;e3e8\ 678 ,, ~ WO 98138242 6 Septenber 2002 ~~n~a~~~ OO?0-:r YMEF: S O=
Wi NYP . ENYEOB8ERI D, ti. "~ . :~i EX ~F_: UOROPr 20PuLE~V' E HAV6| SptREDEL '20ED
EXTRACTABLE CONTYNT AN. M~ | MMROVE> SAVLL = | Or~ OLAVI T~ T—~is application
clainms the be:~e it cy provisional apps=caticr. se=ial nunber 60/03B, 346
r_ ~.e3 Feb. 28, 997. BACKGROUND OF THE I NVENTION '="his invention rel ates
to corrp05|t| c'~assified in the art of chemstry as

fl uoropol ymammm"lmm IWIM‘HL' fically as copol yners of vinylidene fluoride

(V e spec] -~ ca as copolymers eT vinylidene f- ~*a A" Yr ~p
50|I rmre _V: ||~ %000he h _Xxayi uo_op_ opy_ene (~1F_; , , spec~ficall=;, as
copol ymers ef VDF and HFEnh@ybpg pe. yT chqug?gt r=Giabt-e: coptent, | onger gel
M mes and i np=owed sol u%ﬁi‘ﬁﬁi&ﬁ’?{oﬁ&%@é’e}i pﬁpog\lp I,..O.Q% of matte. and

o esass o AR e P AT e B0

of matter containing such copol ynmers and of the artl cl es of manufacture
contai ning suc'.: copolynmers. N-~YI BAQ E -1 WO 981 38242 ' 6 Sept enber

2002 Ji.-F~~:r="= C'pG VTle=$ a. We~~r::":GWN'~ 3.~ .~ | ar=",=ha.a :.Y
~he=~- ~"er'ncp' _apiig gpginegr=pa BIBQRAY tih e s 80N ~C3_
S§j.S,'.a-~".Caand finer't ::eSStoward da~r,d d= t=G1 . T:::' .T, ay
=0UnC ~:': agopdv{aiotnd StpClhcaSichetkr=@a runzes6GI@EIS 2 4‘£r-.._gd
gasketing, pl e=.umcabl a -acketzrc, - 5 = ~.tratior. a:~d extract i or.
menbr anes ande®: Zhe e@ﬂst ruction of I~t:.ium bat~er~es. The pr esent
~rwer.tion provides VDF/:i RBEL¥RE T to about 24 wei ght

0 i12 me'ao> HFP havir:g a T s, substantially 10
i",proved soluticn clarity, lo::ger gel tinmes and reduced extractables as
these terns are defi.”. ed hereinafter. The process used to nmake t;ze

i nstant copol ynersTrieguinves:zine rafleoesf ctvDEcambdHRR dros dhemantetral rill
;5 cf the reactor, arid a dirferent ratlo of VDF and  HFP duri”g a
subsequent comtdsibtisedeed eh“tﬁ rr@ﬁoﬁ‘élre@*s,& XY~ aS ffiQ B Ak Y BREF r ed

aver age HFP content in the_ cc d Gar rjes ond| artl cul ar
initial ' ~1"%nd %%%*siaqu%ﬁr ? émé g’ e‘% “ini o 1%21% t %SI tions

pr epar ed thi s sy prﬁ&éesgmguecamdyug%f o o1 QReI eosr R r@@@éx‘ﬁo ~ to

VDF/ HFP copol ymsrs described in tha prior art. D SCLOSURE PRI OR ART
Rex=ord i:: UZSicPade &b BeRS81]l63Fodesprilbed 2A%FYDR/ :s9FP copot yners of
HFP content 30 to 70 w% ;15 to 50 nol % ch s:~owed utility as

el astoners. TPHekEIEhe €opdl FRBP ymgrgalo Process I%/mpt m%‘e]rri‘%l ninitial
rati os of VDF_ an t S.p |os of Vi,~
ar_d HFP thr ou u%_gtﬁéggggcaeégé EBH%J e Ci%?%%lwgtp w r.

C.,'' eSC=l De~mpxdved Lsol Eee8e81larady’) _to nowvdd ’EOWS_ltSLLd'aé\_of)
mattcer and articles oI manufacture containing such
cepolymers, as well as to processes for the
preparation ard use of the copolymers, cf compositions
of matter containing such copclymers and of the

articles of manufacture containing such copolymers.
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ti 3= ~. .S 1la: K—'"_) t."?e 1.'.';~=O\/?Cv;i:i~I,C~' ~la=:" .")
B ke,

dc:: d‘eY al N.d lowe::trac:.ables cf _he “reser.t -:..@rseptember 2002
~. tere made . Lo ~" TJ.S. Pat. No. 3, =78, 399 cescr~bed v: ~F9%: FF copol yners
of ..F Pco.".tent of c to 25w o, _to ncl ~; which showed a nuneri cal

val ue lor the CFOQ),LCI _p.Lthe ten 1le strepgth ((p\m and ercentgrevers~bi e
ei ongati o® ef at V&dst '° “bal's= A0t it h c&FFain
i.Mit=al ratiLos.ef.VL £, =kt grpat glby)- F;emcg).r t' _nuous

process with™ fi xe?f’r’étvos %ﬁ% aﬁd |§t’>ﬁt'r‘?o§gh55? the process were used

to make t:-~eceepalwienes Htfa-pcf@cassemdrsmssedowr@ U riaathsd .
copol ymers | acking the inproved solution ciarl=y, |onger gel tinmes and | ow
extract abl esTog vt FaY. Bpanum hfappl bpacopbbyAecs W@re:hmcte:al\/bggl et
al. ~n Pclyner BuIIet| n.7,. 115- 12 1982) analyzed t:ne m cros~ructure and
crystal strucfareé -6 VEmP Gbo éTﬁa‘r% by -fitel e &P mEgn&t3 't Te¥sdnance and
X-Taysg di ffraett sy c@uPeldBM e rde: 29 RORPLYABES 20 Up, t:ﬁw_,? wea (up to

.5 m)l % :~FP were made .n a batch enul sion process whi was carried cnlv
to | cw convetshenrudhiiloms tdte Jownconviesistenibat ch process i s capabl e of
pr oduci ng copol yrrers having so' _::=ion clarity and | ow extractables, no
such 25 properti e3Ng=RT@EERT bed D593 Ehﬂ?vad‘éﬁaHPFdail BpIaRssia/ oY S

industrial use_because of the l.ow.cc,,versions, reqy ired e the
materials. |R°548F1<69, o “Far %y %)%I YRes T gafl ¢n e?&rrp‘l gs%e of ~er ed.

WO 98/ 382. i ZPQ\,’SEBt %‘F‘éexrc: %Q@%r m:?fcg\?ei'p*'épél“t:.es_,_sp%stmv Vo, 27,

y~5-y0~a . ~L: ~~ a= di'=d ~~'1? gl as s tran5=t1J ': ~enpe=a~ur~s
S T3t~ ;rE»o@@pmsalmr_&*l 'diaading =longerfoellclitesl "arldl ;~ tJ Ec: W
o,wp tc -_"olo;~. T :eglass ,.ransi t~cr. tenparatures wer e

éor r_latec te"FHeeé‘vélxé'”aftﬁlﬂi%%rﬁ% m‘?se-rte{msaGEGpélleﬁr#éte@ Ir. r"al ong
the ccpo_yTners_f QL ;alégl ys~s, a sem conti::uous emnul sior. process was used
wh=ch T emJn"I'O/ ‘F~erent VD. /HFP ratios for the nit=al f=11 o. the

=eacter arid fc= the pHRTRAUE ide d Y in4IoaISt €L A st Bt MRBPE e Al=houah

reference was nade tc the use .~ 10 cf reactivity ratios to sSet the VDr/HFP
ratio for theesguiresatne ldatimo afet @iy eahqboﬂiljmefozathenlaxm- s Mer e
cffe=ed, and no nenti.on of copolynmers_hav~:~g solutiogn clarit el tines
and Fow ext r 86t BBReSSEETRAaliTE % FLIERTRRT { FRELBpBEY IBFSs present

i nvention wa J,_rgagesq_p‘g ar%r;}q,a Ceénra_lwﬂ:géygegc XQ_L é 224 230 (Feb.

1c%- exam ne m crostructure ¢t~ copolyners’ Rudiear
nmagnetic respAanggr-ane iihe JELG=Rbtduetade r@llebe&aheaﬁoa& Wejee Used to
explain the 2.0 rrond _:, glass transition tenteratures of the copol ymers.
The synt hesi scppl tme“c@pr@ldmm fiamvan MerEReR@i ng. pakticulagus rdmilasi on
process which used di; rer t J~~f/a Pratios for the initial filJl o~ the
reactor and ?rr tﬁélcs& 5 ‘lliu’bausl?%ed olFenBﬁmf@FE‘ tMOCQJ*S det ai | ed
synthgsi s examphLes:weLe pr a%ng, gg dhscg§§| ap,of copol yners
havi ng i npr ovgg scluti os pQ}é! rity, longer ge tYrreg and " ow e>?0r act abl es as
provi ded by Lbefomp@lrwmrr&mS tihe ccm;mznism ner vDFCHE P ~ooo@\ﬁ€ae&& 38243 6

Sept enber 2002 ~'aSl _rT ~ b5, 1. . PG Ap~ V., .

S. A, Oned d: " €2STribeg 1m IR DRSSt , T| dK. " ~ . . T Tir?r S5
coI ynmers c¢= _luortnatec c_ nOr’> n

01 f:.Ll .~ rinaLEd cl e~~n5 : phQ OChem Ca:

n-L~at| On CL pd ¥exi@rd ZL*_LC & Sk aws! h 810511670 dBsBhind@ ~ preSSUr es

Coul ~De,.:5Ctna.: .,W.r ~nmp_ata~s an,~ t hese used zcr

t her25al ~y IMDFI/HF@dcmp@de&m AN (HEE cten..en-" r3O =te 70rw8% WMS~to . . ,_

. .e WBS (e. . IOn C=1 ~' "a~ t. a=r ecula=z it~_ a o ; r.

roiro-:50~ “6’-°thw"’r’~§hl~°t“9ﬂe$o+%3e135’ “H"l eBﬁst@m@rsemgoofna@e rna ~ a
|~ tae rszqul ady et ase d DU peddoldep: uSCebeash 15:09mpol yrer,

and no clai ns"Were=r; ,’ade ds o regu_a=rt~~ o cenposi anpl es of

VDF! F-i FP copartyRy icFatyar aerne g veid dueenhindbaeupsbersef wiiftey sol uLi o”
extraction properties c~ the copolyners was given, and there was no

rel ati cn nmadé1bedwedt issy st dlDpraperiTRsthsoughouy theepgecgstsu=a of th
VDF/ HFP copo' _yners. Morgan In L'.S. Pat. ho. 5,543,2=7 disclosed it r ~-~t
fr10-~-aWrrio
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nLc m._ ra_luoroe~: -~y er~ ~ h_xai_ac_op_opy_..ne ..cpolymers, (TFE HFP
.copolymer YO A¥@E+by a ser.;icontinuous enul sion process. Uni f er saptymvas 2862
- 5~r~, ply defined a5 t here being a | ow proportion of a3~acent HFP units in

t he polyner chains; there was no ~iscl osure cf t~e disposit_on o= __ _ and
H=P ;::zits othermnsehv§gd A here Was_no_ ¢ discussion of .VDE/ Hca copol yners o.
the propertiedTo Be EXpEEted thar etrom: 25 ' J-5 - PRTENt =3 = 75?‘331

descri bes thersgnthgsbﬁsoL YQE@GN4N4HJ|fi*mg@@&thene €L’ =57%). Lcopol yners

having a high ur iform:.y of cononomer distributicn in |ts “vr:al ‘ecul ar
chains . Tr *Bﬂggetbnandlﬁﬁbtﬁdd1deﬁEEt&ameBIs; &b|'“XV:;Es="t WO

y8~38~s: 6 Septenber 2002 -T.a'." J'O'. ~:~~~_FE,! ,_qg'~~

~ha~L.?' y.~~EeRTisn were' made. . ~3 ~ ~.._ p. 58'7 seq. ,
part~cu_arly at p, 5~ ?,a 3. sc- th YL, thes S .0, y2form
conpcs~. t_cn d=st BPb L5 9 8n Edpo OT V’ﬁ%i “gRSTIabEd, A“‘ ZFana
v~n~, ~| chl 0=-igg1 afads0bsvimy dawmd der anc: ¥y ys @egt at e Neme cf erase

references teaches or suegests a way to obtain V~F! HFP copoly;r:ers havir_g
se_vent sol ~.m¢lor~whicar sabyedr ad rfureiai t yvalongeer gehs. cxndscand | ow
extractabl es conparable to the vDF /[~ F? copo y-r.ers ' _.~~ cf the ins=ant

i nvention c. ®hatN8uERPSrefefrrESNd e @i nald PR ¥ ORT VDFEMRPSE8REI yner s.

SuUl ~f ARY OF THE LON:' ='.he el uentl yldes first _caonposition
aspect a copoTan%Nthvfﬁblldene Iuorl H{& heé%fTu0568F85§lene

cont ai ni ng a Jpaxh nEar-ek: gbeut « él\/\@aghtogoega:em @X@fﬂiusr opyopyl ene, having
sol utions of ~~nproved clarity and fluidity; for the copolyners hay="g' up
to abo~.:t 8 metgrn&tpévceats&umﬁqnﬂ ﬂﬂﬁmsxpmmniﬁs wavhngiwvedght percent
extractabl es within 2C B 28 1. 50 0of the perce.”.t by weight
extract abl es &t ¢of aPedVhy éPQ éguaﬁ PQﬁﬂQkﬁexP?r”v"?ﬁ%SgWﬁﬁB 88ASi sting

a) W. % gbl tables =
o T sk oy B Sobnd R Sk R T Bt merekiting

greaser than abeyt- Bawecgbmpe@e@ntlamml wﬂrﬁm@@a sbaytpgra DSO
(differential scanning caTorlnetry) melti::g point at On ~ r ~ hC G- | east

2. S~ -~ ovmarl'ﬁn tongerpse-mt lrnemgamﬁrlow cfxopot Fpees havihg the
same ncm-nal ght percent .HEP ' ~ WD 98/383.i2 6 Septenber 2002
—par_A5p: . W, P ESRNRCENVERTHPN- ”DHPQXﬂjnawﬁe??-Ta °‘.-~-e— c~ ~a:

T-'? taz-g b_c,T. @%@%% x4z 'rpcaﬁJrSBuwclemﬁ ;_gspect of the
_.:vent~cr_ are st=aw col cr=c to colorless sem crystal |ne sol i ds

TR av~T . g r~e(ipsz2yg Gnpuloed ;naSmﬂardytruccuﬁﬁidnucﬁrvéeaent | ay.

sCanr _Ing calor Inmetr y (DSC, ~ , lower than V ~F/::F? copolyner s :~~av=na
the same noni StEECEUDP QerV@eﬁfaéeqgﬂﬁkme”§NQXnﬁkﬁﬂ%®rﬁm@@@ésés report ed
" _n detail in_the

resongnge a88 x- ray diffracticn experiments. The
20 copolymers of up to 31 wt% (up to 16 mol%) HFP were
made -n a batch emulsion process which was carried
cnly to low conversion. While the low conversion
batch process is capable of producing copolymers

having solution clarity and low extractables, no such

[y
(93]

properties are described. It is not a practical
rrocess for industrial use because of the low
conversions reguired to make the materials. In

addition, no detailed polymerizaticn examples were

Fh
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10 she tang_b~,= err:boci~ nments o; this ~_first conposit~en aspect cf the
inventi onWQI%@S%ﬂéssess lo:.ger ceiation tinmes frcmsol ution tpaq, Vobl T LEE:
) T bntdm 2
copol yners :~avi.”.g the sanme nom nal HFP cor.-~ent prepare: by p ocesses
reported in detail in t?:e prior 1~ art. The aforener_tloned p'.".yslcal
characteristics ta~en together wi+h the nethod of synthes _pQ;ltlver
tend L to con_irmitesFuectufe and ti- @Qﬂ¥ﬂ91y &+t he" cofpésPtions sought

tc be patented_ A0 T 5 e\tprg&QL epbod~ner. t.s. of t.he iII§F gouap 8$|L|on

- - =

aspect cf tr: 7¢1hvent|on have the i nhérént app i%ed USe chara cterrst; cs G-
bei ng suitabl-g forz pagstcgpod: da@maen@.eahlqngﬁpemd}{neﬁuamd«a@oC@erweabl y
res~.stant shaped objects and films both suppor~ed and unsuppcrted. 25
Fartcul ar ne:;aicred s: nagel of . coEbEygeaSSotnﬂn§iuan TonpashatioAasaspect of
t he present invention having rromabcut 3 ,uei gl ght % HF? content to about 8
wei ght % : : F7W%ﬂ? 'CorrelataCpbet FRE. OVErRy 5p51wﬁﬂ%§havrﬁg abcut 3t~ 5

we' ght@b @@ﬂuh;ugses tpﬁkiﬂge%ﬁ@t %g Hd%%?g)%?ﬁt lggtzaozgtlcs cF

bei ng” par~| V1af1y suitablé as er

y Ny fTs&HJ.QﬁﬁJC'iLE@IQ Snalfion précesyl 'ﬁa-s*cfds_cY whick, C~ ma~_=Ce= cr
batterles particularly -i;t:~uT batteries. he w~.”~..r ar=, see fcr
exatr,pl a UJﬂolevnd%d&53Q3°1tagDrébBPtGEElOﬂiﬁﬂx-Ehe b@lut@ilés frade
=rom P' v' DF/ : 7= P cope ers.:.az~:=. from6%tc ~S~ .'~ ght

177 1e S GoSVR GG TR ThE EEPCH eSS GruseRtous S8R 1 C -
hav: LR ol d er £y LRoubAt rEangesate o talie fOr-ge i 9e. T such
batter|es an&'woﬁ represe: . r;orovenmer~t tereln. Sucr inproved

bat t eni es ar@falr&;@&omwlﬂaedobycorse ~Eh¥eNVDFYHEP aSaeqy=vyarents . -n '
_ Particular nenttor. is a~so made of cooolvners cf the first conmpos~tior.
aspect cf ti-2redzaderfiilor ~ Mavdeng: b?@npéﬁﬁm@*laﬂﬁiﬂﬂ pexTRhes nEPreont ent
to about 15 t per cen cant ent Jfart icul ar

copol yners haVrﬁ§%5b ?(P?m?%%?lﬁgr8EnFOEE$y35ﬁieﬁfYmﬁﬁﬁﬁ?m%%egg t:

i nherent appld.ed;use Ghat aclfes ShiCiby BRERACTEJAN G atpdiaPe €S st ant

i nsul ation for mrre a cab” e, Still further nmer~cion Is ma f

copol ymers efHat bf dHStc&EnpRbbtsCofashecbr@serte Lnul“éa‘&.lorh.hﬁ\s havi ng 2~
g_eate= than about ~.S weight percer:4 HFP content, still nore

part =3cul ar| yasfe .copol yners havi ng about =00 by wei ght cr greater hFP

content which have the inherent applied use charact er|5$ o Lear, -~
exi bl e, cheni cal %Vr}%as&tfa &N Tt TQ Ff’ﬁy@ T25Vrhe i erft‘i40n2€¢o s in a

second CONPOSidd-ON Dfa BT « RSPREL ro8R LBRLRKE) ARfTw) o manuf act ure
conprising an electrochemcal cell having a positive el ectrode) an absorber
seoaratcr anctpailegatiseoel petiede mhgnetin aeaaﬂaﬂcemﬂundcnmeof the 30

el ectrodes cc;npr ises a v i. 1 idene fluor ide polyner

9si 35~ ~~ 6 Sélﬁt-é?ﬁfefu%@lze dg armingtions wege usgd qq_e’F%L%li‘Sbh% r:NO
253 L el e %ﬂ@s_ rBRSCEEor, §%R%rea-sw_&@g4 S8%c @ V-

3' :.~~7r| f"" I ng-an elé T, IaLer lal _o;
r,:,~ne" trer&\@cblvmwr eifné hgyhmae@mrraf £ heo doo%m}&xeasré i ifvclved
p0|yv ny ~dene fiucride polymer cars~s==r.g essential=y of a vi:.y' idene

| ; ~oridei: . aa%nmrepxupquenemuép@byxrr@roagS@efwrb1'*'Ped—sec3 dhpferest

conp05|t|on aspec~ of the ' ver |on .Soecl al, ntion. is made of .
enbcd~ne: ,i)}%q?mf%rkaﬁcﬁ Faégatﬁ % lg?ﬁgltn@\nﬁﬁ?%ﬁ WRre: th

10 3~/ HE? Cﬂ.—fw'-y»ﬁ@rSLbs% ﬁuaﬁéal‘:bﬁona%qulf%@% vd%%}b@:% =onygbout 2
wei ght s hexafTuoropropylene to about a weight o particularly those having
fromzgbout . ,dawdglds synthesis examples were provided, and there

was no discussion of copolymers having improved

sclucion clarity, longer gel times and low

ex-ractables as provided by the copolymers of the

nrasent Lnventicnh.



to about 6 wei ggé % hexof | uoropropyl ene, still nore par ticularl y, t!:ose
havi ng abodP 9838&fg: ~t % 15 ~: exa=l scropropylene. T!:e electroc

cells of which the second conpcsitior. cf matter aspect of thi sges%ﬁer{[{be(gnzooz
" s an ~nprovefient are described in PCT Application WO 95! 0=332, European
Pat ent Appl ~. cati o . 95.120 660. 6 2: l.‘: ,Dpublished s nynher, _73Q,.316 Al

on Septenber 4, . BU3Md"F. &° IPat-ent” 5296, 318, "Y¥he dfscFosurés of she
PC*_ appl catLogweth .EQropeq <= ldLation .@gjgl_t,he Jms-sPatant are hereby
i ncor por at ed %y reference. ?n addi~ion to use of solution casting

techni ques fogc25  emerar ati dnuelr :Hauex frs ises i cpbachel Yy CRDSHr yeki ons as
described i:: the aforenentioned references, use of extrusion tech::iqgues
to prepare such MOFAsT @ﬁdft—hl@rﬂg?lEEd OAN;-QS‘# 382&2‘ 6cSepteAber 12062
~.~..Q- ~r~% rGl "l ~e~ YJT ~~.~~ . . IC ~J:._ '
...r ~T.° ~ &% Phet -.E”‘écé s-n-b*a“lﬁli C’"t“e S5 ZB5EOF §9] B53F. 30—
.Ca. " _ed CA-'mwif eeW{"‘e"‘atuv=% %%po'@y?s’s%ﬁ Loo@ dresetels-chak=nti,

|':a' ~2 better a.*~~1 JTer) " , Tetal—. pCr
tIG:S O .-.-hﬁeOdESclarf-xd Iuh@r*rai Iy Sr‘ :t.ﬂi'lﬂ..kermﬂaces:@@s ‘@nildatteri S
rabrl Cated trod ~~, ~J~-~~—~ C. " pQ-yrl',erS ::avl::~ S~-|I'tlI ar

per Cent age t - +'F$“-’€O‘i€§n€'~"—8§"ﬁt— SQ"W%Cb'\'t@P-G’rJaf*-wprGESSéSl%SCrI bed

.n Ssf_icient_dela 1 Lo Coyz=aWr lm & cne i Tavisedcs N@s al so beer
observed - hat® \}b=*c6c8r§ﬁer§ P tTeE pr esent”ivent J(:‘r’le7“r%v~tlle ba:.teries
havi nc i nprovegd- gl g6t Fi,Capnpeopekt ID%SYI l-d~ngddher capaphliry Cf ri g: zer
di scharge rates than batteries fabfi cated from ArL' DF- H- P copol yners of
hav' 1y sim Imm@&@beméageand~lﬁla clrtax wanet hesig el b;yop:rm-e’sses 3eSCr ~bed
i_~. the prior_art ;n sufficient detall for r eor od'.:ct icn. . ': he
~nvertion provi desMPASACERErd @6&13’5’3&51 & a’ﬁfe’ét,P, PR} YREBRZRE 1 @0
conposi tion of the t op t g ver:ticr: having

e 0 %ibé§ 90 R% g‘iﬁ %Q%% S %~ 40 {O§ .

ir-.iprowed sO~UTi clarrty VITET'S vi nyl idene
fluoride ar. %W@étwéhoﬂkébékenésoﬁs -uqrroo Rty Mopa D1EXBF & HIOT QREOPYI ere
are use=ui sem-crystali:ne t'~ernoclastics. As the u~~ content Increases in
the r,:ateri at'ser¢ heasr gst akyiarich eadec tedsesn oty s R @respondeagl y,
the fl exibili ty_and sol vent sen3| ti VI t)(] i ncr__ease Q her croperties change
as wetd, suchPad tRe §TFHCREFenEf ity RELHEE GRPA-YieXYecr eases with
i ncreasing H=~ con I 1 g:r r: = qol scat .o ~ as
menbrane =i ~trati e'\r/‘lgpéam . B8%382%l& 1\‘%pterfber 22'ch)léi %ﬁ%ﬁ C.
T LE"Li L~ T, Qelfsra’ rg@raF§ﬂorernv‘3&®{dﬁﬁgﬁJug.dc,gégfeﬁiﬂ L|L|Ch

. ~Cr S~ 3::'~ tra: ISpC ZC lr="~y ~ eis, — is des _rable to have
Si..ri~ ..c.c.rafs-ymers TF:CBZS?—'COPO@V&?E"“S rrtadre~ byw cc _ar.”™, ~nar.t
mat er ; aISWtI o T ~C~S Tnl(f'[ ‘g?
~OIT. Gi.A,.Se7 C?_ntl’“‘“s e§uﬁié*6’“ §6°\7§S§'~ &5 Ogrdibfb Tty. r'l=_ v~F
, ~~Fag C~J~ O” J réi@rée@'i?l)éldd‘ég h‘?'é%ﬁ%@‘vrx'go‘éerldﬁx ﬁﬁ&%’ofl" IO Oved
Solut”™ 1T or: propertles i nproved cl .r and ~"~idity , and | ower
~ne' _ting poié&dfscentcHFpaunlitsonnt mr“b' dm:/merlzl%mpwy tiegse obas nc
ct'.~. erwsse s~mlar tn_ o:~ur.~~~~ ., F? cor,te. " . and_ Iman; :facture known
.. the nr;orshsciosupeSeR P?FOQl@POFHE—IﬂR‘AW:I\IGS-Fﬁﬁﬁe 5P | 1k Tonpar i son
of the fi naI d| ff—re Lt al 4 nni_n coI or| celrsls( DSC, 75.1‘}‘&9.5)0| nt cf

coooi virers of “tR&= FAvEnt & on T2 Tetting poi Bt L:LJ rr~or art

conpounds “h0§§p§Y9hQQ§|%r'%h@e%&6§@¥iﬂé% to be expected tbererrow.
25 U.S. Patent 2,752,332 describes the synthesis of
VDF/chlorotriflucroethylene (JTFZ) copolymers having a
high uniformity of comonomer distributicn in its
olecular chains.

Baggett and Smith in High Polymers, Vol. XVIIZI,



~eta |. Fi~sre 2 stows the effect or. HFP |l evel on colvnmer ~xtrac~ibles in
d=nethyl weardzogpme (DMC) at 40C for ccpoiyners of the invention

copolymers of the F.=_"r ar. whose synthesis is described In det%i%lg'.DtelgfbgelirZeOO2
3 shows the relationsh=p between HFP co:.tent ar_d log cf gelatin.”. tine
from sol Lt ~on (2~ wo ~n propyl ene carbonate) of copolyners of the present
_:-:venticr. Hand oforcepdl =ener $96f 't h€hpritar dit JezavimgrzB5as=zp= ~ci ent
syr,t'~esis detail for reproduction. DETAI LED DESCRI PTI ON. The invention

provi des ccp&Pv~idrs of SA%yl i BRRESHuétitde Zmdthexad ] WRF9p? opyl ene : . awi ng

hexai ' ~uor opr.cpyl ene. content. of up.ta-ahoyt- Ocqa@g._—.;l,l . WO
98~38~42 6 Sggf%'ﬁﬁtg’}' 2“0%% ér’@%_jtg_a 8-‘~2~'r"6'o%§né\:@°§ ~aclt.” clar_cy ano
=y.:~C_=y ang.#:Q:ip e d&palmesl BESvHVIGRRGE: ,chlarls=SaascC
CWe..=e:'".= made ~DV a.~. - :L:~ sr.Cn pA VT .lerlZat~:~:: preCeSs,
L.'..t waspensry.l .cradmbisbt wt@onlproogssesimmidal asod cerrmged. I n an
enmu=s~cn pol ,.ner _zatien e=:,cess a _ eactc= is chargad w=th cie~cnized
wat er 3, ~, aaBEEt$EE~ :Dle s~.:rfactaat capable o' enulsifying th= react _or.

mass d::r~ng r ~- V. I feliogalasdya iR . € a..af n
ar.ti~ou_a.: ~, ~~rN.%':do“ne“hT%Er E’éé%“ﬁéé%ﬁ S%ra(fpr'op%nsé‘,‘g%%sé?ﬁ-fr ansf er
age::t tc ccpihf'-o ¥ Hrer-nphieputdpoltngdts, BRA rididd akHk-to V ~ .r V 1
start and ,:-~ai:.tai:~ the po~ynerizat' _on. ';'o certaint'.”.e VL~="i H\?
copol ymer s eolthe qur eseanity vand 2f duid) tvhe dongetr~afe icayyes o&n&/DF and

~i P nononers ~.s such t tLaWt the anc~: gt of HEr ii’ up, to 480 of the conbined
weigr.t c. téotbeXGRATARLIST i SPTHERAREGeldC and e NDE SIRP¥Y™eTS are =ec
cont .ruously th STt SR e fa]T) AN (R ti0. A F%SL&;%,IJ”I t amount of
the AP 'S uS 5 ligﬁ%‘n’o'—:’f'afrh'e tﬁv‘?g”%n k.’ed%\%(e&i gsgltCho "1 “e'%sr’lo%g?s fed con
t mucus iy . jFe8rebife 'FadP VDRYHEEDScabBlgmekere. M.t in t:M e ir.it=al
charge and :wing the continuous feed, a:.d eacch final polyner 2~~
~cr~.o00sitio” has defin=to aGHEMMARGL &F (IHE cNVENTIQE ~nyt al charge a.”.
cent inuous feed. ';'he process ~. :.ses our.ts ¢f VDF and ::=~ nenOnerS
s',:.Ch that the tQ%l*3Ef Aot PEPVEERPSUSEd S G5 T SUBRRTL 2498 of t he
comb’ _ned ~ct.al, e gt §iotAF A0S 5128100 £18AGAN, Ismd Pr essur | zed

pol ymeri zati on-reactor ecuipeed wth a“stirrer and heat control neans. The
t enpersat ure G.eddTe ytdEIpZBéheNceabaYalygdepeadkinmmors £ tdlgous 24
characteristics cf the initiator used, but it ~ s typically between 55 and
105", a:.d _we gbogigsrent 13e6a5epesaBEPr206ne. 0 Nadsint divdunicnptly  ~s
betwee: ~ % a: 14 ~. . -"e t erature i.s nat. ' imted.to this range,
hcweve~-, a: Qtflr'-r'“ﬁﬁz:v@gebceleﬁ?ht_ﬁe?ng. :ﬁB\?rgrme" ani gtn“-%e%@aw&%% or ~

owt enper at ur g J.nitd atore 4 spused. 8 THE 1 ¥RE/ pakRekatl in@m:used tfp the

pol yneri zation w 7 be dope.~.dent or. thé 5 tenperature chosen for
reactor.. T~comguressuterizigtheigbtyperceati extrsctamicalwiyc et ween 275C
and 6910 kPa) but i= can be higher if the equi pment pernits cperation at

hi ghél pr esstirie:s Tive PrissSut e>EsChpshecBRVER EntYy WietSien 3790 and 5860
kPa. Surfact qant,sva%%ed:f%/g\?tgglggi gg&lség,t LQr . A ;vat ersol ubi e, - hal caenat ed

surfactants, especi At | UCr i na arfactants such as the anmdni um
substi ~ut ed afADNHARNp Gt £1HBE¥gagaeni um or alkali metal salts of
perfluorinated cr partially fluorinated 15 al ky~ carboxyl ates, the
perfiucrinated B p&FEFaAtPLes dofi nEFFEd™pARToal k2. pbsphate esters, the
per flucrina~t,gdypery pactddlabyed [UOKINat eds aldsyho1e8l hers ar  pod ygt her
carboxyl ates, the perfluorinated or partially fluorinated al kyl

sul f gi>ates, and t3ed 280petRPUEPPRAYBG IS NFAHNGAIGRLFT %i0r Mk edPaP Ky |

sul fates. So specific, _but_naot ~Lr=itJ e l.es ;are. the_s s of the
aci ds descri bn%d"é) L RETEREC %mlEFIS%Q@@%)%H’i -&e&*rgé]nilgéé( (CF2)
NCOOM  wher ei 13 # Sr&W e 9968 ahnf hgotian@r iMdeS-an rd kadig esahe AMONI UM
25 substituted ammonium (e.g., alkylamne of 1 to 4 carbcn atons), or
guat ernary anmesun? i ®fC hoden tsaanthet 8§€r melomn@ toewi2(; Ul furic acid
esters of polyfluoroal kanols of the formula X(CF2) nCH20S03M where X and M
are as above:Capel¥REFS BRVERE 58PdS§28r Romgnal wWeagglygiBRsrent giSgpt enber
2002 ..... - LCT,... W. ,'v..-" G n~W'~ J .~ .v:'"~") WwlAre 5. a:.u
~d_. .T. .5r. ai® ~oy Fr -, -v .-.

- & -




a.,ov.. , r. ~ s as .. ~g~_om~,. ~ a: ~w: an =ntvje= =rQOT - LG
~, SuC 1a§gc?]8_|g(ldSSIu"10r LCrCOCLyI SL:1 Forate. '='~'le

Sur f 3CLal I L aYy' 2 c~m~ . ~~~ ~ L ~ ~ 17y WPl g~' Tt o@ pentgmber 2002
total ,T; :nCrl". . w==G':t 5 useC, and -nos_ preferably t'.”~. e s~, :rfa;
.tant chaYge ~s =om 0.~~ tc 0.20 by weight. The paraffin antifoula Nto~s

co :ventiona' poryzpRaey DCT rgcChaisn,satwratled; hdydrocar bon wax-QrH=ei | nmay be
used. Reactor | oadi ngs “of the paraffin are =rom0 =0 ~c 0.30 by wei ght on
the total noreweR-wei ght used A=~e~- the reactor has been charged with

dei eni zed wat er V\? N .and paraffi . n._antifou=. ant, the =eactor
is ei ~her purged tFi hltEO' e Sr Clrated IT Tehove Dﬁygen .~ ~e
reactor is broyghtsto,be: aRekAt -~ rHe i Ah chal nstL apst ey, agent.nay

optional |y be added. The-reactor is then. pressurized wih a m xture of

w~. ny=i dene Faocdberandsheeahl voysaddyilreneso Gdsnidvansfes_agants whicr.
rlay be used are well ~:ncwn _.. the pol ymerlzatlon of fluorinated
nmonomeY s. rl cCOheRSS céPbQﬁa?es'mI@é‘t &Yeéil*esec-@r'sbl%ﬂ&%ﬁm-e’?@ are oxygenat ed

conpounds whi Sh serye. as n-tr fer .agent Spi_em FI C,. but not Ilmt~n~
exanpl es, ar € l%bbrpg"‘ gp%ghm l%glﬁ%ch '&%%dgs—iﬁlb'e'd ’5§" Pat. No. k

360, 552, acet:pn@)n§ueheasafesebiedll kg $eoRainc N c%q 837,97, and ethyl
acetate, as described in ~he Pub' _ished Unexam ned Appl i cation (Kokal) 7P

5800' 57i ~. ~t;5repaarediab_se_srof:ese&poune@sam@ cm &era/el asnchagnp=:zar s _eY
agen';,s _:, the pol,,~nerization cF flucrinated ncnoners are hal ocarbons
and Y' :V, ~. =c¥at ocar bcns such as - =4 .~ WD 98/ 382 13 6 Septenber 2002
-, _¢= ccart ~4:| - (o I G r - W C3— .M. CnY)
3.9 e, papdiie %%che?{% SgPcEn '6 "’?t — me~~: 1 g
_Xa' "1 pl es aréovr;B@stm be@" bV EGEEL vt asso &ssé‘sﬁso ~?8Cr=r'eG
.’\ Lt . . CW. pIc~5997)and

,1-d~c' .~ drcmae,a,eexatibucr:ceeharﬁfcmsel&m:tm ’tlﬁh 2 (VHEENVS may be addeC

a.

aI~ pr:,” eSP%/lnrrr g . € reac: ~onS =nrc' 'ghc;:t the
FaC ~ i Cr. YRELF. fig V"“ELréﬁl §3m9 é‘@mrﬁ’@l thaPc?OfRﬁm L7r OQ- eSSeS
ttor= am:ur L5 an addi 4 ~Wigch is
used depends g?af\ eagcpr\t?\f §s§s %Qg%%t%r@gﬁﬁog‘ﬁeﬁ%e {cjl{esﬁpéed ﬁ%Tecul ar
wei ghts c: : araeet@rlstlcs of the product . T:”~.e amou.”.t of chair.-t arafer
age. ™. t used is from0.050 to 50 by weight on the ~ota~ r~Or. Gi2r we;g:
used, and prefer a 'bheyaﬁ\p*@merréﬁngd P 1visg cal Wamfgmrlsmmsreacem |s
pressurl zed by addi nc vin ~Cr de and hexa=l uor otp? opyl ene ~

concners in aWFThrte“ra |5 ?f PF§P°8 Péc sy| e'S55atd P TUTh $h4
h=xaf | uor opr opyl ene=sfanges-up- Egbég%hOfanfdh%onmmqi%:QhIh@f the ncnoner s

initially cragged. "~ he =first Gfective ratio used wil'_ depend cn the
—eI at ~ve reaciempmgloionsesbmhntnonbes pat-erliedpci yme~- ~zat i on t enper at e=a
c L osen. The rear-iv~ty e. v_:.y _idene fluoride aAd hexafluoropropylene

has been reported FR%. ‘-Boﬁépélé SMPOSEMERES PSR FIrGit P RREL 5pd (J' une
?5 =996). Tha (elaliye E?QCEh\’zé% LS %g% that .o Qhtai n ¢ ’paer&'cu' ar ur.
f orm copol ynmer~conpositron, AEX uoropropy] ene has t'o char ged tc

the reactor lﬂqib@ctélrlils@L:El l:|— bléaﬂgws'd tB@ 1wl ‘Cdl*lfgﬁla{-ech—ldltéb&&e
copol yner. At the conveni ent polynerization - 15
coating vehicles and as chemically resistant shaped

objects and films both supporzed and unsuppcrted.

[ o]
ui

Particular mention is made cf copolymers of the first
compositcion aspect of the present invention having
from abcut 2 weight% HFP content to about 8 weight¥%
HF?, still mcre particularly copolymers having abocut 3
o 6 welght% HFP which possess the inherent applied

38 use characraristics ¢f being particularly suitable as



wo 98i 38Zai~w;598%%9},enber 2002 renperatur= Yange of this ~nver.tion, aboLt
twi ce as ~A~uc’ .7

inthe initial fill as will appear ~:: the oolvner. The reaction can
started. and ma~nta~ned by the 5 add=Lion o= any suitable initiator known.
fcr t: oc_v,” ierizat~on ef f 1 uor inated nononers ;”clud~.nc i:organic
peroxi des, "redox:. conbLnatians, Q= £x dr Zsng- and.reducing agents,. and
organi c percxi des. ~xa;r; gfes “of typica _ 1norganic peroxides are the
anmoni um or 1Galbkacsr: g8t eparsdlds of L per st fat eSacwerreer.: Imave usef ul
activity int.”. e 65C to 105C tenperature range. "Redox" systens car.
operate at eveEmdOWRr:mt efper &Y. SXES Rl x@npt €32 F nekadazsomkiprattisons o.
oxi dants such, as _hydr,oggg;p’grnoxi de, t- but %}%,,mg_g_ogergxi de, cunene .S

hydr cper cxi de; ot~ pér 88F f & e 2 Safif Feduct®ant 5~ sich™ aS PRUUTED Snéfal*"al t s,
iron (11) salis being.a pakti I granp e, t i opal.ly.cophined,w.th
activators su‘c’h"r'la?tsds sodi u% for %Il“%éhydernful fo% ate obxaégg}gﬁi C 'gé“l’d. Anong
t he ormar _i ¢ pesr axdgesymbrehocan2Cdre sised frorethecpohyvenigzatizcr. are the
cl asses of dial kyl peroxides, peroxyesters, and peroxydi carbonates.

Exenpl ary o~ aizi«yt peroRiedargediana Mkyiahed okPde-Sof 2pesokyesters are
..-butyl peraqxypivalate_and t- |__peroxypivalate, and o~ 25 _ .

per cxydi car bgif%/\:tp%bra?% aft nyﬁpggl‘)‘pﬁeer’so%g“di?Farb%a?}étmanii S6pr6pvi
peroxydi car bonatye, lz%{'égédbwa)éltk_rﬁ%rsow crhonat e, e APda da2p6t Rylhexyl )
per oxydi car bonat e. e use of diisoprcpyi percxydicarbcnate for vinylidene
fluoride - 16 nvedW(Qr984382gu'valSepmtsenber 2002 p~~lvnme'i Z3~I C~. a::d

CCDCl yT' ler=Zat~C.'? Wti, : Cle. f:.ucr=rated nononer s is taught ~r. L~
. S .1Qat . Ne . 3Pa¥EIgBlazn@entsafse S rdiRkiTRAY | af| canpiyme=gopri=de;
hexa=| uor opr ORy_. gng Cogol ymoer.s -~S fu_ t h_e~t‘ ~lustrated_. H-~‘-]' S. “?at.

No. 4, 35e, 053 "°The-18% 02TPC&GPN- S¥ERA" Perdly d-dhirbondte@K>¢3nyl | aene
r=;:pride polyuperiz8tzor 75wk qlesg-Redhd Nisp hey Rubhespgdabngxant. . ed
Applicatio:~ (Kokai) J? 58065?11. The Cuant It;J QZ an | n?t latCr re~;il~"ed
ZO a . 1-.rGhadent | Zatt€ht HEPr eloatcechtt,0 ndre grdrwvitylantlyt he tenperature
used 10 for the polynerization. The total amput cf ir.~t~. atcr used is
genera=ly betGRRN-YNEXS PBVEIGa 2hPUeilghtvE IRt (RRX ¢l HRBnBRBESRE ght
used., Typical |y, sufilcie,~t .r.it~ M. | . at_th LAL .1 to start
t he reaction wa‘n‘d‘}?h%gﬁé% Pt i“b‘ﬁalllr‘?j:e?—?t 'at%rpal?rladeigb“ggtﬁl%?%gEFé‘ggggd to

mai ntain the pol yaerézati eApak AsCIRsdsdie. s dbelacibhi aber may be
added in pure form =r_ solution, in susperss.cr:, cr in enulsion,

dependi ng upowm theana=takfer chosen. As a particul ar exanple,

per oxydi car bonat es a,rﬂewcgnveni ently added ~n 20 t:.e form oy an aauecus
emul sion . As tre Teacti OHTPPGIr BEIES O™ I A% oF “ORAYLEEBR<F| uori de
and hexaf | uoroprcpylene § ~=S f i = defd nife-LatLe ecand
effect:.ve r a;foripb)'%/ba ésctgggr%agigﬁt*éﬁnn ars?él'cdtt?ocﬁ: ﬁ%sﬁégf"qﬁgqséggﬁggﬁ

ef =ecii ve ratgecsised ehaheaponds 150 wdieshmnuereuni KFpatoacdasired in the
final conposition of the copolyner, and it can range up to 240 of the
conmbi ned wei ghtibt PRESNBAXZAREASIHS ME fRAPTOMS PToWRY §1FhrBAgRoGE %t he
reaction. The feed.o{rvi nyl i dene H1_97 .0 9@38%4@ 9 Sept ember 2002

= ~ :oride, .CBxYELBrCr Epr §pyPE Sie, d (T oprs oY 2=y FhFt FATor and

chai rs-”ansfﬁi..hégsﬁia 28plied LU didr et o desigedisgacter fil.- ys
obta _nec. Upon reaching Phe desired reactor fW, the nononer feeds are
term nated. Tplarbbewe themicadiol wreridmarimgt Opts mum sol ution cla=ity and
m~-n~ma_ extractabies, all other feeds are stopped at the same tinme as ~"e
monom? feeds, andThiie lF¥FESECT PRAHIRF as? sHCFLER"AsCPPAEELEaBNe Ot

Al ternatively, to_achieve highest yvield. Ih X 0z_S0 ion clarity
and to extracrpabrsg, 23PPERct Egglutslm e"lro:a‘loea£1 ?%)rtbcﬁ%%n%grnrgg?aﬁgr“{ﬁg%oner is used
with optional cgeptiguali ap @f dd¥ rdddwicd reck: FoRateagt aogbsitheereaction
tenperature and agitation are maintained for a period of 20 to 3~~

m .. utes, butlackonger periaddocieheapatatier and a2gagatédein crder to
consunme nononmer to the point where the reactor pressure is no |onger fa
ding to any sPQESFFPEE: WREF&gredt AT 1T g Per?B8 Of EPfically 10 to 40

m nut g may bslgéﬁ%i‘dgsi QUG- the readi ;- outapeli ody DUELng i hReset thing

period, tenperaturé

hexafiucrcprcpyler _~e |:as to be char=ed to t?:gasggﬁe‘en;bgp 2002



20 mai ntained but ro ~:~itiator feed is used. ';'he reactor is then. cool
ed and vewi@ds/3stle product is recovered as a latex. To obtain drg JeBEénber 2002
the latex is coagul ated, the coagulumis separated and the separated

coagul um may be washed. 25 To provide powder, the coagulum ~s dried. For
the coagul ation. step, several well-known net!:ods can be used including
freezing) thexddididn di=actdsyor FaFed)der SREcHAA Tl Sheart Wi €A optiona_
heating. “he powder, if desired) can be further _ .g .. .6 Septenber 2002
processed i ntTG pel 3T S BT~ of AP~ RORvePERE TFES r‘?‘_f’dr‘ghﬁ‘gﬁfécfol | owi ng

Exanpl es further..dlddstralesthe besty Apdeeentenplal ed hy.- the inventors for
carrying out their invention and aré to be construed as illustrative and
not as in |imdmtioed theseedich Mebtevnscasi iypreasrreenentsr@mr esdy ASTM
D3835 at 232C and 100 s'*. Thermal properties are neasured with a
Differential Scamfhi§ Y or ¢t of L ¢OBEY 2LV AR SCE-SASTMTB. ~1 8. As used
t.hroughout the description.and followin clains) any reference to HFP
content is r@Fegre@nﬁeajtbya%I HEPY £t AT “det er mi ned by the follow ng Method

A: 10 | ~~Zet hod, A HEP, :cOpd ent - 1es-g8 eeAENed Y vk lax- BdRacgording to
t-he signal assignnents and nethod described in Pianca et al., PoTyrrer, vol .
28, 224-230 (Feb.ita87)conpdinitiond08sspect pbnether fatveditGch N Hz was used.
Spectra were obtained either in deuterated dineth; ~ formam de at 50C with
an excitation pul SP&FRh BINBLON ntEr BeEB0RAs SARGIEMEESCISE detay 1 ~ of 10
seconds, in deuterated dinethyl sulfgxide at 80C ywth _an excitation pulse

Q
wi dt h of 6.0°rﬁ'c‘_r‘bsecdrr S an yecycT'e déI‘fa~~ of 5 second‘s,“ or in deuterated
acetgne at ~QCWiHAD abExCihat | 198s Pl BEx¥F dLBrebr8pd 1! esagals &nd a
recycle delay of 20 seconds. Ml ecul ar weights were neasured by size
excl usi on chrfamat araphy2 (VBEQht A hexafiusisprCpyherarattagragghi devi ce
wth a set of PL gel 2 mixed B colums with bead ' '0 size of 10 mcrons
was used at &% IGHET at iRRF T ERpEt Bt Vir 818FC 168 NBPEECH: 280Udi retRASI f oxi de
(DM5 ~) was ysed p | uant, ate f ' im . .The sanples were
prepared by -“19° a%‘%i%é?ﬁ‘:é%' Sep}b%y é?‘t‘gﬁgér?’ﬁ;g@\?hgti rl .mP:’irg):. .
L:~"~J~ =0 paklGumS vl -#“ose Gaving. abdl@S 3-wkighkowed 'by t__t_at~on
EXAMPLE 1 Into a_ 7.~ liter. Stain-eSS Steel reactC-" we=a
135 rexaZlucropropylene.
The electrochemical cells of which the second
compesition cf matter aspect of this invention is an

.mprovement are described in PCT Application WO

93/06322, European Patent Application 95 120 660.6-

| (9]
[

w

, published as number 730,316 Al on September 4,

t)

- -

23866 and U.S. Patent 5,296,318. The disclosures of
zhe PCT applicatzion, the EBuropean application and the
U.S. Patent are hereby incorporated by reference. In

additcion to use of solution casting technigques for

&N
Ul
0

reparation of films for use in battery constructions
as described in the aforementioned references, use of

extrusicn technigues to prepare such films and the

- 9 -



carced. 4. 99vb9gGg246€i eni zed water, G 236 k3 cf a 1 wt ~ solution of a
rr:ixtLre of per=~ ::o0~o0a=ka:.oa~e saps, and 0.0 kg of aaraff~. .

'‘he rr. xture was purges w~ th r.itro~e.”. ar.d agitates for 3~%~§&ﬁéﬂP@§?002
The reactor was seal ed and heated to 80 dagrees Celsius. 'r'he reactor was
c ~araed wit'.~. C. 355 kg of vinyl~dene 10 tl~.~or=de) 0.049 kg o.

hexaf | uor opropytene:i=s rrafd-0 f-48 vhayssrdenzr=f alger wdgid2rr az23,

hexaf | ucropropyler:ei, and 0.120 kg cf a 5 wo solution c. ethy~. acetate
in deior.ized watei: Thhe react igerondittonsanepetseabiels Zed atcBO=degr ees
Cel sius and 4480 kPa, and 15 then the pol ymerization was begun by

i ntroducwng 0-928 k& of Var it iHtoT - ¥heFSi 8n cchsESESR/E “of- 2 8fto-Cn

di - npropyl pefoxydi.carhqnat L. A5 o pixed.perLliucroal-kanoate salts

di spersed in égf%nkiedﬂhﬂegi' q%'é%is%%?eg%bgg'fo JES *kPaWth the
add~.tion of fhe:-Cozns b il iidsiand Thersol yBer t2abee Wasks
mai:.tair.ed cy t:e addition cf the initiator emulsion at the rate cf 0.112
kg pers'.”. o~=nanandchprties addinioiced &rom: PXDErEFSf cepmilvinderse
fIuoride/hexaj[qogopLgEyLene inthe ratio 95 vinxiidene fluoride/5

hexaf | uor opr op§Yend §6725 3%s R Giul 1T M pr eSSUF BR-AFYEF RS 2RGuryy total s
cf 1.890 kg of .yiLpylLidepe fluaride;and. 40, kKg. 0ok -he L.ugr.qpr.epyi ene had
been char ged %b“%he“%éa%fSFE%ﬁff ?Eedé ﬁ%%% éfogggafbg%‘“tﬁ§%§%ébt%WPWBs
cool ed. AfterrSoabAutescef. qaolHaiy,zagh tisdd nosSpeedaWas ha r2@vpsr -'y¥m

98i 3824'' 6 Septenber 2002 =du..ed ty ?'"~" c a:-:d surcius gases we==
va::t=..".. ncpratyCerswaeg StEme@sartie yradtt:cWiSrbivede’ bap'-er@aE .. ' ~.,
ar;t~ler. it Was entled OF |atex. ?QYm- : =S~ W5 isalated.

by- coagui at i ng2Y hBS| aFBX CVREs A& 1¥<f T eSF22 1yt §8=F BS 1 HFERSHGNS ng wat er
and dr.~rat solids at : i LS. ~yiel d_._ine.powder. T:-~e
resin so nadegﬁggbé'rj?é?t c§~§é§§§§%@%%};§§%gh§§ég %?E"r‘r%l‘%%ng poi nt
of 152 degr eesafe)sassdanddmdvahaid | asssPrapys epe Bavtagt samineasured by
DIMR of 5.4 wt% ;D EXAMPLE 2 into a 7. _ liter, stainless steel reactor
were c::argedodrge3trRgecHrdeicomntiesrdd sineres Iz@3DPKkgrvbcasgew % sol uti on o:
a mxture of pgrngorgaLKanoateﬁgalt%iwa:p.004zg?ﬁo.npaéaffin wax. The

m xture was puryed*t8% W NS RTYSerd T amd® ayit at et For 9863 F4i ISt es. The
r=_a~tor was sgalsgd.and-peated to 80 degrees Cel sius. The reactor was
charged with 0.415 kg of inyl~dene iuo=ide, 0.215 kg of hexafl uoropropyl ene
(a ratio of 5 ~=nyfhdenevihudmninde/x 34, e iuok cpnopy | esepesandoz0 0. 010 kg
of ethyl acetate. The pressure was at 4895 '.rya. The reaction c;~nd~ticns
were stabil i zZREPAFC802dEFrEES el 15, CAMRP T HekPR het pblignéiFSati on. was
begun by introducing. 0.04 -of hnitiator enulsion consisting of 2 wt%
di - n- propyl p%?%&%lgég?:gb%g?%%n@afz%t% 1]5%\;/&‘% Jfﬁgtelaa\ﬁjérzlgi UBFOSIVI?gl‘noat e
salts dispersgd:.p.dai enixzed WatrRy .f [Rheipiessure dropped upon initiation

and ' _t was then ;nmaintained at 482S kPa. " ="' he polynerizati on was
mai nta®_ned by theCagdilvimenrscfo heinivi idérs of leomiS¢oandt the rate of 0.176
kg per hour, - 21 ' wo 9si.38?~t? 6 Septenber 2002 On,.d b~; t-~A

aadit_c:: cf ReKAFLUEIPISHYIENME D YR XA FPVeE - 62V E % exa=| uer corccvl er . e
i.™. t:~a ratj Z ~nny..=dene LI ~delA6. h f= ropylene so as to
mai nt ai n presé%f%?lingéfofgg%ﬁiﬁ%ﬁgt%?%fi% %éﬁifggéggg‘é¥gvinyiidene
“luoride and @néd4hokaaek ilcse: t Iz cHOHOPrIyt ene bagdrbgeascharged t0 W:e
; ~?aCLG. Mo. ™. oner feeds were stepped, and residual rrcromer was .. ~ ,
cchsunmed by nmatexiadsn. tig tInydrallimiwy doseasesfeaddr and BC decree
Ce.:sius ~or 20 m:~utes. The ~. it=ator feed and.ag~tat;cr: were stopped
and tie reactBF *REECIF AT Ced To SEITHR 10" AlEeSo ¥lhe reactor was
cooled to ~5 dggLees GehSius,ratand ed,oand- theg,LLl. vas eﬂah'?sdagf | at ex.

Pcl ymer resin was isolated by coagula~ing tre Tatex, washlr.g the resulting
sclids with beelingswateras arice diyialg tdie- Sod i ts:at , 60hdeyr degrEelsaisus to
_S ~'"_eld z=ne powder. The resin so nmade had a nel:. 1-~scos'_t~r of 122C
Pa . s, had a"BSs8 mBICYEAFGPOITHT® gFonaedegr Best &8k sPus2tdnd had a
hexaf | ucropropyl ene _caontent_ as neasured by N-l~ oL _17.2 wt.% ~, XAMPLE 3
(Conparati ve Eégﬁﬁﬁgﬂﬁgqgaﬁﬁﬂ%eiﬁ Eﬁﬁg7%¥b A 75 rTPer ®Tstainl ess stee
reactor were charged 4.799 kg o~ deionized water, 0.230 kg of a wt%
soluticn of a m xture of perfluoroal kanoate _salts, and 0.004 kg of paraffin
wax. The m xture was purged with ni:.rogen and agitated for 3C m nutes. The
25 reactor was sealed and heated to 80 degrees Cel sius. The reactor was
charged with 0.400 kg of vinylidene fluoride, 0.030 kg of

hexaf | uor cpropyl ene (a ratio of 93 v~nylidene fluo~ide/7

hexaf | uor opropyl ene), and C 120 kg cf a 5 wt.s soiu~ior. of ethyl acetate
in- 22 WD 981 38243 6 Septenber 200z Cc=Cl:=~eC sn'c'W; . T:: ==a-~tl

PN 1 N ~:r ~1 1 e ~ A N 1 o~



.0 ~~~I'nyl dene flucride/'1 hexafluorcpropylene so as to ma;:.tain
pressure. WOWH8B- hours) totals or 1.890 ka of vinylidene f | BoSdpdemtpard 2002
0. 140 kg of hexafl uoropropyi ere had been charged to the reactor. Mnoner
feeds were stopped, and residual nmonomer was 15 ccnsunmed by maintaining the
initiator emul s~or. ;eed and 80 degrees Celsius for 20 m nutes. The
initiator feed:AQr}(&@g_l;t—a, t1 Ofh1Wer ea st eppedcraned-t-he Jeact.ofr was al | oned
to~ settle for 10 minutes. The reactor. was cool ed to 45 degrees Cel sius,
vented) aad therrspagss: 20 Brti Bucn=sbiuexcrPekprBr esint was:isol at ed by
coagul ating the |atex, washing the resulti ng solids with boiling water, and

drying the solfy<&3&" in‘otegar ﬁ'vc'él*‘é?ﬁs fo-§i ePY f:m"éaﬁbmf‘e”r* The resin so

made had a nel-t.vi;scos_.ty ofy25 Sy ohad,2 PSC.25 el ting nt of 154
degrees Cel si Us, \éa%d had aé)hexa%%p?%p??enepcontent‘ asf; rreas%gjed by NNR

of 6.0 Ww.% EXAMPIE 4 Iaﬁ@aacza&e-stel st aknbess rsireel :reactor-fwere - 23

V1' O 98/382.t. 30 6 Septenber 2002 :a=gec . . . J Kg :,f ceion=zed
vater, Sy . C-Pregeglk s 0= SOMS: 1-sclcmfy?'o@la‘lc@ﬂ alﬁmzw r §re=VDF,/EFP
pe=Fl uor oa=kancat ~ sa' ts C~~S araf =in_ oil . T:.:e reactor was , and

C. ~ e~ racu&Peg-aMf Redtcd C'cr“a ‘f‘eeﬁpe?%?ﬁr ePteT S¥trTdegréesSCe- s _us
duri-+g the chapings al Ag ddlslaes; uses. mdEol3Ee haaGtor ey e added
12.0 kg of v=; dene ~uo=Ide, ka of hexafl uoropropylene (a ratio cf
94 vin yr- dene-f.: Hiuer,i deld ﬁév@ﬁr-ﬂiﬂ:ﬂiv@rﬁﬁﬂytﬁ’ Le; comparidog 5 kg ef
et~yl acetate, which brought the reactor pressure to 4480 kPa. During the
pressuri zati oﬁﬁ°wﬁ@ﬁ~ﬁﬁé%é@ﬂ/é‘ﬁ%a@:m ﬂBS k‘Pé ca eewdsef similiai at or
enul si,gn consi gt of 2 vvt(V er oxydi ca=ponate and 0. 15 wm %

m xed*per ==ucfoal Egﬁdat‘er matﬂ citg‘eﬁc‘p}ﬁ 2 oni z83@ RATEF R&S ‘begu:: a

red was nmaintained at 9 . Q%dm%w&@mggﬁlat or emul sion had
been added. '"he .ate of further rnitrator enulrsron addition was adjusted
so as to ma=retai nragtatall rﬁImmmorfﬂmdm@:ﬁeobftEi fikgih. A nonomer
mxtura in the ratio 94 vi..~.ylidene flucride/6 hexaFl uo= =opr opyi ene was
fed to the reaétférr§e5~a§qc$<:ran%nﬁ aﬁ@%@ggwré/ 4PS34802kPananpPinthe

tota' _s of 85,3 k cf V|n e_lFIu |d_e gn g exafluorepropyl ene
had been ca=g8d £3°Che reactor H* ’f ret E’to gédme ha"PesPdiar
nonongs was censunfe@vbséﬂmwranaﬂdurrws %&@é St14sc 9081 30k EakikgR - g g~EnnENOL €5
and then by nai nt ai ni ng 91 Celsius for 35 r~. I::utes . The reactor was

cool ed, ventedztand .enptied o. |atex. Polymer resi n was isol ated by

coagul ating the latex., was'.:ing the I‘F%Hln SO|IdS wth water, a::d
drying the solids foF& ¢ Y DoRRreI IRt resIR? [gVEL QB RRAYVESHel
viscosity of ;Z%QaEalFbu %ag $P t&}? carbnglgwgﬁé?' §~5$BES”DSL 2002
me_t ~~pc_~: €es I'swaz=, : exa~' _uorc :
W_e-:e ccr. tetc%o&&nﬁ&&’s@f‘&hﬁ “L'IVE"'ltirc'x"R a:r-rﬂ ca\polymeachQoméPLES 5 to 12
Copol ymers e. exanples 5 tc 3 are made s' _-r.~~a= v tc S CCPOi yner s of
Exanpkés 1 or BT -ar-@6: wReSATEYE e h@npF ede 9o pbed aﬁeﬂﬁﬁde Si m iar~y ~o
ccpo~yners o~ ~' xai\-al es or. 4 amc)irr are s: L

TABLE T EXPERI MENTAL ééloé’ra & TR Ba0ThTR 152 (Yﬁrat Fag~ exanpl ewhr ch
the exanpl el s c$irfeh@r areof-ckl ?%&%T&np@mx Uf8pm solution (20 wth
080BCBO8080808091808091801' ress
kPa9SSWSZSQSS&Q@&@@@&&@%%W&MﬂBﬂQM&@SBW@B@I aftthé Frkkeha) Water,
kg4 7999 9134 B374.' 7684 7974 7239 7992DU 04 B379 76R20004 I23VUF kg0 3550
4150 36S0 36504600 1060FUDPD HPBIOTEBS AT 0079 BIARP, 2KF0h 18499921SD D300

129D. 1630. 207Q_ 300, D17 Ac_ ol 120- U 0800

1600. 1300 200% “110-0 868"8 >%6tg‘ %Lﬁz@%ﬁ kg§u%r§68$'99-89%--07 t11' P

Enul si un, kgU 0260 0900 0260 U3gfTRA366n08e8cR264 108 0260 033370 0.t01

S total sVDF) kgl 8901 5851 9151 7951 -1001 S901 B9085 31 9951 74S771L

58511FP, kg0 1900 9980 ig830n 12880 B30 d9d Capoby#eressd 2851360e18St JPP

Enul si on, kgO_S060 4600 913U 4220. 3520. 4630 90S8_ 5D 5400 49183V 563htel t

Viscostty, Pa- PFOER 33 0BT 57%%’@%%‘2%3%4%22%16&061‘ >08502 UMEl trng

Point, ' Cl1S21t. %@i%]ﬁ_éﬁ%%é&B%&GPgl yOeLpLEEP, oW {,55414523 412

514 817 05 89 64 911 811 ~18 1[al Per-fl uoroal kanoate saltsol utron,

per fl uor oal kanoate salts) paraffinway¥, andparaffinoil rne;,anples Stol2

wer et he sanme as tn the simlardetail edexanpl-es wo 9si 3sz.s~ 6 Septenber

2002 T ~~SCLut ~on; s~ a: i r~ inmp=o,red clar,~,. T~= _anfl~.. .. ty~~ as used
r_."~. e sF.ec =at_c:: a.».N ..=Gl~TIJ .._ This a~~licat~cn neans t:_a~

the s~iut=c :w,a ) cf any par ~|cular copol ymer c~ t::is ~nve::tion having

a particular nomnal FF? co:~ter_t w crovid_so.:ut~ " A" 'onfs)

havi::g descriptive “ropertie= ara-. ogous to those shown by Exanpl a ..

able IT V\,hen di ssol ved |n arv of the solvents listed at the sane



c:,colymer :.a~.rine about the same particular no,~. inal HFP conte::t nade

by a typi‘ﬁ%igs’ﬁqzé?:ess described .n detail ~.~. the prior art provigdgsptember 2002
sol ution descri-ptive properties anal ogous to those shown in "' _"able |I. for
Exanpl e 12. EVALUATI ON OF THE SCLUTI ON PROPERTI ES OF THE _ 5 EXAMP~~~ES Tha

solution properties of exanples. 2 and ;2 are shown in Table il. Mxtures of
the inai ca: . 68 weSght perte St et 8-prepared, 208 mg heat = WhdA® necessary
t.o dissol ve the. .palyne/. ﬁé)imiﬁf%y aRfl, C.opzm A clear. saol yt.ion. _Sol utions
were then al Fowed to C¢ool” and observed da:.iy-ovér a period of Two weeks.
“he copol ynepzd=shovwed axediced tendeseyzkoige’ pardexd ba.el earer than the
copol yner 12. The retention of f;uidity ai:d clarity by the copolynmer 2 25
is adva.”.t ageepsisn Sap@nc-c3n 4 WhsonhPEhce8Ffsonapolaiser molweedns, such as
in the production of cast :.filnms and nenbranes. The reduction in

tende. . cy toRafd §EMatTION P 1HA todd=t UePs “EFSthé rS%ser= t*F nventi on
.S =~ thezpz, glg w0 WhiB2al6 Seplenber 2002:.3:,0W (s vs Jable =~
The c~;atic.®.” nfr.es c= orc~viene carbonate soflutio”s c= sone cf th_
2xanol es ar ecgpadiewn ~endlsiaplieg thRheesettsasndesamt o s.gresj rheoneter
DSR-200 was used to neas~ara the %zeﬂ!qatIOr: timeS O 20 W o SO 1:ti0.M.s O
tt'le 5 pol ypetsmeqlgedppondazaborat @~ heupedpyl gdeydardsormt e was of

nom nal 99. 7% puri_t%) . yIhe rheometer was fitted with a Pelt;er fixture and
solve::t trapr R 28 mm A1 (R ERY 4R0dhet F{2nas "2 3r$¢@ wad% 2 yap o. 1
mm Sol id copolyger uas mmed A0 dLiDapropyLene gaubanate Al qom
tenperature on 'the day of ‘nmeasurenent, the contai ner was Sealed, and the
sol u~i on wassteraednky rhdaidauh artte spoIvhagitheion. i X Thue-dit hehseal ed
container for 1.0 hour in a Pierce Reacti-Therm- Heating/Stirring Mdule
set at 15 120€F /HEPheopsllinmesits ere U EeRF§AT oaBEENEE OChe t1®d or t he

di ssol ution period.inta_the t,,egltDr#ieréJrﬁ__, wh~c: ~~ was _preset at 100C. A

t enper at ure tBoFfFAg r“%‘rﬁjglen Gynat CHEFTT AT 3Py fibde -8t S5 WS begun as
soon as the fixtype teMRer aify 6 4 a1eaih | 4P abed- rC BbnbOAGd weigh=
re-equilibration. typically required a mnute or less. The cooli™ng ranp was
from 100C t oc315€rat mancatee 0~ 30/ ad 1 YWhenards€, wasdr eaehedpra ahdr nut e
equilibration tinme was used, and then a tinme sweep neasurene.”.t was

—

begu-2.. TheHEAnpFE w&s KENT HUD5S N5 A YHICE het PRNESRESH NEASUT enent
per f or med atr% Ladiprgn%.m;me_ tidTe sweep, was cont inyed ur ~%.‘1= the eel point
-Th it was taken r * Wi CR

was reached. g gelr pan aken ‘as the point~at “the sol ution
storage nodubysp:Geg addHie ekt stier & febesane - addalsivihe mal 30
time was taken as the tine duration in the tine - 28 WO 98! 3824 6

Sept enber 2002FsWF@ecatcé Oredtre dilfexentobn nte. iFitipd' chmxige ar®Brcen-~
i:_ ~at~.on hetwe .. . cor .. arc.t:.ei~,ga=~tnz- cs the gelation t~"~e
0. -~e 2~ W E=EpYPerds CABOIRIYS TR, otedi 82Chont PAFnPRIgTSTe . |
G3r:,~a 5ee. 2. LLclat =oha CQIQ2i =S G Lf:.=Ld~5L1L 3 cover t7~cn have
? ongér gelafion 7. Mes t~an the -~ copo~ y*Te" "s pr epaxeé? accor~irg tc
t:~e pr for as:t:aveciareyavinie dangenodusFP=6ant eThet protleses Yedied
tandenc;r towarc geiation by the copcivners ¢ ti:e prasar.t irve:~t:.Gnis
advant ageous <PR2pr 66@38ILFy FuciDF hd [ EEDrTeneBer $i FHrEastiang tée3 ct!: er

soi ut ~or. acni écat;_i ans... 29 _. WO 98/382. 126 Sgg;enber_hZOQZT%BLEd

| | SOLUTI ONPROBRETFESHcilite Y555t atar R e~ 2ne a7 Ut : &t * 0Ok, he combine
a.-.d.,.,:veatExamle8.orE M \mdi9%@e AMEN _u=d, clearFluid cleari 0~C%

i ::MEKfluid)clearby aay 2, ~oose ~e~,clear:0%1:~MENb; dayl 4, sonegel, clear
by day :, |oose ga@he .reacmmd;i)s by meyssuriged lpbdyoy r@%a cikinpKF u;
d,clearFluid, c:ear?Ca i nMPf~Fl uid,clearby hour 2, sone ge=,clear, by day
1) gel ) sl i ghFERCERPFURRGREFM 'BIKFE (7 dS et 882 H~2F2dB§2E, CEBIEFSE ear2 GLO%

i :~CPOluid)clearFluid,_clearlJo inCHOFl uid)clearfluid).clear~0< i C i by
day2., soneg@lef‘ngl'earﬂkyct aﬁ% f]a“s%‘rr% %‘elf‘% e%?? y“ﬁéﬁaz,‘ogoﬁgngé“la,r!: oudylJa
~ ~EcOACH | Ui deplke@iR) daY rhe SHE-Hetedeafics anEERACEhyt :d-drearby day 1,
fl uid, cl oudy, by day sonme3 Ogel, cl oudyl0% -....-PrQAcfluid)c' _earfluid,

cl ear 10% i ni u2e@Acfdur, id, o earyyicayly)osowesgef 58l 2ad1005°C, and

i NEGVEAf | ui d, cl earby day 6) gel, clear35:0%i.”. CMCf | uid)clearby day -,
sone gel, cl ear<0% i nDMCf | ui d, cl ear by day _)1, sonme gel, cl oudy; by day

2, most 1 y4 Ogel, cloudy200 i.”.Blend 2f| ¢i*d,"cl earby day 14, flmd, cicudy -
30



~'~ 98~38~'~' 6 Septenber 2002 ~O~ ~ T ~.".;~a '~a~ pAy' .T,er
COn. M e. N V(S%!s are vvt o ',Inles S~3~e~~. ct :erw-se. M~ C S geg

eti:y' _ etcne, ~IF?~: .s methyl pr~pyl ketone, M 3K is nethyl =soh= e[nber 200.
k=to”:e , C?0. s cycl open tanone , ~i~.'~, is c:~clchei:ar.c::e 5 ~t GAC
is ethyl acetate, :~-PrOAc ~s n-propyl acetate, -PrQOAc is ~sopropy'

acetate, ~GQVEA ;s eth;rlene glycol nononet?:yi a ther acetate ) DMC is

d~: netyl carhosateonBeenen2 liys 1co;uspassivadn 3552 grad t $5ME3K, T28. B parts
CHO, and 30 parts DMC b, ,r weight. - 3~ WO 981382.i 2 TABLE Il A SOLUTI ON
GELATI ON TI M7 BERERT ipx amt~+10ived, Gipdias 1awgeQ rewever, and

~i mel425 5123342339404 28, 322 1 109 4|0 31G3, ﬁv9 277, GOC2

, 62, 400121471901247, 56% % %“E? 509152% At %?gh “pro<y |éﬁe
carbonate. GebpkO8-gkanenis: anoszeqcmﬁsea% EVAL UATH Ok OF - ELLMcGLOSS AND
CLARI TY 6 Septenber 2002 Some o~ ti:e "“on-Belied solutions from one

scl uLi cn prapsaeéryunesbs m@ﬂmseaattaqml&eﬂﬂ | ves der3@“d=nWb98tBSZ 12 6

Septenber 2002 "l ~s. 11 2' SCeC LO= ~'~0gg ar:” Car;'~ %, T-"1~

~l _1"3" ~s wet¥TREER - BR=a“enEe -f?p & §255* Pha= ‘t‘% mresgurﬁ c§ EBEm 2A s~ a
7 me;.er d= p itgs b r p he.cast =filns
wer e CY| ed f70= r@egt gﬁs &t - &%%ge?{p(?ao?gztdl;greg{ Fi @ IIggsessg\a/;/asrcc’.igter’\~~’\ea
S.:sing a Fism’éeiia@al?rgal 8S§hBe 2 £ thes ediBiffent aflgvrhrg results are
showy in Table I'l'l. Filmhaze was neasured by determ ning the whiteness

i ndex i Cl ELA4¢*avhod ag) héfhetepkielsmugie t h&id qrressiore ps/moef t:--~e
opacity chart usin unterLab can cclaorirneter, and the results
are shown inc%‘b?'eg?r\}'tg PREWFFom ?3?90@%%% ﬁiﬁ/%d h'_gher gloss from a
wi deryurge ef sol yents-thap fLEg& i O GO R KRS : Lhebazeg o filns
from 2 and 12 was gene?a?ﬁysm ~n=| ar, but "not’i cealljzﬁ?a }ess ﬁgze \%\gs observed
in:5 =i'_nmesdlwme, |ha$ektehalcednsha~rfma—fﬁte, r@u&dﬁallyaken t oget “er, show
t hat VDF/ HFP copol ymer ef the cresent =nventicn denonstrates an ~acreased
ut' litv TerEhiehigrees, snrgﬁcwalﬁ§p5ﬂ-'§rkm@srmhﬁ a?ﬁ!pin%:awons - 33 WO
981 38242 TABLE ||| _GLOSS.OF CA >l MTET a d soiven=
(a'. .0 i 20°%R85+n KER T@mgm?)m g,b e""% I aﬂf@ﬂﬂwi ’\oﬁt?jﬁ\éaib%l n

deg:jrpre?\c 100nd Pai- 5006 30 BePrDMoriQUcBBL eigh 4 A 0S5, s TO-HEgRe84: 60

15 alky.l carboxylates, the perflucrinated or partially
flucrinated monoalkyl phosphate esters, the

erflucrinated cr partially fluorinated alkyl ether or

g

polyether carboxylates, the perfluorinated or
parcially fluorinated alkyl sulfonates, and the

20 perflucrinated or partially fluorinated alkyl
sulfates. Some specific, but not limiting examples
are the salts of the acids described in U.S. Pat. No.
2,559,752 of the formula X(CF,),COOM, wherein X is
hydrogen or fluorine, M is an alkali metal, ammonium,

25 substituted ammonium (e.g., alkylamine of 1 to 4
carben atoms), or gquaternary ammonium ion, and n is an
integer from 6 to 20; sulfuric acid esters of
poiyfluorcalkanols of the formula X(CF,)CH50SO;M,

where X and M are as above; and salts of the acids of

- 13 -



Exanpl e 2 Er:anpie 33.6i 69.031.3,6B.73l.4/ 68.9y.3%8.70.7
/16.9%. 0, : WP.9B28242! 66. 629. 4/ 6B. 031. 9/ 70.1i 6.0/ =7.031. 6/ 6 September 2002
69. 415. 4/ 56. 335.4/ 7Q 630.1/68.634.6/ 71.20.1/2.4 6 Septenber 20&2 %a
Fo=ynmer concentration and sol ven~ i ndicates the wt% and solven: the filns
were cast from MEK is nethyl et::yl ketone, hlPK ~s nethyl propyl ketone,
CPO i s cycl opentanboer EeOAC ;i et hylCiacet 3t 64, nwRe@AC Y srrt prgpyd acet ate,
i-PrOAc is ~soprooyl'acetate, DMCis anethyl_calbonage, Blend 2 is
conposed of ~3F2PYYarts #ét Ryl Fs&AFRYI-FE ohe)~ 29: 82p&r f's ~€~3@ ohexanone,
and 30 parts DMC by wekght. .- 34- . I : LV CLARITY OF CAST
FILMS 6 Sept erfbeT“%%OZ“gé’itn. ,“~r%e%r C"-‘arsi“tcz/{%J %éﬁ%"@gé%gé‘?r .ce::~ -atior.
land sol vent (& ExanpleofExa; Bp1&cEHQ0 ~IrhdVEKGy 590 Qrs_ 8 a%ge  MPK6 .
19"~ ~ . -~al 0% ~_. CPOL5 . 19 S . 5610%in EtQAc7.385.8-i1C~100 In

n- PT' QACS. 0' 4' #x 31 10% 5% . —o- PEOAYS Wwaight 310 he toOMIBmendtsr. we:3209% ~a
3l end 25.361% 85' S[a' Po' _yner concentration and_sol ven= i ndi catesthe wt %
an3sol vent t he!93% nsaWér BEASt PERSAY APRR S Gretshiyf @Stant: chaggeoné PFPP: i s
met Y: yl propyl.ketone), ~S.cyel opent ne, EtCA~ .sethyl acetate,

n- Pr QAci s n- propyl Qcéfgggi“rfpr CREE ~1sopropyl acetate, DMC~s di net hyi
carbcaate, Bend ~ igrinpesedron 3htd RAISIERLIY| cbspbyt Yhnbhcet aRg) 29 8
partsc; ~cl ohexazene, and 30 parts DMC by weigh .'[b) Gu=de to haze:L* < %o
haze< L* < 9vergrgichndin, haatu%aceld dqyltsidghiiomazaxlox bil<mabmbder at e
hazel5 < L*severs_ haze - 3~ WD 981 38242 6 Sept ember 2002 EVALUATI ON OF
TFi E THERVAL aRGPERTIBESReror) Lpppipgs- 9fs We AL fan ABP EFrAg Po'0v% ~ ~s
an | m~r~a. ™. anpter in.th e.and pr.ocess= f se:nicrystall~.re
polynéfg. It ;%Pg%bﬂﬁ.g¥h5€‘%?ieg$iF%%_qﬁg%ﬂiﬁ?éﬁhék %%i%rgléﬁﬁ%Copolyners
~s relatec to the HEP-gentge. tehB bt NGEP RN @ Srgdiewl ehakioBhstaseen
HFP content and final nelting point ef the V ~F/:~i FP copol yner exanpl es
~.s st-:own i wdFigur esurfTheavopokydersxdf fite anestotlannyentecn and t he
copol yners prepared accord=ng tc the prior art svr_thesis which details are
avai | abl e can 12Seeh 1d GL-T2EnPHFPSSr ST XSIRPEP0i P evacpgesd to
indicating thaf_ r Lfferent ri.al; | d.he_prij ~-Copol yners
havi ng a highé?“%%f%is*fagﬁéinfggtrggéﬁ&gﬁlﬁk é%?iéén%s #%ép%%%éggﬁﬁlting
poi nt pyopertyzid Sersit heranpd=ry R comadheqyraesent 1y nvenkzaracan tald ow
_ower processing tenperatures than for the prior art syn;.hesis copol yners.
EVALU TI ON OF PERATTABE EShEN PFREFMYL ZGARBANA-' £ Gexerre PEocedure C 1g of

pol yner and 99 of d-~methyl.carbanate were pl.aced in a ¢l osed 25 m
cont ai ner. TrgvC%Yn%%Tseoflfﬁ@‘88nﬁ&4ﬁ§“*éﬁ%?%ﬁﬁﬁ?%ﬁ%f?y‘agitated by

appropriate nmeans V\’Bﬁé?nggg?ghgif_@irnggtelﬁ%sd%ir&g A LPPSEaLULE Dy.appnqpriate

means for 24 hours. The er tire contents of the cor.~ainer were then
transferred to:goweniri tHgepblbeeandaceantr idlugad:410i sepad ahenondirssol ved
polymer. The lia~.:id phase was transferred tc a suitable Cared contai ner

and t L sol ventl e92apbs at 68YDPRECLES| FEE AR hE TR 2 neRd- eBgers @pe
98138242 5 6 Se tenbeg 0Q2mwa§ng§_a%7€%15¥fé rggmnteci_gs erce-:t by
wei ght ~?i CLra %38%%.6 . “REFRRD A VA6 pd1yﬁ%r e:%i?%%téaaiﬁfS‘dinethyi
CarJCiat2 a~ 4yan¥8S megskkzed., Zuk: edBtanhs hd Qéahpies’, ~abke V.
Copol ymers prepared according tc synthetic methods in t%e prior art for
whi ch detai _s asepavaylablecare | aheheds' |de'scr iGogd| ymet sSp=Bpar. edio.
acccrding tc the_nethods described for the present _::.ven~io:= are | abel ed
U - 37 ANPOBr 382; 2265 58pFentHC DG SHEIE RPE FBcE 81 FRD-CHoN. Lent,
MD1c:dar :~uiiVWe. 20d Lobal EQEAT TRk Qe SO S e fPBLadi A LRRULT on o
ao_ynef; ssol = 7Tion‘i’A: 19

Published Unexamined Application (Kokai) JP 580865711.

ey classes o0f compounds wihich serve as chain-

O
I
3

ransfer agents 1n the polymerization cf flucrinated

(t
[T

monomers are halocarbens and hvédrchalocarbons such as
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15 Sanple Lot #HFP (nol e) MWhExtractable (40C)
pvcConposiY P SiR&dH14. 54606001450002. 0aMK28014. 5495000157000 FCSemapben 200227
000. 0' 70003. 11 9%195273. 647300015CCA014. 300N95292. 84170001480009. 290N883. 6375
00013B0004. C409C2. 34830001880000. 230U942. 46760002400000. 41% " 95(JxI ) 2. 44090
00159000G. 28%)982, 435100G1440Q01, 1| %G FxS), 1. 5523G00194000C. 41%J1043. 143
30001570001. 6184F A~ Cursory “examrati-on shows-that all N sanples :.aye
hi gher levels of, pobyses-exthaceled Jug Lo, 26 dinetbyp, cacbgnate, i gure 2
shows a plot o *ha extractables as a function of HFP confent {TOe%. Two
di stinct curvespatefout | snedfer tike Wy d-oaseseofanaterials. The upper
curve (N sanples) shows significantly higher levels of ex~ractables for a
2~ given | evel -bicHFPredaparedsdatfe B U Va8 Masukeddskopls 3f oFathese
carves are 3% extractahl es/no Q@ HFP. ro= the N polyners.and 1.70__
ext =act abl esj ng? =_2% H?P?’?(?: Fﬁg U’gdl r‘s“."o-"38:p' < no- 95535285 gne
Sept enber 200211 g¢. ORSEVe~ -8RQ-GA fay IdAGdiss Gi: 5% Cakayl ¢S uxzder
bcth the si.”~.gie and dual f::nAct~c::al r~cde~ are T s ow.: fcr ti:e N
polyners in Tagkeihxbnag. of. d-zcYeacse dn calmwner:s: ises Tabteuyhclz zhéabl e VI
~C;r,pariso® of w- . %Extractables o.. Nwiy~rer as a L~.:nctio:: oi~FP
content or HFX€®RE Al afd NENTE BaSact &7 & @) 0 Bt raxeabtesesal ¢
nmodel 1)o Extr@@lable‘L%aI§ model | . _.s. oo : . s
2) 12. 09%4.2. 6013: 43408942, 810 Fo& T 579, S84 BFAD. 095 ©-
~10. 599. 29%. 7903 70- (Mbdek 1) W %Brragiatle & 2% (HEP moleN a- Q.4 =~
(Mbdel ~)'vJt % Extractabie =796.4 + 1.7 HFP nol e '0) 0. 000297 Mh). "= 39
WD 9813824 6 Septevnbend20B2 Tabliesd molerpdarsowsicof MaraocExisactab es
of Li pc_ymer as a ..,~::cticr. . c= uFF content of ~: P co.*.te.~.t cf M~
Extractabl e (neae}lsEREPEEEEDI e TEEaPRIOdelC f1)G 30 Teci i 2F (23EE< nodel
2) 5i . 0492. 903. 1%, 23%C-71%0 ~750C. 41%6..88%9. ..28%0..88% . | 9%, =1% 8801. 201
00. 41% G. 650- 0&3%%.‘51&%.%@@:?5 “( Wtq):déegl“ %@%%%ﬁc %b’ﬁg“ :““Llfgt HFP nol e%) -
3.2 (Model 2; fpkxheachabber=ustd? anb YR 18081 B XFdOn6f M) co—n tre
specificaticn and the attached clainms, IS ~he expression. "having wei ght
percent extraciabbeswaighsi. :. 1~. 5 0 of the percent by weight
extract abi es cal cul ated by an equation selected frgg11he group. consi sting
of : a) >IN % Extract abl® ES2CRCHFRSnBFERHSur2Fes byhp .@J@%)VWYEE%Q? actabl e
=-1.2 + 1.5 (FHR.poLke% .= 9.%-3Q-, - ol oF asured val ue cf
wei ght percenf"g?(f*rééfg%ijgs%r%ﬁ"diﬁn)é{og“\ﬁ)p ar%\étéﬁaﬁé%ecc@nucét be within
1.5 absol ute pgsfeniagerpennt s ffirem et ivieaatzaile valste cedcutpéed for
the particular 25 polyner by e' _ther equation. That is, if the cal cul ated
val ue of ext ra%%é@gégowpépphéﬁnéqeféﬂg@ﬁ Erorc R 48 3D Hmwl ermErgéer ved
value is between 1.5 and 4.5% it falls . . . ., ... - P

we.ght Of tne mcnomers 1iritially charged. The Zirst

22 afis

2ive ratio used will depend cn the relative

0

rzactivizy of tne two mcnomers at the pclymerization

- RN 3 - = ,a T4
cemperaturs chosen. The reactivicty of vonylidens
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Benardelll et al., Polymer, vol.. 27, 905-909 (June
25 1986). Trhe relative reactivity 1s such that to obtain
a parzicular uniform copolymer composition, more

ropylene has to be charged tc the reactor
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copolymer. At the convenient polymerization
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- 40 wo (q8~382a2 6 Septenber 2002 w~t hln v.~. _ ~ A" . A C ... . V2~r' 39~
.L'a~*:. S1.TW-arly the observes va=ue is B ~w'~be w~"" r a,.. I

r. ~h _wOB3843 c~veraga __ the calculated value =rimeither edu&tpdmber 2002
ranges from6.5%to 9. So. ~n the above described proceedure for 5 det-~r;
,ti.™irg ext=actables ir. dine~hyl carbo::ate, t cer.tri ugation fo= hirty
m nutes at ?500 rpm at anbi ent tenperature was enpl oyed to separate the so
ut i or. fromdmpeeatu®esehubke gfutdars andrsttylog, akpbQ-deg.:- G fxa= 70 hours
urde~ nmechar:ical punp vac~.:um 10 was used to determ ne the wei ght of
solids in thewsseahexailsorarropylersl has 6 Selpt ephars2002sThéssubj ect
matter which applicants re-"ard as t@gin invention is particularly pointed
out and di stinctTyPTI AP medtad FEHRdy L3t 138 Vet hi APPEAT AL EoRSRy NEr Of
vinylidene fluyoride. and hexafl uorpropyl ene containin; a ' ~ maxi num of
about 24 wei ght “percent hexafl uoropropyl ene, having sol utions of inproved
clarity and fluiditye feacthencepel weels iramddiand ©91AbQULe8 Wi 2his
percent nominal HFP content, having weight percent extractables within plus
or mrfus 1. ~rafdftide péradlit SBy tAlghti nediraterabteewrafcul abed by an
equation selected fromt heag{#u consisting 10 of: a) W{. % Extractables =

1.7 (HFP nol £9YNeR 22T 4 "o BXAEST AREEN S | 22424188 (HFP mol e 9
- Bx10°6(M) ;. A Lior - the- SopRLKITENS NG Lodl Al s dhanoabayt 8wl ght

percent nom nal ent, having a DSC nmel ting porn east | ower

than 1 ~ copalidrersdwd ihfeagefnesnoandaloreRirglt ferseide&FP coRkenkspr epar ed
by synthetic nethods for which the prior art provides details, HFP content
bei ng det er mafed ¥ictr Hi hgorganiTephy@xAdes laareiTiefamronesnor bbed. 2. A

sol ution of a _.copolyner as defined in claim1 in a solvent having inproved
sol ution cl aAtSFand"Ttar dfngszﬁ‘SPeﬁsé‘gﬁﬁﬁ‘?er gl ehdid®i HSefatm 1

havi ng great gfd;han abowt - 8. pgseent by oweicghle R oMt et A copol ymer
as defined in cllai m}il havi ng from agout 2to aboul:t 8 weig '?é%'ercent HFP

content. A comddoret a@ssdefsnedni npelkaice hthawierg Fowse abonbeBatorabout 6
wei ght 2 ~ percent HFP content. 6. A copolyner of_ vinylidene fluoride and
-42 6 Sept eiere U2 fe xR HBRBpFEPFPLERE NS 16 aritd dimws poligheaszati on
of vinylidenﬁuﬁjuq;Lge and h gaf%ggr ggogﬁLeneJ n %6§§irled agueous
reaction mediumconpriZThg™Ta) ch Pg' g Y ERESASE VT tene fluori de
5 and shexaf | yQroRIdeNe i Nod pekshiebhect ive rldh Mt ers anvnater

sol ubl e surfactant” capable of enulsifying both the initiator and the
reacti on massedtivdary notylresazasi onrand (A1) miatlicat dye irog s4 art

pol ynmeri zation; 10 (b) feeding additional 1vi nyl i dene_fl uoride and
hexaf | uor opr GRAEIR I3 2 XTBRE ePPELPRF WWali TG afhivk R n reacti on

D s s iRl 0ok °8C ! Bhal Ll hsQBANAL AD L), SPLAL N
vi nyl i dene fluoride 1s hexafl uoropropyl ene copo 3%%r. K Hrdees? as
defined in clajdpdbihes€id. ChahBrng the organic peroxides which can
2C pe used for the polymerizaticon are the classes of
dialkyl peroxides, peroxyesters, and
peroxydicarbonates. Exemplary of dialkyl peroxides is
di-t-butyl peroxide, of peroxyesters are z-butyl
peroxypivalate and t-amyl peroxypivalate, and of
25 percxydicarponates are di(n-propy.) peroxydicarbonate,
diisopropyl peroxydicarbonate, di(sec-butyl)
peroxvdicarbonate, and d:(2-ethylhexyl)
peroxydicarbonate. The use of diisopropyl

percxydicarbcnate for vinylidene fluoride
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trar~sfer agent to control nolecular weight is included in the ingredients
in the reaction. 8. A process as~defined in claim®6 wherein itd.an

ini tiatorWP8aBded during step (b) to aid in naintaining thezér)esgggér{i)ﬂr?? g(fJOZA
process as defined in claim®6 wherein hexafl uoropropylene is present at up
to 48% by weight of the first effective ratio. 25 10. A process as defined
in claim6 wheseinebexafluer epropymnkmer prasesh at cip ok®=24% by wei ght of
the second effective ratio and corresponds - 43 ! 4 to the conononer

rati o desirediincrhBafrERalmViaRAIden® F34@Rt derhExaf | @scepiiepyl ene pol yner
product. 11. A yggygiadeneﬂg uori de hexaf | qgrggrgg%/il,gng 6 Septenber 2002 . 5
pol yner produted’ By cPai 6. T2 ‘B %iy THehed ¥ bo¥+d82R&xaf | uor opr opyl ene
copol yner product ,-havi/p 1L 2R3 WM e hexaflyorapt apyleng and having
wei ght per centg'géffgéf g%l}éeég vt1\7|%t hi'n p%}ﬁrsy\%r ?n%uisfq 5% of t{he '\%/e'i‘ght 1 0
percent extraclabkesacalkdculnated byra=dt hes. equatt pasa) ornb) véef igFed in
claiml. _ a4 _ .A A0.A A AAHQAY.A A5 . Ayl 9. Ar. A Ag A ACASRACA

T.A, 5A . A AB ANE-PYARKI3LPEARKYA NI ROyt A, A0 AC YRR AJARE. ANSASEEA Al hF. A3
.A(,.AU.Al?"+1|on"+=R =ytoje Y ., P s L

Ul c”a] ca] ca] cBf ﬁ%ﬁf&ﬁfc&%@a}léa]cc' TG 2T cafRabiiRar 88FE: a] ca] ca] ca] ca] ¢
"a] ca] ca] ca] chalgaheRakcalea caki@n (Kokai) JP 58065711. The

b' 29<@ vpke' ZU cal] caJ cal[ ca] caU] ca] cal] ca] ca] ca cAaTcaTcAafca]ca]cAa]ca]ca
] caV] ca] ca] cagcédat ca}ced] aa) dalicalaca]:c ajwa] woe QD IMEAANCl ymerization
6@xuoj e’ ZUke ZU] ca] c™a] ca] ca] cal] ca] ca] cal] ca

Ul chaU ca] caUjeafeadfed] £8] dAg] @altdatca)and )] v cegrrayaavtealesalic al cal cau
U:ﬂa(?aféiivggd %\%%ng%fwégfégh}eg%;ﬂ %%gqaatﬂ ﬁcecegg'?gfaé@ggn: cf init:iazcr
used is generally between 0.05% to 2.5% by weigh:t cn
the total monomer weight used. Tyvically, sufficien=
irizzator is added at the beginning to start the

r2action and then additional in:tiator may be

[
n

cptionally added to maintain the polymerization at a
convenient rate. The initiator may be added in pure
fcrm, zn soluticn, in suspensicn, or in emulsion,
depending upcn the initiator chosen. As a pér:icular
example, peroxydicarbonates are conveniently added :n
20 ~he form of an agueous emulsicn.
As the reazction progresses, a mixture ol
vinylidene flucride and hexaflucropropylene moncmers
s fed in a definite ratio { second effective ratio)
SO as £o maintain reaction pressure. The second
25 effeczrive ratio used corresponds to the monomer unit

"ratio desired in the final compcsiticn of the

Q

cocpolymer, and it can range up to 24% of the combined
weight of the monomers being fed continuously

throughcut the reaction. The feed of vinylidene
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aU c a] c aUc aJc aUc aJca]ca]ca]calc”alcalca#f | ~ I

LT ey sandsdaXke” ZU) 1] ca] cal] ca] c*a] cal] ca] ca] cal] ca] cal ceg] U]Dca ca

aJcalUc aJc er 2002

a] ca] ca] cay ca] caU] ca] cal] ca] caU] ca] c”a] ca] ca" " <#V#$$%SWba$$, YEWRALRPE &né&p

&&&&&6G' A D b' c' t' "(zuoi d*YT] ca] ca] c™a] calU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca
cMa]jcaU) c a]ca]calca]c™alca]calcalca aj calj c”a] ca cMa]ca] cha

] (Z(]((('{J]((((%)-*—]B*B!d@*l*?#!a: ]u’"]”c o 5vzfelﬁ/”] ﬁ‘sr‘?]h(?’pﬁu‘lza]%*]a]ha] caV] ca] caV] ca

] ca] ca] cal] CaLGal gglealcal C@l&ﬁl cajgalkeal gakeal 6ol cal.calcal ¢al g2l cal chal ¢

ajJ cal ca

——a—

ayl ca] ca] ca] c’\a] ca] ca] ca] ca] c’\a] ca\/] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca

] ca] ca] c*a] ca 7SWUMI7Z‘FAIH’&I@3*-9¢@9@@999@¢ Teachos: {£115 . ;She
mhb[ Urh Na N N
U o] ERpeRe Al e f.i? %r&%%%‘ia%ié] Ry ehfds C ilﬁa”} calcatea

"""" z(=@=>2222 egee Af upkey

a] c"a]ca] ca] cafce%% ca] c~alcal c"a] ca] ca ca}ca] c"[a]‘ca 'ca ca] 'c'a']c 2A] cal] c
al c al] ¢ a] caxAPAAAARBIBREBBG=C> GREXDEEEREFRF@-sEBBEd a- the same

G vgl fa\V] U] ca] ca] ca] c”a] ca] ca] ca] ca] c™a] ca] c™a] ca

Ul c”a] ca] ca] tajreapealcrealrsaiwed T o @2@$ cad8d] eAfcapecdlcralcn] et GGGHHH
HHH! HHHI 11 1 VKWKKKLL

MAVBVEM M MREMERAEZ G5 & SZE 3R V19T € aul RAF BEF B8R al Eafca a3 ta] 2 a] ca] ca

]U(\:/]a]c;]A 25 2]A ;]A ggm%b%; YS'cg ?sssssss%sssg%%p%%://%@&?ﬁw&%MM] W1 cra

] ca] ¢cg] ca] c"akeahertalnalxalraleadcadwa] pealbd abCconsume residual

a] cal] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca

XXX* YCYYYYZZrn2g2REZZG{sk [usgd [41=h [§]=Pj] WQ# wnuf-n}lﬁrcqu*] ]]ca] ca] ca] ca] ca
} ga]a]cgia]cg] 2L0al.g?]ac%l c@_cad] ca]Pcog] a] ca c ]_lcaL C]t(:acljlnca] ca]ca]ca]caV]ca
g ___ s " gabhbhdeffd ffagaghl dihihbihzioi da Yhi L} aald ¢al-callcalcal)] cal ca] c
a) ca] cMaj caj ca] taJ ca] ca] ca] ca]cal ca] cal] ca] ca] ca] ca] ca] ca] cd] ca] ca] ca] ca] ¢
a hiidjejj $kTkURDLI lcm rpomrmimmong siniPoAomobonger pericd can be used

pEpqUgr qq| wr rrhc"Y] 111 @c]ica] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] cMaJca]c
a] c"apca] ca] &3] é’é}i(‘:—‘a-]" 1%¢48] %—a] €2 o CRF NG| CANGTREr &0y hE P

Sssst Zttt u? 2 | gb
T oa] ol ca) calErE T AP A e o ond  phsRl Bl %@C%@céaﬁ?}c;ﬂ;ﬁ
RYTY Y] yVYXYRY WY RV :Zeé DI a@l e phedYd{ yatkabl] eF] cafedpalyraleal cal ca
] ca] c™a] ca] ca] c"a] caU] ca] ca)] cfa U] c”a] ca] c*a] cal] ca] cal] ca] cal] ca] cal] ca] ca
WV] calV] craAkpvgiogbiivigtsd enfyx Healeed captapeapgafFbg] e=gccaly] ca] ca] ca] cha

] ca] ca] ca] ca] caj ca] ca] c"a] ca]

c”a] calchalc
3hi C@ . KMbdhP&>2&%zuoj- 3 ARG} Q’] c%ﬁ‘}: Jclag]'lc af S]jc"a]e%%ecf’aa?]ufaﬁc’aﬁca] ca] c”a]

ggL&%f?gxﬁlﬁa{Wﬁ%léﬁ ]C’ac} ca{ji caf%%ﬂ %‘3 LC%%CQ]S%?wccgbc%g]ﬁaaﬁ ca{J] cal] cau

] ca] cal] ca] calcaleal ca]ja s & adgeddtal c al] ¢ a] ca] ca] c*a] cay7hPq

$/ zunha\ Vj d_ZU gb]]]]c”a]ca U c”a]cra

U] c*a] ca] ca] ca] cajlie eyadier a]%a]%%t@)]’%é?@a?éa?cé]ic-éﬁ] ca[leadigadigal] ca] cal
I\ N 9gZ] DO kd’\YS

(l?J]('i]c’(E Zﬂ gg} g:\g}:cg] (,eaij‘crﬂa\ﬁ C‘a] %’g] g%] ‘53?% f‘E&]ﬂ %’@a]cc?f]gél&]%]’cﬁa] ca]ca] ca

] ca ca] ca] calghalcalad s ERTE SebamEcEaMBELYKINNSHELL be washed

U] c”a] cal] ca] caU ca] caU ca] caU] ca] ca] caU] ca] ca] ca] c*a] ca] ca] c”a] caU ca]calc

a] c*akcal ca]’rc;alli]xcﬁ]:oﬁJ]m]cﬂ:@z] carzé k&MU K| upj erZEldd”YS| g] U] ca] cal] ca] caU

] ca] caV] ca] cal] ca] caV] ca] cal] ca] caV] ca] cal] ca] caU] ¢ca] cal ca] c‘@g] calcaUca]c

aU] ca] cal] ca] caU] &) rivibg gFed PY ELRP g SPYRIANSWG

me-hods can be used including freezing, the addition

of acids cr salts, or mechanical shear with optional

heating. The powder, if desired, can be further
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Ul cfal] ca] ca] cfal] ca] ca] c”a] ca] ca] ca] ca] caV] ca] ca] ca] ca] c”a] ca

.Ul cha] c™a] ca] ca] caV] ca] cal] ca] cal] ca] ca®a_: @A 6 September 2002
#Aknpszuoj e [ U g] WV] ca] ca] ca] ca] ca] c™a] ca] ca] c*a] ca] cal] ca] ca] ca] ca] c™a] ca]
c”a] ca] ca] c™a] ca] ca] cal] ca] ca] ca] c”a] ca] ca] c™a] ca

" +des}./ Ycozuoje [U g] U c”a] ca] ca] ca] ca] cha] ca] c”a] ca] ca] ca]caU] ca]ca]calc
a) ca] ca] ca] ca] c™a] ca] ca] cal] ca] cal] ca] caU] ca] caU] ca] ca

~H8BNPa() vzupj e [V g] U ] ca] ca] ca] ca] c™a] ca] caU] ca] ca] ca] ca] c*a] ca] ca] ca] ca]
cal ca]ca]cal ca U c”a] ca]c”a]ca]c”a]ca]ca]chalcalchalca vg " QA wewyl
zupkfa\Wg] U ]]ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca]ca] ca] caU] ca] cal] ca] ca] cal] ca

] C?J% ? 3?1/} Sg%ﬂ U]; ﬁ%]dﬁjoLgﬁq% @L%tﬁ%f]':@&}E'E}I&td}aﬁlﬁ]@é‘%‘sca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] ca] ca] c"plcadicAling VE al]q@} FahRa] ARlskte” the best mode cogl eméﬁ atejica\i th

, U {vqgl gb] XU ]]]ca] ca] calca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] c cajc
a] ca]]ca]l cajxcea]ma]fmadﬂ]rmx}g:a]mm]:rra]msn]tma]m af&toﬁ\b,dﬁéﬁs&de)iab Sltﬁ)s%iﬁ&': @hd Mot as
F10Z& ()-!>. F1Q% W&? s109%Z& () - M 10%Z&' () - IMBobCH210%Z&' ()-" 109%&Z& () -

109%& ()- 1BvERHES 108§ f)- 1008 ()-+=| 28! +109R22&' ()- G ! +109R2& () - G

;ﬁ{éoo/;{#?f‘_l(% G#i\%g}églé)g@slfi&n@sucé(n;%?;m%% A@?M_P@Wﬁat@ﬂ‘@aé&&égl $S10%% () -!
“A9| Z8! | +F10%G ThHerdalr fropaiiv/atd meme@&x(h) a Voffecusl $t)aﬂ)rﬁ'n:gO@/ﬁ&h(r)e{é1 (DSC)
10%6GE ] 10G 10G510%% () - 310%& () - ! 7

0#10%& ( () @qcﬂﬁﬁﬂégfé‘%é'[sp&l?%qgmotymmv& () 4c()o szgs)PE !

1 %}/gyf‘) f) ;)2('\/ & Q"/a‘s’eé tﬁa}oJo%out flf%lé)eég‘né%x{ Ahd f_é%%ﬁ}&c( %lf?n?@%?}gf% %) o, HFP

-&10% & (c)or]”ta{tﬂ&ﬂfﬁB{)ey& ’(o) arf HEB(nb#%t-ﬁetérmmed by the fol Iowmg Method A:

10 Method A
HFP content was determined by '°F NMR according to the signal assignments and

method described in Pianca et al., Polymer, vol. 28, 224-230 (Feb. 1987). A Unitv 400

spectrometer at 376.3 MHz was used. Spectra were obtained either in deuterated dimethyl

formamide at 50°C with an excitation pulse width of 8.0 microseconds and a recycle delay

15 of 10 seconds, in deuterated dimethyl sulfoxide at 80°C with an excitation pulse width of

6.0 microseconds and recycle delay of 5 seconds, or in deuterated acetone at 50°C with an
excitation pulse width of 8.0 microseconds and a recycle delay of 20 seconds.

Molecular weights were measured by size exclusion chromatography (SEC). A

Waters 150 C chromatographic device with a set of PL gel 2 mixed B columns with bead

20 size of 10 microns was used at an operating temperature of 105°C. HPLC grade dimethyl

sulfoxide (DMSO) was used as the eluant at flow rate of 1.0 mL/min. The samples were

prepared by
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104 _

104] 9" 10%1| & IR LIV ZE (F2B1 200RFE CPAEEFOE &1 )39 2200MPRSE)S810%| & ()
-, ., . OM U/ /<10 £ £ oA "y Hhane

& ()-Yal x* %0% (3 eavm&f%tﬁ%ﬁ@a £2Ga1Con For> g (52 VA £510%8 &7 5‘-‘"10%55&'(
)- 1Q4| ./ 00ZL 2 2vaB, /0. 049 kg of hcxaf¢uuroorocvlene (a rat

| 9A00& ()- YAIh YA00& ()- YAl  YA00& (). VAls YA0U& ()- YA YA0%BbE () Va1 d" 940
08 () - Y4T2|\/B:ﬁ:ﬂ333:31w4:{mene%U&t:(:;dwmw@&sa(f)lwnmrqmlereJ, and

10t F=10% & () -1, YA.00@?&' () ;YALL 9 %&' - Y414n444f 5551 9f\ =! | YZ#10%&! () - 2!
0Yz#10%&' () - A ﬁ@l@%@&?%)aﬁﬂé% %&'% Ygogcetate in

h& ()-5v666" Z?%OIU/%[ 7! ';@S%&lmﬁ/ﬁg & ]l%f) g%rg,) -1 YY ?//i},( & ()-zYz#10%
&& ()-z! q8Yz % #1090~ 6% 7 y‘9z’9? % 1 10 U 10 U 10
stabilized at 80 degrees Celsius and 4480 kPa, and
15 ~hen the polymerization was begun by introducing 0.026
kg cf ar initiator emulsion censisting of 2 wt% di-n-
propyl peroxydicarbonate and C.15 wt% mixed
perflucrdalkanoate salts dispersed in deionized water.
The pressure rose to 4550 kPa with the addition of the
zZC iritiater emulsion. The polymerization was maintained
oy the addition cf the initiater emulsion at the rate
cf 0.112 kg per hour, and by the addition of a mixture
of vinylidene fluoride/hexafluoroprcpylene in the
ratio 95 vinyvlidene fluoride/5 hexafluoropropylene so
25 as to maintain pressure. After 4.2 hours, totals cf
1.890 kg of vinylidene fluoride and 0.140 kg of

hexafluoropropylene had been charged to the reactor.

1

1

th

A eseds were stopped, and the reactor was cocled.

After 5 minutes of cooling, agitaticn speed was
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h& ()-10% & ()-!10% & ()- (10@6h&f() [*\\]'A\AAWKGYNclllv &
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NGy, & 1316%% aog)% 20 6% @%xt@lb%#%@%mf ‘yor%%% %%

15 with nitrogen and agitated for 20 minuces.

+J
("

ol
reaztor was sealed and heated to 80 degrees Celsius.
The reactor was crarged with 0.415 kg of vinyl:dene
Zluoride, 0.215 kg of hexafliuoropropylene (a ratio of

66 venylidene fluoride/34 hexafluorcpropylene), and

8]
(]
(]

}.220 kg of ethyl acetate. The pressure was at 4895
“?a. The reaction conditions were stabilized at 80
degrees Celsius, and then the polymerization was begun
by introducing 0.040 kg of an initiatcr emulsion
consisting of 2 wt% di-n-propyl peroxydicarbonate and

25 0.15 wt% mixed perfluorocalkanocate salts dispersed in
deionized water. The pressure dropped upon initiation
and it was then maintained at 4825 kPa. The
polymerization was maintained by the addition cf che

initiator emulsion at the rate of 0.176 kg per hour,
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. Monomer Leels were SCOppEd, ana reslidiual monomer was

censumad by maintaining the irnitiator emulsion feesd
and 8C degrees Celsius for 20 minutes. The initiater
feed and agitaticn were stopped and the reactor was

10 llowed to settle 10 minutes. The resactor was cooled
to 45 degrees Celsius, vented, and then it was emptisd
of latex. Pclymer resin was isolated by coagulating
the latex, washing the resulting sclids with boiling
wazer, and drying the solids at 80 degrees Celsius to

i35 vield Zine powder. The resin so made had a mel:
viscosity of 1220 Pa.s, had a DSC melting point of 114
degrees Celsius, and had a hexaflucropropylene content
as measured by NMR of 17.2 wt.%.

EXAMPLE 3 (Comparative Example to Example 1)

[\
«

Into a 7.5 liter, stainless steel reactor were
charged 4.799 kg of deionized water, 0.230 kg of a 1
wt% soluticn of a mixture of perfluorcalkancate salts,
and 0.004 kg of paraffin wax. The mixture was purgad
with nitrogen and agitated for 30 minutes. The

reactor was sealed and heated to 80 degrees Celsius.

[\S)
ul

The reactor was charged with 0.400 kg of vinylidene
fluoride, 0.030 kg of hexafluorcpropvlene (a ratio of
93 vainylidene fluoride/7 hexafluoropropylene), and

0.120 kg of a 5 wt.% solution of ethyl acetate in
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$10%P7& () - 10%&i&'() &10%4& () -)*+I IJRTVXr S41043 310%&'() 3 3109 ()-3
310%' ()-3 flucride/hexaiZlucropropylene in the ratio 93
e vinylidene flucride/7 hexafluoropropylene so as to
ma.ntain pressure. After 3.1 hours, totals of 1.850
kg of virnylidene Iluor:de and 0.140 kg of

hexafluoropropylene had been charged to the reactor.

Monomer feeds wers stopped, and residual monomer was

o
(8]

ceonsumed by maintaining the initiator emulsion feed
and 80 degrees Celsius for 20 minutes. The initiator
feed and agitat:ion were steopped, and the rsactor was
allowed to settle for 10 minutes. The reactor was

cooled to 45 degrees Celsius, verted, and then .t was

(9]
(@]

emptied of latex. Polymer resin was isolated by
coagulating the latex, washing the resulting solids

with boiling water, and drying the solids =
b

(r

110
degrees Celsius to yield fine powder. The resin so
made had a melt viscosity of 2550 Pa.s, had a DSC

25 melting point of 154 degrees Celsius, and had a

hexafluoropropylene content as measured by NMR of 6.0

o\?

wWC.

EXAMPLE 4

Into a 293 liter stainless steel reactor were
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ang C.0 kg of paraffin oil. The reacctcr was

"'I

IS
w

evacuazed and heated to a temperature oI 81 degrzes
Celsius during the charging, and agitation was used.
To zhe reactcor were added 12.6 kg oI vinyl:dene

fluoride, .8 kg of hexafluoropropylene (a ratio cf 94

viny~.idene flucride/6 hexafluoropropylene!, and C.5 kg

th

of ethyl acetate, which brought the rsactor pressure

tc 4480 kPa. During the pressurization, when the

0

pressure reached 3445 kPa, a feed of initiator
emulsion consisting of 2 wt% d:i-n-propyl
peroxydicarbonate and 0.15 wt% mixed
perflucroa’kanoate salts dispersed in deionized water
was begun and was maintained at 9.0 kg/h'until 4.6 kg

cf 2nitiazor emulsion had been added. The rate of

u

furcher initiator emulsion addition was adjusted so as
to maintain a tcotal monomer feed rate of 27.0 kg/h. A
moromer mixture in the ratio 94 vinylidene flucoride/é

hexafluoropropylene was fed to the reactor so as to

£
h

8] maintain pressure at 4480 kPa until the totals of 85.3
kg of vinylidene fluoride and 5.4 kg of
hexafluorcpropylene had been cnarged to the reactor.
All feeds were stopped, and residual monomer was
consumed by maintaining 91° Celsius and agitation for

25 20 minutes and then by maintaining 91° Celsius for 35

minutes. The reactor was cocled, vented, and emptied

of latex. FPolymer resin was 1solated by coagulating
rne latex, washing the resulting solids with water,
and drying the solids to yield fine powder. The resin

B G csc made had a mel: viscosity of 1740 Pa.s, had a DSC
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AMPLES to 12
Copoclymers cf examples 5 to 8 are made similaxrlv tC
5 ccpolymers of Examples 1 or C, and copo
examples 9 o 12 are made similarly to ccpolymars ©

txamples 3 or 4 and are shown 1n
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clazims ¢I this agplicaticn means that ths
sciuticnis) cf any particular copolymer cZ this
invention having a particular nominal HEFP? conten:
will provide solution(s) having descriptive
croperties analogous to those shown by Example 2 o
Takble II when dissolved in any cf the so.ven:s
iisted a: the same concentration levels at whizh a
cocpelymer having about the same particular nominal
HFP content made by a typical process described :in
detail 1n the prior art provides solution
descriptive properties analogous to those shown in
Table II for Example 12.
EVAL TH o)

-5 EXAMPLES

Ths solution proverties of examples 2 and 12

ars shown in Takle II. Mixtures of the indicated
weight pércent were prepared, using heat when
nacessary to dissolve the polymer completely and

solution. Soluticns were then allowed

t)
(]
th
)
A
3
Al
0
'__J
(14
m
L

to cool and observed daily over a period of two
weeks. The copolymer 2 showed a reduced tendency to
gel and to be clearer than the copolymer 12. The
ratention of fluidity and clarity by the copolymer 2

is advantageous in applicaticns which rely on

to
wun

rolymer sclutions, such as in the production of cast
films and membranes.
The reduction iIn tendency toward gelation by

—he coprolymers cf the present invention 1s Zurcher
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(L3
examples are shown in the table. A Rhecmetr:ics

cdvnamic gtress rheometer DSR-200 was used

the gelation times of 20 wt% solutions of -he

wn

carbonate was of nominal %9.7% purity).

polymers in propy-ene carbocnate (the propylene

The

"/fépéémbger 2002

TO mEgasurs

rhneometer was fitted with a Peltier fixture and

solvent trap. A 40 mm parallel plate gecmetry was

used with a gap of 1 mm. Solid copolymer was mixad

10 with propylesne carbonate at room temperature on the

day of measuxement, the ccntainer was sealed,

and

the solution was formed by heating and stirring the

mixcure in the sealed container for 1.0 hour in a

® . X . .
Pierce Reacti-Therm Heating/Stirring Module set at

15 220°C. The solutions were quickly loaded at the end

of the dissclution period into the test

fixture,

which was preset at 100°C. A temperature cocling

ramp in dynamic oscillatory mode at X Hz was begun

as soon as the fixture temperature re-equil

26 az 100°C; re-equilibration typically required a

ibrated

minute or less. The cooling ramp was from 100°C to

15°C at a rate of 30°C/m. When 15°C was reached, a 1

minute equilibration time was used, and then a time

sweep measurement was begun. The sample was held at

25 15°C during the time sweep measurement performed at

1 radian/s. The time sweep was continued until the

gel point was reached. The gel point was taken as

the point at which the solution storage modulus, G’,

and the loss modulus, G”, became eqgqual.

30 cime was taken as the time duration in the time

- 28 -

The gel
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logavitnm cf the gelation time oI ths 20 wry
propy.ene- carborate solutions is shown in Figurs
iz can be seen that the copolymers of the presentc
5 inventicn have longer gelation txmes than the
copolymers prepared according to the prior art over
tne whole range of HFP content. The reduced
cendency toward gelation by the copolymers cf the
presant invention is advantageous in processing such
he) solutions for f£ilm casting and other solution

appliications.

- 29 -
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3109& ()-&3 3109& ()-eAj +"s% | +. 0033 310%&' ()-3 310% ()-eF3 310%& () - &3
3109%& ()-3 310%& ()-3 310%& ()-3 310%& ()-3 310%& ()-3 310%& ()- eF3
3109%&' ()-&3 310%& ()-3 310%& ()-3 310%& % 3 310%& ()-3 310%& ()-3

3109%& () -, 2{ aB#F3 310%& ()- &3 310%& 13% & ()-eA +"s%| +. 0033

310% () - 28>DIPVeF3 SOLUTTON PROPER
pPciymer Appearance
congentration and
o) ssivernt
Example 2 Example 1I
10% in MEX flurd, clear fluicd clear
-0 2C% 1n MEXK flurd, clear by cay 2, loose ge.l,
lear
10% 1n MEK by day 14,some gel,clear bty day 1, loose gel,
cloudy, by day 4, gel
cloudy
1z 10% in MPK fluzd, clear £luid, clear
20% 1n MPK fluid, clear by hour 2, scme gel,

clear, by day ., gel,
slightly cloudy

19% 1in MaBK £luid, clear by day 4, gel. clear
20 10% in CPO flurd, clear f£luid, clear
19% 1n CHO fluid, clear fluid, clear
20% 1n CHO by day 2,some gel, clear by day 1, some gel,
zleaxr
by day 2, some gel,
23 zioudy
10% 1n EZoAC fluid, clear by day 7, scme gel,
clear
20% in EtoAC fluid, clear by day 1, £luid,
zloudy, by day 3, some
30 gel, cloudy
10% xn n-PrOAc fluxd, clear fluid, clear
10% in :1-PrOAc fluzd, clear by day &, some gel,
clear
10% in EGMEA fluad, clear by day €6, gel, clear
35 10% 1in DMC fluid, clear by day 7, some gel,
lear
20% 1n DMC €lurd, clear by day 1, some gel,
cloudy; by day :Z,
mestly
40 gel, cloudy
20% 1n Blend 2 fluzd, clear by day 14, £luad,
cloudy
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31098 () - WO PHISBEF3” 31098 () - &3 310%& ()-3 310%& ()- 3 310%85 (JepBekdVBOd2 - 3
3109%& ()-3 310%& () - pqr aB#F3 310%& ()-&3 310%&' ()-3 310%& ()- 3

310% () - eAj +"s% | +. 003eF3 310%&' ()-&3 310%&' ()-3 3109%& () 3 310%& ()-3
3109 () -3 310%&: ()-3 310%: ()-j F3 310% ()-&3 310%& ()-3 310% ()-3

3109&' ()-3 310%& ()-3 310%& ()- 3 XHL0K f)r aps 0%&' ()-&3 310%&' ()-3
3109%& ()-3 310%& ()-eAj +"s%| +. 003eF3 3100& () &3 310%& ()-3 310%& ()-3
310%& ()-3 310%&)()B®.ymer concentrations are Wk un_.ess’ stazed

czherwise. MEX :s methyl eznyl xetzons, MPK :s

meczhvl propyl ketone, MiBX is methyl =sokutyl

[#]

kx2tone, CPO is cyclopentanone, CHO 1s cyclchexancne,

5 Z-OAc 15 ethyl acetate, N-PrOAc 1s n-propy. acetate,
1-PrOAC 1s .sOpropyl acetate, EGMEA s ethylene
glycol monomethyl ether acetate, DMC is dimetny.l
carbonate, Blend 2 is composed of 35.4 parts MiBK,

29.8 parts CHC, and 30 parts DMC o2y weight.
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TABLE II A
SOLUTION GELATION TIME [a]

Examplis Number Ge.ation Tims
1 425
z 512
5 3 342
3 354
5 4,913
5 8,322
6 12,824
*C pyo) 834
i90 1,553
19 3,191
2 77,000
2, 62,400
= 12 . 14,100
12 47,500

fa] 22 wt% solutions at 15°C in propylene

carbonate. Gelazion Time 1s in seconds.

20 EV N OF F Q LA

Some of the non-gelled solutions from the

soluticn property =ests were used to make films
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3109 ()-3 310%& ()-3 310%& ()-3 310% ()-3 310%& ()-3 310%& () 3

310%' ()-3 310%& ()-7vk ?cl/+3 310% *10%6& ()-) 10 10 103

3109& () - eAj +"s% | +. 0037hPq| [: cl/+3 310 GM#A0% >6 & ()-( | &$109%R& ()-

48$10% >6 & () Wh3 CTO%SEE (J=5BA 058683 {PSS320%-682¢ 1Y\ | [Tha /281810

Fl 10% >6' & () 3F! 109 () - 3Y10(V<>6f_& )n $810%>6&' (),,3810%6& ()-Z
AFEE 7

31 10%6& () -\ clFREs 310 A B&!

F) S#1096>6S&’ ( ).- - 38" 11%%@6_4&4») “dowd 4934 §£&t&> ha
4 & ()-44 V, z&10% 5

micrometer gap. The cast Zilms wers dried fo

days at room temperature. Film gloss
s using a Hunterlab Progloss PG-2 gloss
results are shown in Table III. Film

measured by determining the whiteness

Ff@ﬁlé%f>§a&‘ () =sing

L nl0%6& () - vUA+ Q 2810%

”

-, ea

(b

was determonsaa
metey, and the
haze was

index (CIELAB

_* value) cf tne film on the black port:on of the

-

opacity chart using a Hunterlab Labscan 2
ic cclorimeter, and the results are shown in Table IV.

.11

(B

lms from copolymer 2 showed higher gloss from a

wider range cf solvents than films from copolymer

12. The haze in films from 2 and 12 was generally

similar, but noticeably less haze was observed in

5 films Zrom 2 in several instances. The results,

zaken together, show that VDF/HFP copolymer of the

present inventicn demonstrates an :increased utility

for high-gloss, high-transparency film applications.
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& ()-44 [Q z&10%5 & ()-44 Q,z&10%5 & ()-44 L[, z&10% 5

& () - 44BCDO bA410g59Q 3 ,-&10% 1 & ()- d,-&10%8 ,8 & ()- ,-&L0%J >(U & ()-
38 10%& ()- Sl 10%& ()-10g5g10g5gj | obU910g5g’ 10%6& () - 6105105105 3;
'1096& ()- _,-&109%8 53 & ()- *, - &10%R1PHAKLE - I1I- &10%K 4K & ()-k; bU910g5g/ Kk
G '' 10%& ()-6' 10%& ()-6' 109%68& (ArdidWpSA3Torioua& () - 6pThUI10g5g/ Kk

G ''1096& ()-6' 1096& ()-6' 1096& ()-6 1006& ()-6 1096& ()-6' 109B& ()- 6|\ <bU9
10g5g/ ' 1096& ()-6' 1096& ()-6' 1096& ()-6' 1096& ()-6' 109B& () - 6/ KK

G 'w ?bU910g5¢g/ ' 1096& ()-6' 109B& ()-6' 109B& ()-6(' 109B& () - 6(/ Kk

G''10%& ()-6 |\ @U910g5g/ ' 1096& ()-6' 1096& ()-6' 1096& () - 6/ Kk

G ''10%& ()-6' 2096&r()-6 !"./0Cx\ <HUSESgSP 80988/ ( 0 61eb0eB& () - 6/ Kk

G ''109%6& ()-6' ¢0%B&=£3=6n10%& () - GCHLIKLM Dhl910g5g/ ' 109%& () - 6/ Kk

G ''1096& ()-6' 109B&LYIn%' (20068 () - FXPO9ER % ) - 6MAKYRFRT5UD1 0959/ / Kk

G ''10%& ()-6' 10%& () -6 1096& ()-6{-109B& ()-6(' 10968 ()-6\]" " abt XbU910
059/ / Kk ,

G ' 109%& ()-6' 109B& (5L 6' 109%6& () - 6°316%&(F- 6' 1098& {)- 6810%& () - 6bcdefn
q \ <bU910g5¢g/ ' 1096& () - 6' 109%B& () - 6' 109%6& ()-6' 109%B& () - 6' 1096& () - 6/ Kk

G ' q} ~sS3bU910' 1D96E {”B 6' 1096& () - 6°11696&5( - 6' 10%&‘%)"- 68/ Kk

G '' 109%¢& ()-6sS3bU910' 1096& ()-6' 109B& (g -6' 10968& ()-6/Kk_ _

G ' 109%¢& ()-6' 10968 F52 60S3bU910" 10988’ (3% 6 1096& (F-B/'Kk” "’

G ' 109%& ()-6' 1096& ()-6' 10%& ()-6 10' 10% 109%%& () - 6/ Kk

G '' 1096& ()-6' 10v&E& %‘%O"é 10968& () - 6“%(%&5('%- 6 _/beRrkK °8-°

G ' 6 1096& ()- 6’ 1096& (-6 109%6& ()-§ L0YE& ()-6 109B& ()6 | " #$% ThUI/ Kk
G ' 109%6& (;26' 1DveE: r(%‘%r &CIO%&' 8%%0@8 _6' 10%529 8 56'%095& () - 6CDEFG
HI | DbU9/ KK G ' 109B& (3-6.10%& ()-§ J096& ()-6' 109BE; () <6 109%& ()- 6/ Kk
G_'I | PQRY~f 5S3b ik fg%fef) (CSQ‘- 6 10%5&')( & 31/%3?55%:)()-6' {%08/&55{')? 2B/ Kk 0

G ' 109%¢& ()-6f | yz{,§S3RV9/ " 109%& () -& 10984 ) - 6' 10B& () &6/ Kk

20% in Blend 2 34.6 / 71.2 0.1/ 2.4

{a! Polymer concentration and solvent i1ndicates tne wt% and
solvent tne f:lms were cast from. MEX 1s methyl ethyl ketone,
MPK 15 methyl propyl ketone, CPO is cyclopentanone, EtOAC 1S
ethyl acetate, n-PrOAc 1s n-prcpyl acetate, 1-PrOAc is

20 1sopropyl '‘acetate, DMC is dimethyl carbonate, Blend 2 1is
composed of 35.4 parts methyl isobutyl ketone, 29.8 parts
cvclohexanone, and 30 parts DMC by weight.
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Z> 7 <« L*¥ < 9 very sx*gh— haze
9 <« L* < 11 slight naze
21 <« L+ < 15 moderate haze
15 < L severe haze
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3109%8& ()-Y 3109&& ()-x3Y 310%&& ()-Y 310%R& () - X3pX<4Y 310Y 3109R& ()-x3Y
3109&& ()-Y 310%&' ()-x3Y 310%&& ()-Y 310%&& ()-SW4Y 310Y 310%&& () -
310988’ ()-x3Y 3L00RE L)Y 3L0%RE Chr3N 3TOYEL ()- xXAY 310X 1%&&() Y
31008& ()-x3y HPMEATION. SFoSpr THERMAL PRUCIRIIEG SRS N O-Y

3109%8& ()-x3Y 310%&& () Y 310%& ()- "a|[: -410& &, ; &10%&& ()
ne firnal melting point s an impcrtanc

carameter in the use and procsessing of

semicr Vscall ne polymer It 1s Known that the
final melzing point of VDF/HFP copolymers s rslated
to tha HFP content in the copolymers. The relaricn
petween HFP content and final melting point cf the

VDF/HFP copolymer examples 1s shown in Figure

[

sen

cr

The copclymers of the pr inventicn and che

corolymers prepared accerdin

1

tc the prior art
synthesis which details are available can be seen to
fall con different melting point curves, indicating
chat they are different materials, with the prior

art copolymers having a higher melting point at a

18]
’J

iven HFP ccntent. The lower melting point property

the copolymers of the present invention can allow

}
U
Q
th

_ower processing temperatures than for the prior art

synthesis copoiymers.

A% N T CARB
Ge B

2C 1lg of polymer and 9g of dimethyl carbonate were
placed in a closed 25 ml container. The contents of

the container were continually agitated by
appropriate means while ma:ntaining the desired
temperature by appropriate meané for 24 hours. The
25 entire cecntents of the container were then
cransferred to a centrifuge tube and centrifuged to
separate undissolved polymer. The liguid phase was
rransferred tc a suitable tared container and the

solvent evaporated. The residue in the container
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mounc O e* eXTracted Into alggihyl
carbcnate at 4C°C was measured. The data 1s shown
-n Table V. Copolymers preparsd according to
synthecic methods in the prior art for which details
are available are labeled "N". Ccpolymers prepared
accerding tc the methods described for the present

invention are labeled "U".
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2ffecz of EF? Content, Moliecular Numpber and
Uriformizy of Compositional Distribution on Polymer
Digssolution in DMC
Sample HFP Mw Mn Extractable | Composition
5 Lot # (mole%) (40°C) DMC
K2801 4.5 460000 | 145000 22.0% N
K2801 4.5 495000 | 157000 1C.5% N
9521 2.1 427000 | 167000 3.11% N
9527 3.6 473000 | 2130600 14.30% N
10 89528 2.8 417000 | 148000 9.29% N
88 3.6 375000 | 138000 4.04% 1)
9¢ 2.3 483000 | 188000 0.23% 9]
94 2.4 676000 | 240000 0.41% J
95 {Ex1) 2.4 409000 | 1358000 0.28% u
5 98 2.4 351000 | 144000 1.11% 9]
100 (ExS) 1.5 523000 | 194000 C.41% C
104 3.1 433000 | 157000 1.61% U
A cursory examination shows that all N samples
nave higher levels of polymer extracted intc
pAY dimethyl carbonate. Figure 2 shows a plot oI the
extractables as a function of EFP content (mole%).
Two distinct curves are outlined for the two classes
of materials. The upper curve (N samples) shows
significantly higher levels of extractables for a
23 given level of HFP compared to the U curve.

Measured slopes fcr

extrac

axtractables/mole %

cables/mole % HFP for

HFP

F o~
IorX
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the U polymers.

the N polymers and 1.7%
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10% & () 1094 & ()- 8. 30%00/()&( - z- #1@%&'&() 10°ol-)+& ()z azb%m)

SI10% & ()- &l g RS 1004 110)
#10% & ()-F #10% & () - F 220% & ()

#10% & () - FOS3A 091 : 7 —F#t09 &=+
#10% & () - FOBA410 #T’LO% ()s F/ 100/ 0% & ()-F #10% & () - F
#10%.& () - F$+13(L 21/ ”& anf‘qf 1; %{ fﬂ%i#;\g g, J()-F #10% & ()-F
#10%'&' () - F49= Ei #1% 410068 (T E 1006 & ()-F #10% & ()-F
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#10% & ()-F #10% & ()-F/ K Ht #10% & ()-F #10% & ()- FsS3A4/ #10% & ()-F
#10% & ()-F/ K Hit #10% & ()-F #10% & ()-F #10% & ()- FOBA4/ #10% & ()-F/ K H#
#10% & ()-F #10% & ()-F #10% & ()-F #10% & ()-F_/ A4/ K Hi #10% & ()-F

#10% & ()-F #10% & ()-F #10% & () -F #1Q% & (},4E dDA4/K H# #10% & ()-F
#10% & ()-F #10% & ()-F

Comparison of Wt.% Extractables of U colymer as a
Iunction.cI HFP content of HFP content of Mn
% Extractable % Extractable % Extractable
(meas) (calc model 1) (calc model 2)
5 4£.04% 2.9% 3.1%
C.23% C.71% 0.75%
C.41% 0.88% 0.48%
C.28% 0.88% 1.1%
2.11% 0.88% 1.2%
10 0.41% -0.€5% -0.50%
1.61% 2.1% 2.2%
(Model 1) % Extractable = 1.7 (HFP mole%) - 3.2
(Model 2, % Extractable = -1.2 -~ 1,5(HFP mole%) - 8 x 10 8(Mn).

In the specificaticn and the attached cliaims,

15 +he expression “having weight percent extractables

within 1.5% of the percent by weight extractables

calculated by an equation selected from the group
consisting of:

a) Wt% Extractable 1.7 {HFP mole%) - 3.2, and

b) Wt% Extractable = -1.2 + 1.5(HFP mole%) - 8 x 10-6 (Mn)

tv
(@]

means that the measured value of weight percent
extractables in dimethylcarbonate at 4C0°C must be
within 1.5 absolute percentage points from the
excractable value calculated for the particular
25 polymer by either equation.
That is, if the calculated value of %

exrtractables by either egquation 1 or 2 is 3.0 and

th=a observed value is between 1.5 and 4.5% it falls

- 4Q -



#10% & () -WOHBA8ME ()-F #10% & ()-F! (.t T4AA4 #10% & () -F #10% % fvﬁe'ﬁ
#10% & ()-F #10% & ()-F #10% & ()-F /K H#. 01: 2FMsS3A4/ #10% @ fFhgember 2002
#10% & ()-F #10% & ()-F #10% & ()-F/ K H# #10% & () - FMBUVZ"esS3A4/

#10% & ()-F #10% & ()-F #10% & ()-F/ K Ht #10% & ()-F
#10% & ()-Fel rtuyQI3AdL .5/ #10% && ()= #10% & ()-F/ K HF.#10% & ()-F

#10% & () -F #109%'& ()-"FqoboAr - -7‘8(%5%* (‘%“i‘&l 10&10%&6‘&%5;*&107&&' ()-
H30#109R& () - - Fe3BKLQUH&E( ha: uG S FHXOWE {3 -wi W [pBULA -1 10%g) & ()-C

% $10% S) & ()-H 10%S)y& ()- |-)10% & ()- F -)10% h% & () -)10% % & () -
(78_AbU4/ r':intended coverage if the calculated valus Zrom

gither eagquaticn ranges Irxom 6.3% to 9.5%.

In the above described proceedure for

()]
(L

etermining extractables in dimethyl carbonate,

cenctrifugatlion for thirty minutes at 1500 rpm at
ambient temperature was employed to separate the
solution from the insoluble matter and drying at

50 deg. C for 70 hours under mechanical pump vacuum
10 was used to determine the weight of solids in the

separated solution.
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+& ()~ C8>DIKQXAj J*10% S) & ()-Cl0% S) & ()-Cl0% S) & ()-C 106 Sptenier 1026
S) & ()-Cl0% S) & ()-C*_ejopwhl, 10% S) & ()-Cl0% S) & ()-C 10% S)

& ()-Clo% S) & ()-Clo%S) & ()-C eG 10%S) & ()-C 10%S) & ()-Cl0%

The subject matter which applicants regard as their invention is particularly pointed
out and distinctly claimed as follows:

We claim:
1. A copolymer of vinylidene fluoride and hexafluorpropylene containing a

maximum of about 24 weight percent hexafluoropropvlene, having

W

solutions of improved clarity and fluidity; for the copolymers having up to
about 8 weight percent nominal HFP content, having weight percent
extractables within plus or minus 1.5% of the percent by weight
extractables calculated by an equation selected from the group consisting
10 of:
a) Wt. % Extractables = 1.7 (HFP mole %) — 3.2, and
b)  Wt% Extractables =-1.2 + 1.5 (HFP mole %) ~ 8x10"(Mn);
and for the copolymers having greater than about 8 weight percent nominal
HFP content, having a DSC melting point at least 2.5°C lower than
5 copolymers of the same nominal weight percent HFP content prepared by
synthetic methods for which the prior art provides details, HFP content
being détermined according to Method A as hereinbefore described.

A solution of a copolymer as defined in claim 1 in a solvent having

o

improved solution clarity and fluidity.

20 3. A copolymer as defined in claim 1 having greater than about 8 percent by

weight HFP content.
4, A copolymer as defined in claim 1 having from about 2 to about 8 weight

percent HFP content.
5 A copolymer as defined in claim 1 having from about 3 to about 6 weight

19
h

percent HEP content.

6. A copolymer of vinylidene fluoride and
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transfer agent to control molecular weight is
included in the ingredients in the reaction.
8. A process as defined in claim 6 wherein

20 additional initiator is added during step (b) to aid
in maintaining the reaction.
9. A process as defined in claim 6 wherein
hexafluoropropylene is present at up to 48% by
weight of the first effective ratio.

25 10. A process as defined in claim 6 wherein
hexafluoropropylene is present at up to 24% by

weight of the second effective ratio and corresponds
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vinylidene fluoride-hexafluoropropylene polymer
product.
11. A vinylidene fluoride hexafluoropropylene
< 5 polymer produced by claim 6.
12. A vinylidene fluoride-hexafluoropropylene
copolymer product having up to about 8 wt%
hexafluoropropylene and having weight percent
extractables within plus or minus 1.5% of the weight

10 percent extractables calculated by either equation

a) or b) defined in claim 1.



