
flowing polymer solution through an appropriate port. Suitable apparatuses for continuous

fluorination processing include, for example, a Buss Kneader K 600 CP (Davy Process
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(DuPont) to introduce a -CF3 group onto the aromatic

ring. Melt-Based Processing Approaches Melt based
wonrosassgiong approaches can be based on pol yner PAEIUS3005/009605

performed in a heated apparatus generally with the

application of shear. In general, the fluorinating

it Lall s M. F

TE7beT A0 SYRAERELS, hif kol TCeBuk D PEIERE Cif MD. For
bawh:d epevitiagy, atiug] thy renceantst ¢amebe ¢domlsived jn the sodutidpe or the fluorination

esirable tqg,add the fluori.nati to t nmel t.ed
Teg RN Be added gfﬁ.dusr'lilpé OW@agﬂeongg@ﬁ Witable, FagiiiEhgyg temperature
co*g#l"of AP LEnthA B L&cabn RE 26 89pioPHiaROMPERRAIre rdlke fFaHAkeaction. In

reactants, reaction tine and reaction conditions
somanethbodimientst autable baichevaletsyathags car e psvfermed with a flask and a
hf l.uorination.. Suitable equipnent includes, for
HBHEPYMEAMUEY ni xers and extruders. In particul ar,

sui t %géé%lefﬂl,xﬁd%%)dlﬁﬁéﬂlﬂ edissoBled G aAP k6lutian By SEitdlle acisentfations in
600 (Davy Process Technoloty AG Swtzerland)

whichgh&polynute rcaf hervelb dispersped. nd'he (svleghier g6 thy %qlYerit/ld)a?Perals on the

anbury m. xer (Farr corp. ni :
R e o o R s R el BTG may e
soNble irfappraliiae 6:EaRY skt deich @8 arstlatic selvertar &kt suhdiers generally
such as a twin screw extruder, can_be used, .
protide; appeoTwiptestformaticn eRrhApbenife I RRESIHE Brparticular polymer.
rovi dicn t 1 X] i Ll . h
MR G el MAa B0 GREON SFbof the popymer and the
ﬂ\i@éil_'gfﬁﬁbﬁrea’gelﬁier storff nodel ZE or KE extruders
nnover, Cermany), Leistritz node] ZSE or . ESE. "
ext r@h@a@og@@@@ ch%qngs’ asNggll ah thepgagtiondime gud geaghen conditions can
be 18daGs c%ﬁfr{)lutg@ rd@gfc«?g g‘f@ﬁBHﬁé‘tioncTAssuﬁ'h?g fHati 81! ARALtIORS are allowed to
reagent can be added to the polymer melt through a
gcf)w tqrhplleﬁble ?illéﬁmtmaﬂeﬂxls raneipropedy chisérb dhe degred ef Apptinatipn can be
o mx t uoy i nati ngagent through t pol yner .nmel t
cqugrofledselrdy hap Pi}etf%? at%’i’ﬁq?’@r f# F?%ga%it%a{)ﬁ’&ng?%?%ﬁéﬁmtxﬁ%g can be
c%ﬁl%?le@fto gblﬁe@@hﬁ%ﬁfed dMo@R PXinifeey of e RebiMion Gthe aromatic
be intro uced froma hopper into the extruder. The
nﬁgs?Jor :jnat : ng agent can be added through a port to the
mel t ol ymer novi.ng thr.ough the.extruder,. Fo .
exa Plé‘? Oﬁé’%gﬂorﬂf&tﬁoﬁtr?%&ﬁl&%gei AP HerRi- cejlf(‘l%er rua't:eéf tegetion generally
idASsesWith EhcPedRRicl tbipEAAk &Y Lfit08 nfl@hCeaBis generated, it may be desirable
bi sperfl uoroal kyl per oxi de generally can be added . into

tot ?@ole:hc reattion de dontyol the tsactien wis. uQnoths. otirprehangls 4t thsnreaction is
th t. th d of .
pROgrsTIgR Tohelow i BB 5% iR STRRk (B¢ riafpR? Tl Febergl,  person of

oftéhry RRIIl in the art can adjust the amount of reactants, the reaction time and the

reaction conditions to obtain a desired result.

After fluorination of the polymer, the polymer can be further processed into the
final product. In particular, the polymer can be further processed in solution, or the
solvent can be removed, for example, by evaporation, to yield the polymer, which can be
further processed in a melt. The polymer solution can be concentrated to provide a desired
amount of viscosity for further processing, such as by molding, calendering, extruding or
the like. The remaining solvent can be removed following formation of the final product.

For comparison with the approaches described herein, the fluorination of aliphatic

polymers and silicon based polymers is described in the article "Synthesis of fluoronated
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rate of adding the fluorinating agent can be sel ected
to achieve desired results of the fluorination
woeeastiion®2 The fiuorinated pol ynmer is di spense#Crusensghosscos
the extruder outlet. A die can be placed at the
extruder outlet to shape the formof the extruded

PGP R TRty R aRnEf, pil Eiftey B8 MROERESh Polymer

SABiR! 2A¢2002) § T 10GH) irkbijoedted higbind yawferafcet he pol yner
conversion processes, such as c_orr}}ireqision.m)%r{gin%in ¢ Limiti
t r anEheemberdigichly d@ﬁqp‘qeﬁj abeys s 1pisnds 9 heiillustrativeand ot limiting.
Qi i i t YIHE Bfention has been
AT iR Ak by’ QRASRE ol ARDAGEE &R ifengion has bec
deaombdde fvist Edferetice ts ysintiasaracpbbdimentsf ovarkersi skilled [y, the art will
if the fluorination is(%erforned

i.n hi.gh, sheay. o
regpguate thehehangesmay be gpadsan fpum 2pd dpta] Wit figpating from the spirit
Fng - i nt to formthe polynmer into a
m@%%?ﬁighﬁgyﬁﬁﬁgo'ution-Based Processi ng Approaches In
sol uti on based processes, the polyner is dissolved
into a solution. The fluorinating agent can then be
added into the solution as a gas or as a
l'iquid/solution. For exanple, HF gas can be bubbl ed
into the solution or dissolved into an appropriate
sol vent. A perfiuoroal kyliodi de or
bi sperfl uoroal kyl peroxi de generally can be added as a
liquid or as a solution. Commercial reactors can be
used to performthe reaction. In sonme enbodi nents, it
is desirable to apply mxing to the solution during
the reaction. The fluorination reaction in solution
can be perforned either in batch or continuous
processi ng. Suitable apparatuses are available for
ei ther type of processing. For exanple, for continuous
sol uti on based processes, the polyner solution is
transported froma reservoir through the reactor to an
outlet. The fluorination reactant can be conbined wth
the polyner solution as it is added to the reactor, or
it can be added to the flow ng pol yner sol ution
t hrough an appropriate port. Suitable apparatuses for
conti nuous fluorination processing include, for
exanpl e, a Buss Kneader K 600 CP (Davy
ProcessTechnol ogy AG Switzerland) or a ring extruder
(Century Inc., Traverse Cty, M). For batch
operation, all of the reactants can be conbined in the
solution, or the fluorination
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reactant can be added gradually over tinme. Sone

sui tabl e reactors have tenperature control to contro
woOheosri@a®2i on at an appropriate tenperature raRQeUS205/009605

the reaction. In sone enbodi nents, suitable bench

scal e synthesis can be perfornmed with a flask and a

[ ling mantle. In general, the polyner is

-nggégﬁgéngh the solution at suitable concentrations

in which the polymer can be well dispersed. The

sel ection of the saql.vent depends.on the nature.of. .th .
Lpol y“ﬁﬁf’maﬁ%}tl?]ﬁ EOPHIHRE ﬁ%ﬂoggﬂ%rcéjé’bfné‘?ﬁwl Fmé[.éaﬁlg ORF ,bon% Eroups n
wRER RSt R BB SerfBY 0PehS BAUBbRe bfdndftiR @Y bédiBons are substituted

organi c solvents, such as aromatic sol vents. The
wishup flubensted)srbstitiehly provi de appropriate information on

the solvents for processing a particular polyner.

M xtures of solvents can be used to facilitate

2.1 NCOFROKEIHRP cBinpb&itibn 1AL Y Wlieréif dhé po1rhetOisi seiciedniiom the
reagent. The anounts of reactants as well as the

groemaonsisting o8 poivcarkaete, aelyiowd, t palyheraihen kelppgy pplyetherimide,

| the d £ fluorinati .
pqﬁggﬁq[rglgﬂlgo@r ep%g}h %ﬁ@ﬁn‘? Osﬁg%ﬂc{ég ’Icfg‘ﬂ%? her gﬁhg{% Hgftﬂl%félefﬂ%&meketone,
cogslatﬂérath%;e%f%@mafdsyhmofed, the degree of

uorination can be controlled solely based on the
anounts of reactants. The degree of mi xing can be

conttol |l e ' a I e t q0f L ord :
Sor R PRl SR pRERECE PHRU 1 pUGIeR kit compries
arbind B¢ foabs anthe abinepsRieahsingxot herm c. The rate of

reaction generally increases with increasing

tenperature. If too nmuch heat is generated, it may be

desi C r ' bient of the
4'r at eiﬁ%lgg%r o('?ﬁjgj rotsﬁlg)ﬂ d&ala%ﬁl? Ee%?glgcg? fat(r) %ais'tts Aot Gpe
arpagt eiag ipdgitibawars lsabvittijyted withmyfluoeinated snlzsbituent.o heat

=)

the reaction hi general, a person of ordinary skill in
the art can adjust the anmount of reactants, the
5.1 eaci] oo} osiin! §REHIPN FABRI P Nast BbARLB Per@ent of the

desired ' result. After fluorination of the polyner, the
arpolatioreing pasitibes drasubsitutpd with adbwrinated subrbityans g
product. In particular, the polyner can be further
processed in solution, or the solvent can be renoved,

6 OF EKARBlyBher RUNPYAROH B icRim T Whyted dssehial[yO4ly DB Ihe aromatic ring
whi ch can be

positions are fluorinated.

7. The polymer composition of claim 1 wherein the fluorinated substituent comprises

a fluorine atom substituent.

8. The polymer composition of claim 1 wherein the fluorinated substituent comprises

a fluorinated alkyl group.

9. The polymer composition of claim 1 wherein the fluorinated substituent comprises

a trifluoromethyl group.
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further processed in a nelt. The pol yner solution can

be concentrated to provide a desired anmount of
woiesazimy for further processing, such as by ROTAIS2®3/009605

cal endering, extruding or the like. The renaining

sol vent can be renoved follow ng formation of the

fin r te it ' it SRRt @PSIBRStuent comprises
10des?@F%§§%ﬁ%f§|ﬁggﬁgg%??%gﬁﬁﬁg$?gﬂt%?ﬁgliphatic P
a rlealayliefosthghgrosbl i con based polymers is described in

the article "Synthesis of fluoronatedpol yners by

chem cal nodification,"” by Reisinger and Hi |l nyer,

Pro hRerR hﬁ}&%‘ i0R%! 1 wier&iA QRS hroRatic makes up at least
11inc%&%§$§%@%“ﬁ% eiﬁoggTﬁgggﬁence. The enbod%%gﬁis d
aboeslorwight mepeene ofithe polynemdengat wibe il l ustrative and

not limting. Additional enbodinents are within the

claims. Al though the present invention has been
12descA i Qahoditfol EShRHseE ant Sodatié ipolyracr evitho alioretit Sside-chains in

workers skilled in the art will recognjze that . changes .
whiely ableasteabout A5 foerasntelitheeside-shaji EroBALC JERRPRSIIHYSt a6 spbstituted

the_spirit,and.scope of the invention.Wat is clained
W&%?fWSHQ@%%ﬂEEEWFWgn conprising an aromatic pol yrer

with aromati c backbone groups in which at |east about

55 percent of the backbone argmatic ring positions are
13s ubsThetaommpgsifion of alafmdaMWI@@@MP%%?%#HSG%POI ene.

pol ymer conposition of claim1l wherein the polyner is

selected fromthe group consisting of polycarbonate,

1400! YT Pelymeplcybbsitiei bérclduat thevhersin wbidner RS percent of the
pol yet her sul phone, pal yphenyl ene .syl phi.d
arpoRRTing PREHTIEAre a&syﬁqﬁg‘mﬁﬁ Gnewatih %‘%bsgg‘ﬁﬂ‘i- yIer s

t hereof and m xtures thereof. 3. The pol yner

conposition of claim1l wherein the polyner further .
15; ONPThes @6lyaied nhiposigion upfs claim t1Re whetejmshte pplymes Hirther, comprises

4. The pol ymer conposition of claiml wherein at |east
argpyatie SwoUPH along e RAYPRFPag tic ring positions are

substituted with a fluorinated substituent. 5. The

pol ymer conposition of claim1l wherein at |east about . .
165 pEhepolymof compositiamef ¢leint il A gvhserin epwsatally all of the aromatic ring

substitqﬁed.mﬁth a fluorinated substituent. 6. The

PISHIRTEFC qudti on of claim1 wherein essentially all

of the aromatic ring positions are fluorinated.

17. The polymer composition of claim 12 wherein the fluorinated substituent

comprises a fluorine atom substituent.

18.  The polymer composition of claim 12 wherein the fluorinated substituent

comprises a fluorinated alkyl group.

19. A method for fluorinating an aromatic polymer, the method comprising reacting a
fluorinating agent with a melt of an aromatic polymer to fluorinate the polymer at

positions along the aromatic ring.

20.  The method of claim 19 wherein shear is applied during at least a portion of the

reaction step.

14



7. The polyner conposition of claim1 wherein the
fluorinated substituent conprises a fluorine atom

weubwstiitoeent . 8. The pol yner conposition of cl aCmu$2005/009605
wherein the fluorinated substituent conprises a

fluorinated al kyl group. 9. The pol ymer conposition of
egt 84 fddtwisin 6aridet.ses
???ﬁ%@gﬁgfﬁﬁﬁagﬁ%%%gﬁgﬂg%' ' yner conposition of
clarnrl wherein the quorlnated substltuent conpri ses
a pent af | uor oet hyl

1., Th
22.0f Ehgmﬁllpd\mféﬂ%}mﬂlt W ef&r‘b%ﬁtﬂ‘lfmg‘fl@?&)&%kégo‘@%ﬁ%hgﬁ a port in
theﬁﬁ&?&er%éﬁ&%qc%%o% hRhkigsgat of the polyner repeat

conposition conprrsrng an aromatic pol yner
with aromatic srde chains in which at Ieast about 25

23 SuSte roatberl TR 2D G O DsHot PRI, 3 el aRd further
cor%@r?ﬁff?inﬁécﬁ%n%ol&h 'tlf@ fhioriagidgiolyhéie pol ymsr conpri ses

ene he pol yner conposition of claim12
wherein at | east about 55 per cent of the aromatic ring
positions_ a bstl f s along the
24sub§?PtrG%thP5 al*i*héb ﬁ‘plgﬁé?rhgﬁ%(?[ﬂat SEmES *one

@PE vohe polyner further conprlses aromati c groups
po Eﬁh e pol ynmer backbone. 16. The pol yner

corrp05| tion of claim 12 V\,her e| n essentially all of the

e
of ng E}Qﬁf%ﬁﬁtﬁd p§l}fb{ﬁidlet pelyttheie ikeemea pblyﬁtherlmedeitpﬂiyethersulphone

tituent pol yner. conposi t
pollylphcreylmet sudphide, Qpl}’ﬁfaffél@, gq}bgqlq:rggtgm, PO q%geé%negce{n one copolymers

rlnat group. 19. A nethod for fluorinating
e&ﬁo “6“3%‘ yrrfer t he nmet hod conprising reacting a

quorlnatlng agent vvlth arrelt of an arorratlc pol ymer
to fluorinate the t positions h
26ar oﬁﬂﬁqe.r@ethechgf claim PQ W ereln 0 fhe ﬂ%ormatmg age n%)rfseg HF.

27 The method of claim 19 wherein the fluorinating agent comprises perfluoroalkyl

iodide.

28. The method of claim 19 wherein the fluorinating agent comprises

bisperfluoroalkylperoxide.

29.  The method of claim 19 wherein the fluorinated polymer has at least about 25

percent of the positions on the aromatic ring substituted with a fluorinated substituent.

30. The method of claim 19 wherein the reacting process is performed in a batch

mode.

31.  The method of claim 19 wherein the reacting process is performed in a continuous

mode.
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20. The nethod of claim 19 wherein shear is applied

during at |east a portion of the reaction step.2 1.
woheosmeideod of claim20 wherein the shear is appriusen0s/009605

with an extruder. 22. The nethod of claim2 1 wherein

the fluorinating agent is added through a port in the

ext rude di ’ i nBthod Zompkiging reacting a
32 et ﬁoI&etingé raﬁén&%ﬁy\%gﬁé%&nﬁiﬁﬁ?%ﬁggﬁwegﬂnappl i ed-f)i n g, ®
fudiining A@entfwikl M froamip by ih spletden tnfluasingferige erpmatic polymer

fluorinated polyner. 24. The nmethod of claim 19
at pysisioab plongéheyPIPREF ASS ar omati c groups al ong the

pol ymer backbone. 25. The nethod of claim 19 wherein

the polynmer is selected fromthe group, consisting. of
33 pol e nhtiat of, clgiml 37 whetein thosoletigeecsnises R prpIc liquid.

pol yet heri m de, pol yet hersul phone, pol yphenyl ene

sul phi de, pol ystyrene, polyetherketone, ,

pol SRR Y¥ARAR lidiat efiprises ambromatiessolvent.
34’( he@%?‘%@ﬁl}'ﬁéﬂnﬁqﬁgd of clalm 1I§uWher eIi)n t he

fluorinating agent conprises HF. 27. The nethod of

| ai m 19 0. the fluorinatd .
3536?1&%&1@%&;9?'0{5 Ih.’: e\_;vil%gfnl t@%&iu%%{lﬁ%?%ﬁeﬁg F?gfx%&?}radually to the
solffi6h Qlfing Hﬂ’xiﬁ% dPfHenRBliitiog. agent conpri ses

I sperfluoroalkyl peroxide. 29. The nethod of claim 19
wherein the fluorinated pol yner has at | east about 25

percent of the. positho @ARlrk Goff thBS%olution is controlled

365 ubstit HE dvﬁeftﬂa%lppu‘gﬁ?rgg]tg%etgﬁ@stituent. 30. The

witlh AQ6le&bd gdndem 19 wherein the reacting process is
performed in a batch node. 31. The nethod of claim 19

wherein the reacting process is perfornmed in a

cont.j,nuo R Finktint0ddeROddoR 8O HF .
3Tar o %%%8@?@?&@%@*%@%3 con%rirgg?{]gg reacting a
fluorinating agent with an aronmatic polynmer in

solution to fluorinate the aropatic. .pol r : lievi
3posi THomsIna i R A Gisth 0 Higeres abRooflayisss peluoroalky
.0§iq@1 M 32 wherein the solution conprises an organic:
1o§1d L

iqui d.
39 The method of claim 32 wherein the fluorinating agent comprises

bisperfluoroalkylperoxide.

40.  The method of claim 32 wherein the aromatic polymer has aromatic groups along

the polymer backbone.

41.  The method of claim 32 wherein the polymer is selected from the group consisting
of polycarbonate, polyimide, polyetherether ketone, polyetherimide, polyethersulphone,
polyphenylene sulphide, polystyrene, polyetherketone, polyetherketoneketone, copolymers

thereof and mixtures thereof.

42.  The method of claim 32 wherein the fluorinated polymer has at least about 25

percent of the positions on the aromatic ring substituted with a fluorinated substituent.
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34. The nmethod of claim33 wherein the organic liquid
conprises an aronmatic solvent. 35. The nethod of claim
wGB200shietmen the fluorinating agent is added graduaiskons/009605
to the solution during mxing of the solution. 36. The

met hod of claim 32 wherein the tenperature of the

sol wt i on 4 ol el h&Gir6ekss an@erfoded in a batch
43'Thelﬂlr%t e&iag%?’???%ﬁ%gv %ﬁgﬁ%{i‘?ah%g ?Iqﬁori nat ?ng agent
op&etigt.i ses HF. 38. The method of claim 32 wherein the

fluorinating agent conprises perfluoroal kyl iodide.

39. The nethod of claim 32 wherein the fluorinating

age %951‘3% B fheabdcyinp SEcves IR pefformdhin a continuous
44'mat %SI 0 cq%lgiz@mﬁg%%?g t he arg?r)ati c pc?l ynmer has
opatiomt i ¢ groups al ong the pol ynmer backbone. 4 1. The

nmet hod of claim 32 wherein the polyner is selected

fromthe group consisting of polycarbonate, polyim de,

pol yet her et her ketone, polyetherim de,

pol yet her sul phone, pol yphenyl ene sul phi de,

pol ystyrene, pol yetherketone, polyetherketoneketone,

copol yrmers thereof and m xtures thereof. 42. The

met hod of claim 32 wherein the fluorinated pol yner has

at | east about 25 percent of the positions on the

aromatic ring substituted with a fluorinated

substituent.43. The nethod of claim 32 wherein the

reacting process is perfornmed in a batch operation.

44. The nmet hod of claim 32 wherein the reacting

process is perfornmed in a continuous operation.
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