
;e3e8\ 6T8 ,, ~ WO 98138242 6 September 2002 ~~n~a~~~ OO?O~:rYMEF:S O=
VINYLi.:EDlE FLUGRiD, ti."~:' .:~iEXi~F_:UOROPr20PuLE~V'E HAV ING RE.OL"`ED
EXTRAOTABLE CONTyNT AN.^~ IM?ROVE> S^vLL'='IOr~ OLAVIT~' T~is application
claims the be:~e`it cy provisional apps=caticr. se=ial number 60/03B, 346
r_~.e3 Feb. 28, 997. BACKGROUND OF THE INVENTION '='his invention relates
to compositions of matter c'~assified in the art of chemistry as
fluoropolymers, more specifically as copolymers of vinylidene fluoride
(VDF?, more speci~ical'y as copolymers eT vinylidene f- ~ ^a A ' Y r ~ p'
soil more _v:,ii~_ anc h_xayiuo_op_opy_ene (~iF_ ; , , spec~ficall=; as
copolymers ef VDF and HFP having re.'~.uced extractable content, longer gel
M mes and imp=owed solution clarity, to novel composi~ions of matte. and
articles o= manufacture cor_t.ain_ng such copolymers, as wel'. as to
processes fox the preparat~or~ ar.d use of the copolymers) cr compositions
of matter containing such copolymers and of the articles of manufacture
containing suc'.: copolymers. N~~YIBAQIE - 1    WO 98I38242 ' 6 September
2002 Ji.-F~~:r='= C^pG-VTIe=$ a. Wc~~ r::':GWI'~ 3.^-.^., ar= ',=5a.a :.Y
=he=~- ~^er'ncp'_astic eng_neer~na p,roperti es, CI:eCni ~C3_ r
_Sj.S,'.a-^.Ca and finer t ::eSS toward da~r,d d= t=G:1 . T:::' .T,ay
_=OUnC ~:': appllCat~GnS SI:Ch aS Chetf;=Ca_~ y =es~.star.t ^ir~:~g,
gasketing, pl e=.um cabl a -acketzrc, - 5 =_~.tratior. a:~d extract i or.
membranes and =:: the ccnstruction of l~t:.ium bat~er~es. The present
~rwer.tion provides VDF/:i=F copclyrners conta~:~=ng up to about 24 weight
o i12 me'ao> HFP havir:g amcng ether improved properties, substantially 10
i",proved soluticn clarity, lo::ger gel times and reduced extractables as
these terms are defi.^.ed hereinafter. The process used to make t;ze
instant copolymers recu'_res cne ratio of.VDF and HFP for the initial rill
;5 cf the reactor, arid a dirferent ratio of VDF and HFP duri^g a
subsequent continuous feed of tha monomers. Ar.~,' gar=icuiar desired
average HFP content in the ccpolymer product has corresponding particular
initial f_'~1 and subsequent feed ratios. The uniformity of 20 =cmpositions
prepared this way provide unique and useful properties in compariso:~ to
VDF/HFP copolymers described in tha prior art. DISCLOSURE OF PRIOR ART
Rex=ord i:: U.S. Pat. No. 3,051,677 described 25 VDF/:~iFP copolymers of
HFP content 30 to 70 wt% ;15 to 50 mol%) which s:~owed utility as
elastomers. To make the copolymers, a batch process with certain initial
ratios of VDF and HFP, and a ccrtinuOUS process with f~.xed ratios of Vi,~F
ar_d HFP throughout the process   wo 9si3s~a: 6 September 2002 w_r.
C.,''eSC=lDe~. i.^.e L'`rOCecces ~,ag.^_.~.~''Je.^. wer_ sLl.^_'? 



ti 3= ~.^.O' ym~'_".S 1a: K=:"_) t."?e 1.'.';~=OV?C v;i:i~l,C~: ~.la=:` .')
lc::aeY ael times a..^.d low e::trac:.ables cf _he ^reser.t -:..er. t ~ c::
~.tere made . Lo ~^ TJ.S. Pat. No. 3,=78,399 cescr~bed v:~F%F:FF copolymers
of ..F P co.^.tent of c to 25 wt o , _ to mcl~; which showed a numerical
value Ior the croduct of the tensile strength (psig) and percent revers~bie
eiongatio^ ef at least 1, 000, 000 . h bate'.^. process with certain
i.^.it=al ratios of VL~= and HFP, or, alternately) a semicor.t'_nuous
process with fixed ratvos cf VHF and i~F? trroughout the process were used
to make t:~e copolymers. The processes discussed were sue'.^. that
copolymers lacking the improved solution ciarl=y, longer gel times and low
extractables of the .5 p=esent infention copolymers were made. Moggi, et
al. ~n Pclymer Bulletin 7, 115-122 (1982) analyzed t:ne micros~ructure and
crystal structure o. V~F/P:rP copolymers by nuclear magnetic resonance and
x-ray diffractic~: experiments. The 20 copolymers of up to 3. wea (up to
:.5 mol%; :~FP were made .n a batch emulsion process which was carried cnlv
to lcw conversion. While the low conversion batch process is capable of
producing copolymers having so'_::=ion clarity and low extractables, no
such 25 properties a=a described. It is not a practical process for
industrial use because of the low cc::versions required to make the
materials. In addit~o~, no data=led polymerizatlcn examples were of~ered.
WO 98/382.i2 6 September 2002 ~o::arde_=i =t al . .__ Pc:.yme-, vo_. 2~,
y~5-y0~a .~L::': ~~ a= ) 5~~,:dl=d ~~'1? gl as s tran5=t1J_': ~empe=a~ur~s
.i TJi'_" ~I-iF~ COpci,imers i'la~Tlng ='~~.`~F c'J.lte:l~ L.i.;~ tJ Ec: W.
. 'o ,wp tc -_ "olo;~ . T'_:e glass ,.ransi t~cr. temparatures were
corr_latec to the overa' 1 HF? ccnte.^.t ~r. (. a copolymers. Ir. r"along
the ccpo_yTners for anaiys~s, a semiconti::uous emulsior. process was used
wh=ch T emrJ' lOye.^. diF~erent VD. /HFP ratios for the _nit=al f=11 o. the
=eacter arid fc= the subseque::t continuous feer^, c~ morcmers. A1=houah
reference was made tc the use .~ 10 cf reactivity ratios to set the VDr/HFP
ratio for the ;r:it~a1 =ill, no detailed polymerizat=on eXQTp.~es were
cffe=ed, and no mention of copolymers hav~:~g solution clarity, gel times
and low extractabies comparable to t::at cf the copolymers of the present
invention was '- made r J Planca et al. in Polymer, vol. 28, 224-230 (Feb.
1c%~ examined ti-:e microstructure cf VDF/HFP copolymers by nuclear
magnetic resonance, and the micc~ostructure determinations were used to
explain the 2.0 rrond _:, glass transition temteratures of the copolymers.
The synthesis of the copolymers involved a se;n~.conti.^.uous emulsion
process which used di;ferer.t J~~F/HFP ratios for the initial fill o~ the
reactor and fir the subsequent continuous feed of monomers. No 25 detailed
synthesis examples were provided, and there was no discussion of copolymers
having improved sclutio:: clarity, longer gel times and low ex=ractables as
provided by the copolymers of the ~ragant :.nVer:tlC:..   ' CVO 98i38243 6
September 2002 ~'aSl_rT'~ `_ 5,.. .:1 ."._. PGt. Ap~. V:,. __..,~__ .__
S.^.OWed d:": ~T,;:iSl~^.:: ~= OCeSS _., .TidK.'-. ~:. :_..',Tir?r S 5::~-a
_:colymers c= _luortnatec c_e_=ns cpt~cna'_=y with c-a __ mOr? n
On-f:.Ll.^.rinaLEd cl e~~n5 . .'.`1_ ^y,:~CeSS tell_~ C.^. phOtOChemiCa:.
_n-L~atlOn CL pOly.:,er' Z ~_C.^_ SC a~ ~h 3t ' r. o ~a ar , ra ~ preSSUreS
Coul ~ De ,.:5C tna:: _.,w..r ~_mp__ata~_s an,~ _ _ these used zcr
ther:~al~y initiated processes. W::~1= f- ' ~ r, = ~ , r S-, y ~ r- . . ,_
.`.e _ W3S Qe..e G_ me._..lOn C= t ~' S 'a~ t.:_ a= r ecula= it~. a o ; r.
r o i r o -; ,~ o. th_ r_sult_n~ polyme_s, th_ or._1 vi~en~e of C. rna ~ a
' , ~ tae rs~gula=ity once d poly(v~ .,rl iden f_sc i,. ) 1~ homopolymer,
and no claims were r;,ade as to regu_a=it~~ of cempositio: . Examples of
VDF!F-iFP cope~ymerizat~o:: were given, bu;. no discussion of the soluLio^
extraction properties c~ the copolymers was given, and there was no
relaticn made between physical properties 1S a..^.d t:~e structu=a of th`
VDF/HFP copo'_ymers. Morgan In L'.S. Pat. ho. 5,543,2=7 disclosed it r ~-~t
f r 1 0~ a W r r io 



n_Lc m ._ ra_luoroe~:-~y_er~_~ h_xai_ac_op_opy_..ne ..cpolymers, (TFE/HFP
copolymers) made by a ser.;icontinuous emulsion process. Uniformity was 22
- 5~r^,ply defined a5 there being a low proportion of a3~acent HFP units in
the polymer chains; there was no ~iscl osure cf t~e disposit_on o= __ _ and
H=P ;::zits otherwise, and there was no discussion of VDF/Hca copolymers o.
the properties to be expected therefrom. 25 'J.S. Patent 2,752,331
describes the synthesis of VDF/chlorotrifluoroethylene (r'~'~~) copolymers
having a high ur.iformi:.y of comonomer distributicn in its vr;al ecular
chains . T r_ Baggett and Smith in High PoI~.Tners, Vol. XV__~,   ' wo
y8~38~s: 6 September 2002 -T.a'." J'O^. ~:~~~_E',! ,_q^~~
~^a~L.?'_y.~~C_'.iT:~_ '-'`". : ~ - ~3 ~_~.._. p. 58'7 __ seq. ,
part~cu_arly at p,p. 5~? a :3 ~1~ desc=_be the syr.thes=s o. ~r.~form
compcs~.t_cn d=st_-ib~at~.cn copo_vmers of v_nyi~de::~e c'.^.__d= ana
v~n~,~l chlo= ide a^~d of vinyl chyo_ ide anc vmy_ acetate. None cf erase
references teaches or suegests a way to obtain V~F!HFP copoly;r:ers havir_g
se_vent sol~.:tior~ c'_ari ty ar.d f 1 uidity, longer gel ..~mes and low
extractables comparable to the vDF /~:F? copo_y-r.ers '_.~~ cf the ins=ant
invention c. that such properties are attainab'_e from VDF/HFP copolymers.
SUI~fARY OF THE INVENTION '~'he iTvention provides in a first composition
aspect a copolymer of vinylidene fluoride and .5 hexafluorcpropylene
containing a maximum of about 24 weight percent hexafluoropropylene, having
solutions of ~~nproved clarity and fluidity; for the copolymers hay=^g'up
to abo~.:t 8 weig:~L percent nom~.ral HFP conterLt, having weight percent
extractables within 2C p~~,~s or m~.nus 1 . 5 0 of the perce.^.t by weight
extractables calculated by ar. eguation selected from the group consisting
oy: a) Wt.% Extractables = i.7(HFP mole%) - 3.2, and b) Wt.% Extractables =
-1.~ + 1.5(HFP mole%) - 8 x 10-6(Mn), 25 and fo= the copolymers having
greaser than about 8 we=ght percent nominal HFP content, having a DSO
(differential scanning calorimetry) melti::g point at On ~ r ~ hC G~ least
2 . S ~. ~ owe_ t. an t.... DSC m__t_ng po_n,. cf copolymers having the
same ncm~nal weight percent HFP _ E _   ' ~ WO 98/383.i2 6 September 2002
=par_^ b:.W',;_t.^_^CS _cr wr.=c" t:-m pr=cr a=-t __..-~=e= c~ ~a:.= . ,,
T~'? ta:~g_b_ c,T.bOdlmen~S Or 4~.ir`7 rlrS`. c:~mpcs~.mo : aspect of the
_::vent~cr_ are st=aw col cr=c to colorless semi crystalline solids
:^:av~r.g r~e_ti-~g 5 pvlntS , aS de ~er ~i :ned by dli ferent lay.
sCanr_lng calor lmetr y (DSC;~ , lower than V'~F/::F? copolymer s :~~av=na
the same nomi:.al i:?P per centaae cente:~t prepared by processes reported
'_n detail in the p=per ar . . 



10 she tang_b~,= err:boci~.ments o; this `_first composit~en aspect cf the
invention also possess lo:.ger ceiation times frcm solution than: V~F/riFP
copolymers :~avi.^.g the same nominal HFP cor.~ent prepare: by processes
reported in detail in t?:e prior 1~ art. The aforemer_tloned p'.^.yslcal
characteristics ta~en together wi~h the method of synthes'_s positively
tend L to con_irm the s=ructure and ti:e novelty o.'the compcsitions sought
tc be patented. 10 T!~e torgibie embod~mer.ts of the first composition
aspect cf tr:? invention have the inherent app_ied use characterlst;cs G~
being suitable for paint a::d powde_coating vehicles and as chemically
res~.stant shaped objects and films both suppor~ed and unsuppcrted. 25
Fartcular me:aicn is made ef copolymers of the first composition aspect of
the present invention having rrom abcut 3 weight% HF? content to about 8
weight% ::F?, sti'_1 ;r:ore partic~.:larly copolymers having abcut 3 t~ 5
we'_ght% ..FP which possess the inherent applied 30 use cha=act~r;5tics cF
being par~i;.vlarly suitable as   ' 1'VO 98/38242 6 September 2002
,_,..^.ly'fT:erlC 3epctratO;S a.^.'~ i~0_' ylT;=~C __Y.'.__C,C~ ma~_=Ce= cr
batteries, particularly -i;t:~iuT batteries. '.he wr~.^..r ar=, see fcr
exatr,pl a U.S. ~, ~9~-, 3~3 _.as repo=to 1 _ th=~.~;r, bat ~eries made
=rom P'v'DF/:?= P copoly~r.ers :.a~~-~.r.g from 6% tc ~S~ .'~.y weight
iii?. Ic _s unceYstooc tha_ the CCpClymer5 C.'r th_ present ~:':VeI:tlC.':
hav:.::g ~1~P t ' co.^.ter.t ir. hat range are suitab;e for ~.:se :r_ such
batteries and would represe::t ar. ;r;orovemer~t terein. Sucr improved
batteries are also contemplated by ~r~e ~r,Vent~c.~. as equ=valents . -n '
_ Particular menttor. is a~so made of cooolvmers cf the first compos~tior.
aspect cf ti-:e i:wentior~ hav~.ng prom about 7 weight percent nFP content
to about 15 ' weigi:t per cent ::r P content , mor a part icularly
copolymers having about i0 weight percent ~FP content wt~ch possess t::e
inherent applied use character'_stic c. being s~itabie as flame resistant
insulation for w=re and cab'_e. Still further mer~cion is made of
copolymers ef L~'1_ ~irSt COmpOSltiCn aspect O~ the :,nVe:':LlGn having 2~
g_eate= than about ~.S weight percer:4 HFP content, still more
part~.cularly of copolymers having about =oo by weight cr greater hFP
content which have the inherent applied use characteristic as clear, ~l
exible, chemical 1 y resista.^.t f~lrr.s. 2S The invention provides in a
second composition of matter aspect, an improved article of manufacture
comprising an electrochemical cell having a positive electrode) an absorber
seoaratcr and a negative electrode where'_n at least ether one of the 30
electrodes cc;npr ises a v i:~y 1 idene fluor ide polymer _ g _   ' ~ wo
9si3s~.~~ 6 September 2002 ::a'~ _r.g a.^. -la: `=O=.~ILe maLeri3~ C:ri
;~.i:l=a Ll:er^411t.1 ~_ Sa_d abSCrC_~ S2paraLCr :OmprlSes a v~n;
J'_:.~~?rie f ~'.~Cr lCie p Clymer haVi ng an eleCtrOr.yt ,'T,laLer 1al _o;
r,:,~ne^ trerewiLi: wherein the imp=oveme::= co;r,Frises ti:e
poiyv~ny_~dene fiucride polymer cars~s==r.g essential=y of a vi:.y'_idene
l;~oridei:^.exaF:.uorepropylene copolymer as def=.^.ed ~:: the ~irst
composition aspec~ of the '_nver.tion. Soeclal mention. is made of
embcd~me:.ts ,:,f the a s=ccnd co-raos' t~or. ~t he i.^.venticr. where: th
10 'J~F/HF? copolymer has a hexafluorooropylens content c. f=om about 2
weight s hexafluoropropylene to about a weight o particularly those having
from about ., weight 



to about 6 weight % hexofluoropropylene, still more par ticularl y, t!:ose
having about 3 weig:~t % 15 ~:exa=lscropropylene. T!:e electrochemical
cells of which the second compcsitior. cf matter aspect of this invention:
'_s an ~mprovefient are described in PCT Application WO 95!0=332, European
Patent Appl~.cation 95 120 660.6 2:, 1.._=, published as number 730,316 A1
on September 4, .996 and J.S. latent 5,296,318. ';'he disclosures of she
PC^_ appl=cation, the Europea:~ application and the J.S. Patent are hereby
incorporated by reference. ?n addi~ion to use of solution casting
techniques for 25 cre~aration of films for use in battery constructions as
described i:: the aforementioned references, use of extrusion tech::iques
to prepare such films and the _ g _    WO 98/382aZ 6 September 2002
~.~..'Q.-..'~r~%... rGlv~ ~c..'l.~e~ t.-;~r'._YJT~' ,~~.~ ~ .'..ICv ~J:._'`
...r ~T.` ~ a t . i ~ ::aS a_s : b__:: ri.^.te~ t:iat bat t`1-ie5 i.3~~
_Ca.`_ed _=c^'. ti:e W%~~_ -~~p ccpoiymers of t::e ^reser.t ~.r.v=nti,.._
I':a'~2 better a.^~~:1eS10.^. Oi L~_ ..^.O"JT^erj "..'J ,'Tleta~i=.. pCr
tlO::S O~ .-.._CtrOdES ar.d hiQ::a~ L:S_' teTlJerdt;..=eS =::an lJatteriS
rabrlCated trO;Cl ~~,~J~-~j~~ C.^.pQ~yr1',erS ::aVl::~ S~II'tl! ar
perCentage t-iFF COnCent Sy::thS=..^_ad b\' C~:.Cr ar:. prOCeSSeS deSCrlbed
.n Ssf_icient deLa_1 to C~~~~aW.r cn. 1` ` _L.~~ r `~. T~ has also beer
observed -hat PVD= cocoiymers cf t::e present mvent~cn ^rov~de ba:.teries
havinc improved electrica; properties irclud~ng the capaoiliry Cf rig:zer
discharge rates than batteries fabricated from ^rL'DF-H~'P copolymers of
hav'_ng similar percentage :-~FP content synthesizeC by processes 3eSCr~bed
i_^. the prior art ;n sufficient detail for r eor od'.:c t icn . . ': he
~nvertion provides in a th=rd composition aspect,, a~sclution cf a
composition of the first composWicr. aspect of the inver:ticr: having
ir-.iprowed so~utic:~ clarity and fluidity. CCI~C~vmers of vinyl idene
fluoride ar.d nexafiucronrcbviene of uo to about 24 wts hexafluoropropyiere
are use=ui sem~crystali:ne t'~ermoclastics. As the u~~ content increases in
the r,:aterials, the crystalyir.it_e decreases, and, ?5 correspondingly,
the flexibility and solvent sensitivity increase. Other croperties change
as well, such as t:^.e fi nal mel tirg po=n:., wr,~ cr. decreases with
increasing H=~ con ent. Ir: hig:r_nur:.~y t ~a~ol~cations suci-~ as
membrane =i~tratien cr   wo y8~3824~ 6 September 2002 _Xtr3CL.iC:,,
liLE"LiL~.T, OaLL~'~'.% .^.Cn ..=a.^.Saa=_n CV L__^l _;CT~ SO1 LlLiCn
..~CrS~` 3::'~ tra:lSpC 2C;:1 r=^~ y_~.eis, __ is des_rable to have
Si..r:~~.._...:~:, ..'.`',i.CaS ='_::C a:':.. = r~ _cw cc:._ar.^,~nar.t
mater;alS Wlt!: _CW _~:~c~S Cf _Xt~aCta~~^.leS, ~ =t:. l a g..
~OrIT.Gti.^,.. _n L::. .~.,r_S_nC o~ SClVe:a=, a_nd gCOd Clarity. r'I=_ v~F
;~~Fa C~J~O~:J'.fters provided here SNOW lower PXLraCta.O_e5, 1!'.lOr OVed
Solut l or: properties, improved cl' a= 1 t..r and ~_~idity , and lower
~ne'_ting poi^~ts in compar l.son to ^' VD=/~:FP copo~y;ners of
ct'.^.erw=se s~milar tn_ o:~ur.~~~~,., F? cor.te.^.. and man;:facture known
_.. the nr;or ar t . DESCRIPTION OF THE DRAWINGS Figure 1 is a comparison
of the final diff=re:.tia1 scanning colorimeter/(DSC; me?ting point cf
coooivmers of the invention wlt:~ DSC :netting points 1J .,_ rr~or art
compounds whose synthesis is described In 



~eta_l. Fi~sre 2 stows the effect or. HFP level on colvmer ~xtrac~ibles in
d=methyl carbona~e (DMC) at 40C for ccpoiymers of the invention and
copolymers of the F.=_^r ar. whose synthesis is described In detail. Figure
3 shows the relationsh=p between HFP co:.tent ar_d log cf gelatin.^. time
from solLt~on (2~ wto ~n propylene carbonate) of copolymers of the present
_:-:venticr. and of cepol~-mers of the prior art :-~avirg ~5 s~i=:~cient
syr,t'~esis detail for reproduction. DETAILED DESCRIPTION The invention
provides ccpolv~ners of vinylidene ~luc=ide and hexaflucropropylene :.awing
hexai'~uoroprcpylene content of up to about 24 wt% and - 11    . wo
98~38~42 6 September 2002 r.a~;_::g ~-~.~rc'~'e: scl~aclc.. clar_cy ano
=y.:~c_=y and ~~Q'.:Ce~ e:rC~aCCa.^,lr-s. T^ CepCl`,'.'.'1~ s a~c
C:WVe..=e:'.= made ~DV a.^. -^':L:~ sr.Cn pOlVT'.lerlZat~:~:: preCeSs,
L.'..t waspens~.... and sol~:tion processes may al sc ce ased. In an
emu=s~cn pol ,.mer _zatien e=:,cess a _ eactc= is chargad w=th cie~cnized
water , ~,aater_sc=~,:Dle s~.:rfactaat capable o` emulsifying th= react_or.
mass d::r~ng r ~- -v r r 1 ~ ~ r ~ v ' v . co_yme_iza,.~c.., pa..a_f_n
ar.ti~ou_a.:~, ~~r.Yl=done `lucr~de, hexaf:ucrcpropylene, chain-transfer
age::t tc ccntr^' ..^^o'ymer molecular weignt, and initiator to V ~ .r V 1
start and ,:~ai:.tai:~ the po~ymerizat'_on. ';'o certain t'.^.e VL~='i H^?
copolymer s o. the present ~rvent? o.^.) the ir.~t~al charge of VDF and
~i^P monomers ~.s such that the amc~:nt of HFr is up to 480 of the combined
weigr.t c. to mo:.cmers i:.itially charged, and then VDF and 'r'... are =ec
cont_ruously th_oug. _~ "~ ' r 'gout tre reactio.^. such that the amount of
the H=P ;s uo to 24% of the c:,r::;:..^.ed weight o f t he monomers fed con
t mucus iy . Tr.e v~,F,'~iFP 'rat'_os are di=fore.^.t in t:^.e ir.it=al
charge and :wring the continuous feed, a:.d eacch final polymer 2~~
~cr~.oositio^ has defin=to and related ratios for the ~nyt_al charge a.^.
cent inuous feed. ';'he process ~.:ses our.ts cf VDF and ::=~ menOmerS
s',:.Ch that the tCtal am amount of HFP used is up to about 24% of the
comb'_ned ~ctal weight of the monomers. 25 The reactor is a pressurized
polymerization reactor ecuipeed with a stirrer and heat control means. The
temperature o. the polymerization can vary depending or. the
characteristics cf the initiator used, but it ~.s typically between 55 and
105^, a:.d _   WO 98i38'',.13 6 September 200. _0 mcst conve.^.=aptly __ ~s
betwee:~ %~ a:14 ~.. -^e temperature is not '_imited to this range,
hcweve~-, a:~d rr,ig=~~ be hia_ner c. lower .f a high-~emperat~~_e or ~
owtemperature Initiator is used. The VDF/:~FP ratios used ir. the
polymerization will be dope.^.dent or. the 5 temperature chosen for
reactor.. T~^.e pressure cf the polymerization ~s :.ypically between 275C
and 69G0 kPa) but i= can be higher if the equipment permits cperation at
higher pressure. The pressure ~s most cOnVenlentlv between 3790 and 5860
kPa. Surfactants used in the polymerlzatior. are watersolubie, halcaenated
surfactants, especially flucrinated surfactants such as the ammonium,
substi~uted ammonium, quaternary ammcnium, or alkali metal salts of
perfluorinated cr partially fluorinated 15 alky~ carboxylates, the
perfiucrinated or partially fluorinated monoalky'_ phosphate esters, the
perflucrina~ted or partially fluorinated alkyl. ether or poiyether
carboxylates, the perfluorinated or partially fluorinated alkyl
sulfor~ates, and the 20 perflucrinated or partially fluorinated alkyl
sulfates. Some specific, but not ~ir~iting examples are the salts of the
acids described in t'.S. Pat. No. 2, 559, 752 of ti-.e formula X (CF2)
nC00M, wherein X is hydrogen or fluorine, M is an alkali metal, ammonium,
25 substituted ammonium (e.g., alkylamine of 1 to 4 carbcn atoms), or
quaternary ammonium ion, and n is an integer from 6 to 20; sulfuric acid
esters of polyfluoroalkanols of the formula X(CF2)nCH20S03M) where X and M
are as above; and salts of the acids of - 13    " WO 98i382'_' 6 September
2002 .....- LC~T,..._W . ,'v..-' G: n ~W.'~` J .~..v :'~') wllAre 5. a:.u
`~~ d_ . .T. .5 r. a i^_~ oy Fr -, -v .-. 



a.,ov.. , r. ~ s as .. _ ~.g~ _ om ~ ,. ~ , a:~wr: _ an =ntvje= =rOT - LG
~, SuC_'1 aS In pOtdSSlu:"1 Cr.._L:CrCOCLyl SL;1 Forate. '='~'le
Surf3CLaIIL. ChaY'C2 .S ~'_":~m ~ . ~~~ ~ L: ~ ~ 17y WPIg~'Tt On Lfla_
total ,T; :nCrl"._. w==Gr':t 5 useC, and -nos_ preferably t'.^.e s~,:rfa;
.tant chaYge ~s =om 0.~~ tc 0.2o by weight. The paraffin antifoula.^.t ~s
co :ventiona' , anary _cr.g-chain, saturated, hydrocarbon wax or oil may be
used. Reactor loadings of the paraffin are =rom 0 =0 ~c 0.3o by weight on
the total monomer weight used. A=~e~- the reactor has been charged with
deienized water , s~.:rfactan:., and paraffi.^. antifou~.ant, the =eactor
is ei~her purged with nitrogen or evacuated tc remove oxygen . '~:~e
reactor is brought to te:nperat~~re, i~, and chain-transfer agent may
optionally be added. The reactor is then. pressurized with a mixture of
w~.ny=idene Fluoride and hexafluoropropylene. Cha=n-transfer agents whicr.
rlay be used are well ~:ncwn _.. the polymerization of fluorinated
monomers. rlcohois, carbonates, ketones, esters, and et:~ers are oxygenated
compounds which serve as chain-transfer agents. SpeciFic, but not llmit~n~
examples, are '_sopropy' alcohol, such as described in U.S. Pat. No. k
360,552, acetone) such as described in U.S. Pat. No. ~S ,857,97, and ethyl
acetate, as described in ~he Pub'_ished Unexamined Application (Kokai) :7P
580o'57i~. ~t'. er classes of compounds w:zicr. serve as chain~~-a: s`_eY
agen';,s _:, the pol,,~merization cF flucrinated mcnomers are halocarbons
and Y':V,~.=ohalocarbcns such as - =4    . ~ WO 98/382.13 6 September 2002
-. , _.._c=ccart:~ns ...,a=oc:.lcrc~c~_ocr:~ ..~~ C_Orl:::W:~C3=..^.CnS)
3..^.3 . ":=:..CI:..CrC~l'.:C_.,Ca~DC::~' S^_C=~-C, C;it .^.,^~~ ~l.m=~~:lg
_xa'"lpleS art =r;. C.^._ :~ C~_L:vrGmEt.':a.^.e, S',.1CI: aS Ci~?SCr=r'eG
..^. :.'. _ . : cW . plc. ~,5~9,97~) and
;,1-d~c'.^._orc-~,2,~-__~flucrce_han=. ~~,ln-tra.^.Sf_r agerWS may be addeC
al~ a. pr:,^.e S beyinmr.g Gf t::e reac:.~Cn, ~n pCr_~onS =nrc''ghc;:t the
EaC ~ iCr. ) O= ...^.~I:t? .'LLiOLISJ.V aS thE' r~aCs.=.v^:: L7r OQ~ eSSeS
. '"::= amcurlt of c::ain-~rans=e= anent and mode o~ addi4~or. wrich is
used depends on t'.^.e actiWty of th= _C anent and the desi=ed molecular
weight c::aracteristics of the product . T:^.e amou.^.t of chair.-t=arafer
age.^.t used is from 0.05o to 5o by weight on the ~ota~ r~Or.Gm2r we;g::t
used, and prefer abl y W ~s =r om 0 . . to ~~ by we=ght. '^he reactor is
pressurized by addinc vinyl'_der.e f 1'~cr ide and hexa=l uor opr opylene ~
:oncmers in a definite ratio (first e`fec,.ive ratio) such that the
h=xafluoropropylene ranges up to 48% of the'combined weight of the mcnomers
initially cragged. '~'he =first Grfective ratio used wil'_ depend cn the
=elat~ve react~v:ty of t:e two mcnomers at the pciyme~-~zation temperate=a
c`:osen. The rear=iv~ty e. v_:.y'_idene fluoride a^d hexafluoropropylene
has been reported fir. Bonarde:.li et al., Polymer, voi. 2~, 905-909 (J'une
?5 =996). Tha relative reactivity is such that to obtain a particular ur:;
form copolymer composition, more hexa`luoropropylene has to be charged tc
the reactor in the ~n~tial fill than will be ~r.corpcrated into to
copolymer. At the convenient polymerization - 15    



wo 98i38Za~ 6 September 2002 remperatur= Yange of this ~nver.tion, aboLt
twice as ^~uc'.^. hexafiucrcprcpyler_~e l:as to be char=ed to t?:e rea`tor
in the initial fill as will appear ~:: the oolvmer. The reaction can be
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 monomers ;^clud~.nc i:organic
peroxides, "redox" combinations o= exid~.z~ng and reducing agents, and
organic percxides. ~xa;r;ples of typica'_ inorganic peroxides are the
ammonium or 1C al ka~:. metes' salts of persulfates, w:-~icr: have useful
activity in t.^.e 65C to 105C temperature range. "Redox" systems car.
operate at even lower tempera~~.:res and examples include combinations o.
oxidants such as hydrogen~peroxide, t-butyl hydropercxide, cumene .S
hydrcpercxide, or persulfate, and reductants such as reduced metal salts,
iron (II) salts being a particular example, optionally combined with
activators such as sodium formaldehyde sulfoxylate or ascorbic acid. Among
the oraar_ic peroxides which can 2C be used for the polymerizaticr. are the
classes of dialkyl peroxides, peroxyesters, and peroxydicarbonates.
Exemplary o~ dialkyl peroxides is di-t-butyl peroxide, of peroxyesters are
..-butyl peroxypivalate and t-amyl peroxypivalate, and o~ 25
percxydicarbonates are di(n-propyl) peroxydicarbonate, d'_isopropyl
peroxydicarbonate, di(sec-butyl) peroxydicarbonate, and d~(2-ethylhexyl)
peroxydicarbonate. The use of diisoprcpyi percxydicarbcnate for vinylidene
fluoride - 16    VVO 98/382-~' 6 September 2002 p~~lvm='iZ3~lC~. a::d
CCDCIyT'1er=Zat~C:'? W~ti. : C:le. f:.ucr=rated monomer s is taught ~ r. L~
. S . Jat . Ne . 3,=75,35, and i~s use in making vinyl~dar:~ f=uor =de;
hexa=luoropropy~.ene Copolymer s :~s fu_ t he~ _~lustrated .n ~J.S. ?at.
No. 4,35e,053. The use o= ' S d~(n-pYcpyl; peroxyd~carbonate _n v_nyllaene
r=;:pride polymerizat~or.s is described in :.he Pubi~sned Unexami.^.ed
Applicatio:~ (Kokai) J? 58065711. The Cuant lt;J OZ a^ lnltlatCr re~;il~'ed
ZOr a `.1-.rClVmer lZatlOi~ is related to its activity and the temperature
used 10 for the polymerization. The total amou^t cf ir.~t~.atcr used is
genera=ly between O.O~o to 2.5a by weight c.^. the total monomer weight
used. Typically, sufiicie:~t ;r.it~atcr is added at the begi^r.ing to start
the reaction and then additional i:~~tlator may be cFtiora'_ly added to
maintain the polymerization at a corven~.er.t rate. The i::itiatcr may be
added in pure form, ~r_ solution, in susperss.cr:, cr in emulsion,
depending upon the in=tiatcr chosen. As a particular example,
peroxydicarbonates are conveniently added ~n 20 t::e form oy an aauecus
emulsion . As tre reaction progresses, a mixture or ~,~ny==done fluoride
and hexafluoroprcpylene monomers ~s fed in a definite ratio ( second
effect:.ve ratio) so as to maintain reaction pressure. The second 25
ef=ective ratio used corresponds to the monomer unit ratio desired in the
final composition of the copolymer, and it can range up to 240 of the
combined weight of the mo.^.omers being fed continuously throughout the
reaction. The feed of vinylidene _ 1 7 _   WO 98I38242 6 September 2002
=_~.:oride, ._exa==urcrcpropyle_ne, a::d opt~.o:za=1y initiator and
chairs-transfer agent zs c;~::t=rued unt=_ the desired.reactcr fil.- ys
obta_nec. Upon reaching the desired reactor fW_, the monomer feeds are
terminated. To achieve the 5 copolymer having optimum solution cla=ity and
m~n~ma_ extractabies, all other feeds are stopped at the same time as ~^e
monomer feeds, and the reactcr is vented as socn as ~s practicable.
Alternatively, to achieve highest yield at the expense o~ solution clarity
and to extractables, a react-out period to consume residual monomer is used
with optional continuation of in'_tiator feed. For react-out, the reaction
temperature and agitation are maintained for a period of 20 to 3~~
mi.^.utes, but a longer period can be used 1~ :.~` r2qu'_red in crder to
consume monomer to the point where the reactor pressure is no longer fa
ding to any sig:~ifica:.t degree. A settling period of typically 10 to 40
minutes may be used `oliowing the read -out period. During the settling
period, temperature is 



20 maintained but ro ~:~itiator feed is used. ';'he reactor is then. cool
ed and vented. The product is recovered as a latex. To obtain dry resin.,
the latex is coagulated, the coagulum is separated and the separated
coagulum may be washed. 25 To provide powder, the coagulum ~s dried. For
the coagulation. step, several well-known met!:ods can be used including
freezing) the addition o. acids or salts) cr mechanical shear with optiona_
heating. ^he powder, if desired) can be further _ ,g _   6 September 2002
processed into pellets or other convenient resin forms, The following
Examples further illustrate the best mode contemplated by the inventors for
carrying out their invention and are to be construed as illustrative and
not as in limitation thereof. ~ Melt viscosity measurements are by ASTM
D3835 at 232C and 100 s''. Thermal properties are measured with a
Differential Scanning Calorimeter (DSC) according to ASTM D3.~I8. As used
throughout the description and followin' claims) any reference to HFP
content is reference to an HFP content determined by the following Method
A: 10 l~~Zethod A HFP content was determined by '9F I~~TvIR 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 NiHz was used.
Spectra were obtained either in deuterated dimeth;~l formamide at 50C with
an excitation pulse width of 8.0 microseconds and a recycle delay 1 ~ of 10
seconds, in deuterated dimethyl sulfoxide at 80C with an excitation pulse
width of 6.0 microseconds and recycle dela~~ of 5 seconds, or in deuterated
acetone at ~0C 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 Vfaters ~1~0 C chromatographic device
with a set of PL gel 2 mixed B columns with bead '_'0 size of 10 microns
was used at an operating temperature of 105C. HPLC grade dimethyl sulfoxide
(DMS ~) was used as the eluant at flow rate of 1.0 mLimin. The samples were
prepared by -19   WO 98i382.: 6 September 2002 ,.~.SSv-~ ......~:i =..
L:~'~J~ =Or ~ 1'1G'.wrS at ~^,. C'~.'~..''A?S ~- i ollowed by t__t_at~on.
EXAMPLE 1 Into a_7.~ liter. Stain-eSS Steel reactC~' we=a 



carced 4.99 kg cf deienized water, G.236 k3 cf a 1 wt ~ solution of a
rr:ixtLre of per=~ ::o~oa=ka:.oa~e saps, and 0.0G4 kg of aaraff~r. wax.
':he rr._xture was purges w~ th r.itro~e.^. ar.d agitates for 3~ ~:~:~utes.
The reactor was sealed 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.
hexafluoropropylene is ratio of 88 viny'~iden=_ f:.ucr~de;l2
hexaflucropropyler:ei, and 0.120 kg cf a 5 wto solution c. ethy~. acetate
in deior.ized water. The reaction conditions were stabilized at 80 degrees
Celsius and 4480 kPa, and 15 then the polymerization was begun by
introducwng 0.026 kg of an initiator emulsion ccns~st~na of 2 wto
di-npropyl peroxydicarbonate and C.15 wto mixed perLiucroalkanoate salts
dispersed in deionized water. The cressure rose to 45S0 kPa with the
add~.tion of the C _::i;.iatcr emulsion. The ~olymer~zation was
mai:.tair.ed cy t:e addition cf the initiator emulsion at the rate cf 0.112
kg per '.^.o~~r, and by the addition of a ~^:ixture of vinylidene
fluoride/hexafluoroprcpylene in the ratio 95 vinyiidene fluoride/5
hexafluoropropylene so 25 as to maintain pressure. After 4.2 hours, totals
cf i.890 kg of vinylidene fluoride and D.140 kg of hexafluoropropyiene had
been charged to the reactor. A11 feeds were stopped, and the reactor was
cooled. After S minutes of cooling, agitation speed was - 20    ' wo
98i3824'' 6 September 2002 =du..ed ty ?'"~" c a:-:d surcius gases we==
va::t=..".. nQ~tatlC:: WaS StOppeC) the reaCtt~ Wd5 Li:~.`.hp'' OOCi_..'~.,
ar;t~'ler. it Was emOtled Of latex. ?OlYm~.: =S~:_ Wa5 isolated
by-coaguiating the latex, washi::g t^a resul=;ng so=ids with boiling water,
and dr.~_ra the S solids at 110 degrees Celsius tc ;yield _ine powder. T:~e
resin so made had a melt v~scos~ty cf 277C Pa. s, had a DSC melting point
of 152 degrees Ce_sms, and had a hexafluorcpropylene content as measured by
D1MR of 5.4 wt%. ;D EXAMPLE 2 into a 7._ liter, stainless steel reactor
were c::arged 4.913 kg cf deior_ized water, 0.23D kg of a 1 wt% solution o:
a mixture of perfluoroalkanoate salts, a:0.004 kg o. paraffin wax. The
mixture was purged 15. w:.=h n~troger. and agitated for 30 T~i:~utes. The
r=_a~tor was sealed and heated to 80 degrees Celsius. The reactor was
charged with 0.415 kg of imyl~dene iuo=ide, 0.215 kg of hexafluoropropylene
(a ratio of 5 ~=nylidene fluoride/34 hexa`iuorcpropylene;, and 20 0.010 kg
of ethyl acetate. The pressure was at 4895 '.rya. The reaction c;~nd~ticns
were stabilized at 80 degrees Celsius, and then the polymerization. was
begun by introducing 0.040 kg of az initiator emulsion consisting of 2 wt%
di-n-propyl peroxydicarbonate and 25 0.15 wt% mixed pe=fiuoroalkanoate
salts dispersed in deionized water. The pressure dropped upon initiation
and '_t was then ;maintained at 482S kPa. '='he polymerization was
mainta'_ned by the addition cf the in'_tiator emulsion at the rate of 0.176
kg per hour, - 21    ' wo 9si38?~t? 6 September 2002 Qn,.d b~; t~A
aadit_c:: cf ' t re c= v~:.yl~jane a mix a floor-deb.^.exa=luercorccvler.e
i.^. t:~a ratic n= ~:~ny'_=dene Llucr~de/16 hexaf=uorcpropylene so as to
maintain pressure. ~:fter 2.2 hours, tota'_s c` 1.585 kg c. vinyiidene
`luoride and 0.445 ka of !:e:ta=~ ;lOr'OprJpylene had been charged t0 W":e
;~?aCLGr. Mo.^.omer feeds were stepped, and residual rrcromer was .. ~ ,
cc^sumed by ma:.r~~.a~r._ng the ir_itiator emus=or_ feed r and BC decrees
Ce.:sius ~or 20 mi:~utes. The ~._it~ator feed and ag~tat;cr: were stopped
and ti:e reactor was 10 allcwed to settis 10 m_nutes. '~'he reactor was
cooled to ~5 degrees Celsius, vented, and then it was emptied of latex.
Pclymer resin was isolated by coagula~ing tre latex, washlr.g the resulting
sclids with boiling wa~er, and drying the solids at 60 degrees Celsius to
_S _~'_eld z=ne powder. The resin so made had a mel:. 1-~scos'_t~r of 122C
Pa . s, had a DSC mel ring point of 114 degrees Celsius, and had a
hexaflucropropylene content as measured by N~1~ oL 17.2 wt.%. ~,XAMPLE 3
(Comparative Example to Example _) 2~~ Into a 7.5 liter, stainless steel
reactor were charged 4.?99 kg o~ deionized water, 0.230 kg of a wt%
soluticn of a mixture of perfluoroalkanoate salts, and 0.004 kg of paraffin
wax. The mixture was purged with ni:.rogen and agitated for 3C minutes. The
25 reactor was sealed and heated to 80 degrees Celsius. The reactor was
charged with 0.400 kg of vinylidene fluoride, 0.030 kg of
hexafluorcpropylene (a ratio of 93 v~nylidene fluo~ide/7
hexafluoropropylene), and C.120 kg cf a 5 wt.s soiu~ior. of ethyl acetate
in - 22    WO 98I38243 6 September 200z Cc=CI:=~eC sn'c'W_; . T:: ==a~tl
;.. CC^~l~=0::WJr St3bl~~ZeQ a~ 30 C2greeS ~2_S~us a::C.. =4q0 lC~a,
a.^..^.~ then t:ne po=vmer~zation was begu.^. by i::troduc~ng ~0. kg c_-'
an i~r.;=iator emulsion. ccns~stir.g of ~ wt ~ di-n0 p=cpyl
percxyd~carbonate and 0.15 wto mixed 5 per`luoroalkanoate salts dispersed
~.n de~cnme,~. water. ^he polymerization. was maintained by the addition o=
the =n~tiator emulsion at the rate of 0.1=2 kg per hour , anti by the
addition cf a mixw,:re of v~nyi_dene flucride/hexa~luoropropylene i^ the
ram o 93 



.0 ~~~lnyl_dene flucride/'1 hexafluorcpropylene so as to ma;:.tain
pressure. After 3.~ hours) totals or 1.890 ka of vinylidene fluoride and
0.140 kg of hexafluoropropyiere had been charged to the reactor. Monomer
feeds were stopped, and residual monomer was 15 ccnsumed by maintaining the
initiator emuls~or. ;eed and 80 degrees Celsius for 20 minutes. The
initiator feed and agita t or. were stepped, and the reactor was allowed
to~ settle for 10 minutes. The reactor. was cooled to 45 degrees Celsius,
vented) aad then ~t was 20 emptied o= latex. Polymer resin was isolated by
coagulating the latex, washing the resulting solids with boiling water, and
drying the soly~a at 110 degrees Celsius to yield fire powder. The resin so
made had a melt viscos_ty of 2550 Pa.s, had a DSC 25 r~eiting point of 154
degrees Celsius, and had a hexafluoropropylene content as measured by NNR
of 6.0 wt.%. EXAMPLE 4 Into a 293 ~iter stainless steel reactor were - 23
V1'O 98/382.t. 30 6 September 2002 :a=gec ._.... . J Kg :,f ceion=zed
water, y . C~~ xg cf ~ ~.;, wt~ sciutyon cf a rnixw.:re c=
pe=Fluoroa=kancat~ sa'_ts C~~S k^ of paraf=in oil . T::e reactor was , and
C. ~  e~,racuatea and heated to a temperature c_-' 91 degrees Ce-_s_us
duri-:g the charging, and ag_tat~on was uses. Tc t=:e reactor were added
12.o kg of v=;:',~__dene ~uo=ide, C.8 ka of hexafluoropropylene (a ratio cf
94 vin yr-dene f 1 ucride/6 Y:eXar1L10rOprOTJylP:le;' , a: d C . 5 kg ef
et~yl acetate, which brought the reactor pressure to 4480 kPa. During the
pressurization) when the pressure reached 3445 kPa, a feed of .~..itiator
emulsion consisting of 2 wt% d=-n-prcpyl peroxydica=bonate and 0.15 wt%
mixed per==ucroalkanoate salts dispersed in de-_onized water was begu:: a
red was maintained at 9 . 0 kg/h .until 4 . 6 kg c` ~-~~tiator emulsion had
been added. '"he .ate of further initiator emulsion addition was adjusted
so as to ma=retain a total monomer feed rate of 27.0 kg/h. A monomer
mixtura in the ratio 94 vi..^.ylidene flucride/6 hexaFluo=opropyiene was
fed to the reactor so as to r-~aintain pressure at 4480 kPa until the
tota'_s of 85.3 kg cf vinylidene Fluoride and 5.4 kg of hexafluorepropylene
had been ca=ged to the reactor. All feeds were stopped, and residual
monomer was consumed by maintaining 91 Celsius and agitation for ~C m=notes
and then by maintaining 91 Celsius for 35 r^.l::utes . The reactor was
cooled, vented, and emptied o. latex. Polymer resin was isolated by
coagulating the latex., was'.:ing the resulting solids with water, a::d
drying the solids to yield fine powder. The res~.^. sc trade had a melt
viscosity of i740 Pa.s, had a DSC - 24    ' WO 98/3842 6 September 2002
me_t_~~ p c_~-::. .._ ~~S dscYees Ceiswa=, a:~~. i-.a~ iy:exa~'_uorcpr:.:.;
w_e-:e ccr.te~:= as measa_~e : ~,, ~'i~?R c= . w .. . a F~Cp,~iPLES 5 to 12
Copolymers e. examples 5 tc 3 are made s'_-r.~~a=_v tc S ccpoiymers of
Examples 1 or " a:~d c:~po=ymers o` examples 9 .0 12 are made sim_iar~y ~o
ccpo~ymers o~ ~'xam~ales 3 or 4 and are s:~ow:~ ir: :a~ie i . _ ~5 _
TABLE T EXPERIMENTAL EXAMPLES Erample12S6!834910I11?.(Uetatled examplewhrch
the exampleIs similar roof-111. 2-3343Temperature,
'C80BO808080808091808091801'ressute,
kPa9SSD98259550948049809980448044B04480951593804980lnttial Fill [a)Water,
kg4 7999 9134 B374.'7684 7974 7239 7992DU 04 B379 76R20004 l23VUF, kg0 3S50
4I50 36S0 36S0 4600.9000.4D012 60 3900 36S1100 9S51NFP, kg0 U490 21SD D300
129D.1630.2070 D30D 80 D170 060190 128EtoAc Solution, kg0 12O-U 0800
1600.1300 2000 110-0 0800 160-0 20UEtoAC, kg-U 010-----0 S--07-t11'P
Emulsiun, kgU 0260 0900 0260 U330 0360 0400 0264 60.0260 033370 0.t01
S'totalsVDF) kg1 8901 5851 9151 7951 -I001 S901 B9085 31 9951 74S771L
58511FP, kg0 1900 9950 0830 28S0 3310 491O 1i05 40 0850 28S1360 49StJPP
Emulsion, kgO S060 4600 913U 4220.3520.4630 90S8 5D 5400 49183V 563htelt
Vtscostty, Pa s2770122U3120166017609802S50374U224010106f>08502 UMeltrng
Point, 'C1S21t41S613212S11615415S159141139116Polymer HFP, wtt5 417 23 412
514 817 05 89 64 911 811 ~18 1[al Per-fluoroalkanoate saltsolutron,
perfluoroalkanoate salts) paraffinwaY, andparaffinoil rne;,amples Sto12
werethe same as tn the similardetailedexamples    wo 9si3sz.s~ 6 September
2002 T ~~SCLut~on;s~ a:ir~ imp=o,red clar,~,. T~= _ anfl~.._.._ty~~ as used
__. r_.^.e sF.ec___=at_c:: a.^.^ ..=G1~TIJ .._ This a~~licat~cn means t:_a~
the s~iut=c :w,a ) cf any par ~icular copol ymer c~ t::is ~nve::tion having
a particular nominal FF? co:~ter_t wi__ crovid_ so.:ut~ " A ' 'onfs)
havi::g descriptive ^ropertie= ara~.ogous to those shown by Exampl a .. __.
,able IT_ when dissolved in arv of the solvents listed at the same
concentrat;oa levels at which a 



c:,colymer :.a~.rine about the same particular no,~.inal HFP conte::t made
by a typical process described .n detail ~.^. the prior art provides
solution descriptive properties analogous to those shown in '_'able I. for
Example 12. EVALUATION OF THE SOLUTION PROPERTIES OF THE _ 5 EXAMP~~~ES Tha
solution properties of examples 2 and ;2 are shown in Table iI. Mixtures of
the inaica:.ed we=ght perce_^.t were prepared, using heat when' necessary
to dissolve the polymer completely and C _~=m a clear solution. Solutions
were then allowed to cool and observed da:.iy over a period of two weeks.
^he copolymer 2 showed a reduced tendency to ge' and ~o be clearer than the
copolymer 12. The retention of f;uidity ai:d clarity by the copolymer 2 25
is adva.^.tageous in appl:~cations which rely on polymer solutions, such as
in the production of cast :.films and membranes. The reduction in
tende.^.cy toward gelatio^ by tha cooo~.vmers cf the r~reser.t invention
'_s =;~r the= - 27    wo 981382a2 6 September 2002 s:,cw:: ~_. Table =_ ~:.
The c~;atic.^. m:r.es c= orc~vlene carbonate solutio^s c= some cf th_
2xamoles are s'.^.own ~^ the table. A Rheometr=cs dv^amlc s_~resj rheometer
DSR-200 was used to meas~ara the gelatl0r. tlmeS Of 20 Wt o SOil:ti0.^.s Of
tt'le 5 polymers ~n propy_ene carbonate (the propylene carbonate was of
nominal 99.7% purity). The rheometer was fitted with a Pelt;er fixture and
solve::t trap. A 40 mm paralle~ plate geometry was ~.:sed w~t:z a gap o. 1
mm. Sol id copolymer was m=xed 10 with propylene carbonate at room
temperature on the day of measurement, the container was sealed, and the
solu~ion was formed by heating and stirring the rr.ix.ture .n the sealed
container for 1.0 hour in a Pierce Reacti-Therm~ Heating/Stirring Module
set at 15 120C. '='he solutions were quickly loaded at the end or the
dissolution period into the test fixture, wh~c:~~ was preset at 100C. A
temperature cooling ramp in dynamic oscillatory mode at _ Hz was begun as
soon as the fixture temperature re-equilibrated ~C at 1C0C;
re-equilibration. typically required a minute or less. The cooling ramp was
from 100C to 15C at a .ate o~ 30C/m. When. 15C was reached, a 1 minute
equilibration time was used, and then a time sweep measureme.^.t was
begu.^.. The sample was held at 25 15C during the time sweep measurement
performed at 1 radians. The time sweep was continued ur~t_1 the eel point
was reached. The gel paint was taken as the point at which the solution
storage modulus, G', and the less mcdulus, G", became equal. The gel 30
time was taken as the time duration in the time - 28    WO 98!3824 6
September 2002 sw.eec tc Yeat.. -i:e c~; oo' nt . T c rc' cn L,'~ 7 rcn~
i:_ ~at~.on betwe_.. . cor__.._ arc t::e i~,ga=~tn~~ c~ the gelation t~^~e
o. -~e 2~ wtc=cpyie^e- carbonate solut~.ons is show : in F~g~~re _ . _,.
C3r: ~a 5ee.^. LI'lat ~~la COJO~y?i~S GL' tf: ~'J~S'1L 5 _::ver.t:~cn have
? onger gelation t:.mes t~:an the - copo~ y^le'_'s prepaxed accor~irg tc
t:~e pr for a= t over tre whole range of HFP conte.^.t . T!~e Yeduced
tandenc;r towarc geiation by the copcivmers c` ti:e prasar.t irve:~t:.Gn is
advantageous in processing suc:: sol;:t~or.s for film casting an3 ct!:er
soiut~or. acniycations. - 29    WO 98/382.126 September 2002TABLE
IISOLUTIONPROPERTIESpcivme=~~pearar.ce_~ncer.t:at_o.^.
a.-.d.,.,:ventExample::E.campie ,_10% inMEN__u=d,clearFluid cleari 0~C%
i::MEKfluid)clearby aay 2, ~oose ~e~,clear:0% i:~MENb; dayl4,somegel, clear
by day :, loose ge:,,. _~ oud;) by day : , ge 1cloudy.0% .nhipKFlu;
d,clearFluid, c:ear?Oa inMPf~Fluid,clearby hour 2, some ge=,clear, by day
:) gel)slightly cloudy10% inMiBKFluid,clearb~,r day 4, gel) c_ear2 G10%
i:~CPOfluid)clearFluid, clear1Jo inCHOFluid)clearfluid) clear~0~ i^C:i^by
day2., somegel, clear by day 1, some gel,clear)by day 2, some gel,=:oudy1Ja
~:~EcoACfluid,clearby day ~, some gel,dear.." anEtoACflu: d,d earby day 1,
fluid,cloudy,by day 3) some3 0gel,cloudy10% -....-PrOAcfluid)c'_earfluid,
clear10% ini-2r0Acflu; d,clearby day o) some gel,clear10o
inEGMEAfluid,clearby day 6) gel, clear35:0% i.^.CMCfluid)clearby day ~,
some gel,clear<0% inDMCfluid,clearby day 1, some gel,cloudy; by day
2,mostly4 0gel, cloudy20o i.^.Blend 2fluid,clearby day 14, flm d,cicudy -
30    



~'~ 98~38~'~' 6 September 2002 ~Ot~ ~i T'~.^.;~a '~a~ pCly'.T;er
COn.^_e.^.=ratlCnS are vvt o ',lnles S~3~e~~. ct`:erw~se. M~:C .s methyl
eti:y'_ etcne, '.~!F?~: .s methyl pr~pyl ketone, Mi3K is methyl =soh~:tyl
k=to^:e , C?O .s cycl open tanone , ~:i~.'~, is c:~clchei:ar.c::e 5 ~tGAc
is ethyl acetate, :~-PrOAc ~s n-propyl acetate, _-PrOAc is ~sopropy'
acetate, ~GMEA ;s eth;rlene glycol monomet?:yi a ther acetate ) DMC is
d~:netyl carbonate, Blend 2 is co;nposed of 35.4 parts M=3K, 29.B parts
CHO, and 30 parts DMC b,,r weight. - 3~    WO 981382.i2 TABLE II A SOLUTION
GELATION TIME (a] 5 iC T Fxam:~-.~j '.y umber1. T Ge_Q_io.^.
~ime1425_5123342339404,9i358,322612 , 924~.0934i0~ ( 5S31G3, i91277,GOC2
,62, 4001214,1001247,500 [a] ~~ wt% so'_ut~ons at 1~C .n pro~yiene
carbonate. Gela~ion ~i:ne .s .n seconds. 20 EVALUATION OF FILM GLOSS AND
CLARITY 6 September 2002 Some o~ ti:e ^on-Belied solutions from one
scluLicn proper~y tests were used to make films - 32    WO 98/38Z.12 6
September 2002 W}'l~s.Il W~2'_ ~_SCeC LO= ~'~OSS ar:^ C_ar;'~.% . T~"1~
~l_1","~s were cast en a ene' = cpac i tv cha= t a ' ::a~ L ~a FO m 2A s~ a
7 me;.er d=aw dcwn appiicatc= ha~.ing a 250 micrometer gap. The cast =films
were CYied fio= t::re= days at room temperature. Film gloss was deter^~~^ea
S .:sing a HunterLab Progloss PG-2 :.loss meter , and t:~e results are
showy. in Table III. Film haze was measured by determining the whiteness
index iCIELA3 L* va 1 ue) cf t^e film on the blac~: aort_o.^, of t:-~e
opacity chart using a c:unterLab Labscan 1C cclorirneter, and the results
are shown in Table IV. ~~ims from copolymer 2 showed h'_gher gloss from a
wider urge ef solvents than films from copolymer 12. 'Ihe haze in films
from 2 and 12 was generally si~n=lar, but noticeably less haze was observed
in :5 =i'_ms from 2 in several instances. The results, taken toget^er, show
that VDF/HFP copolymer ef the cresent =nventicn demonstrates an ~acreased
ut'_litv Tcr high-gloss, high-transparency film app;ications. - 33    WO
98I38242 TABLE III GLOSS OF CAST FILMS P~iwmer c~r.~=e_^.~=a"on a d soiven=
(a'. .0 i 20 ~~% ;n MEK 10 a .r. ~?P:: ~0% .n CFO 10% i^ EtOAc 10% in
r.-PrOAc 10o in i-PrOAc 10'a m DMC ~0% m 81 end 2 Gloss, ~0 degree ; 60
degree 



Example 2 Er:ampie 33.6i 69.031.3,6B.73l.4/ 68.9y.3%18.70.7
/16.9~.0,:.7.729.4! 66.629.4/6B.031.9/ 70.1i6.0/=7.031.6/
69.415.4/56.335.4/ 7Q.630.1/68.634.6/ 71.20.1/2.4 6 September 2002 (a'
Fo=ymer concentration and solven~ indicates the wt% and solven: the films
were cast from. MEK is methyl et::yl ketone, hlPK ~s methyl propyl ketone,
CPO is cyclopentanone, EtOAc is ethyl acetate, n-PrOAc is n-propyl acetate,
i-PrOAc is ~soprooyl'acetate, DMC is dimethyl carbonate, Blend 2 is
composed of~35.4 parts methyl isobutyl ketone) 29.8 parts c~rclohexanone,
and 30 parts DMC by weight. - 34    ' WU 98I382: TABLE IV CLARITY OF CAST
FILMS 6 September 2002 2cl.,~merC=arity) CyELAB ~y [b;c~r.ce::~_-atior.
1and solvent (a.Example 0Exa;np_e 11000 ~r. MEK6.590.0~'_ 0 % ;._ MPK6 .
19'~.~ . -~ a1 0% ~_. CPO15 . 19_S . 5610% in EtOAc7.385.8-i1C~l00 In
n-PT'OAC5.0'4'~.3i10% ~r. =-PrOAc5.6.;.',910 0 ._. DMC6 . 215 . ' 320% ~a
3lend 25.361%.85'S[a' Po'_ymer concentration and solven= indicatesthe wt%
an3solvent the films werecast from. MEK ~s methyle~'.^.;~~ ke~one,PfPP: is
metY:yl propyl ketone) CPO .s cyclopentanone, EtOA~ .sethyl acetate,
n-PrOAcis n-propyi acetate, i-PrOAc .s2~isopropyl acetate, DMC~s dimethyi
carbcaate, Bend ~ is=Imposed o= 35.4 partsmethyl isobutyl icetone) 29.8
partsc;~clohexazene, and 30 parts DMC by weigh .'[b) Gu=de to haze:L* < %no
haze< L* < 9very si~~h:. haz=_9 < L* < 11slight naze.1 < L* < i5moderate
haze15 < L*severs haze - 3~    WO 98I38242 6 September 2002 EVALUATION OF
TFiE THERMAL aROPERTIES OF '!'frF E~a~,ES ^_ he =ir.a; mel ring po'.^.~ ~s
an lmp~r~a.^._ parameter in the use and process=ng of se;nicrystall~.re
polymers. It ;s snow:. that t:~e fir~a_ melting point ef VIF/HFP copolymers
~s relatec to the HFP ccnter.t in tre ccpo_vrr.ers. The relation between
HFP content and final melting point ef the V'~F/:~iFP copolymer examples
~.s st-:own in Figure 1. The copolymers of the present ~.nventicn and the
copolymers prepared accord=ng tc the prior art svr_thesis which details are
available can be seen to a'_1 en dif=erent melting point c~,~rves,
indicating that they are different materials, with the prior art copolymers
having a higher melti.^.g point at a given HFP ccr~tent. The lower melting
point property '_5 ~= the copo'~ymers of the present invent=on can allow
_ower processing temperatures than for the prior art syn;.hesis copolymers.
EVALU TION OF EXTRACTABLES IN DIMETHYL CARBONA~'E General Procedure C 1g of
polymer and 9g of d~methyl carbonate were placed in a closed 25 ml
container. Tre co nteis of the container were continually agitated by
appropriate means while ma=ntaining the desired temperature by appropriate
means for 24 hours. The 25 er_tire contents of the cor.~ainer were then
transferred to a centrifuge tube and centrifuged to separate undissolved
polymer. The lia~.:id phase was transferred tc a suitable Cared container
and the solvent evaporated. The residue in the container - 36    WO
98I38242 5 6 September 2002 was we_~g~:ed a::: r~pwrteci as perce-:t by
weight ~?iCLraCta~_eS. '.'he amo~:n;. of polymer e:cLracted into dimethyi
CarJC:iat2 a~ 4v~ WaS meaSLl=ed. Z'f:e C3ta 1S S_iOW:'! _:~'~abie V.
Copolymers prepared according tc synthetic methods in the prior art for
which detai_s are available are labeled "!v"~. Copolymers p=eparec
acccrding tc the methods described for the present _::ven~io:~ are labeled
"U" . - 37    WU 98r382.2 6 September 2002 TABLE V Effect cf rF? Co.^.tent,
M01c::lar :~u;:W e_ and L'r.lfor^~~i=y o. Composit'_cnal distribution cn
ao_ymer, ssol ~.:tion i.^. DMC 10 



15 Sample Lot #HFP (mole)MwMnExtractable (40C)
DMCCompositionK28014.5460G001450002.0aMK28014.54950001570001C.5%N95212.1427
000.0'70003.1I%n95273.647300015CCG014.300N95292.84170001480009.29oN883.6375
00013B0004.C409C2.34830001880000.23oU942.46760002400000.41%L'95(Jxl)2.44090
00159000G.28%U982,435100G1440C01.1I%U=GO(FxS),1.5523G00194000C.41%U1043.143
30001570001.61%U A cursory examination shows that all N samples :.aye
higher levels of polymer extraccted ir.tc 2G dimethy= carbonate. Figure 2
shows a plot o. ~ha extractables as a function of HFP content (TOle%). Two
distinct curves are outl=ned fer the two classes of materials. The upper
curve (N samples) shows significantly higher levels of ex~ractables for a
2~ given level of HFP compared to the U curve. Measured slopes for these
carves are 3% extractables/mo'_e o HFP ro= the N polymers and 1.70
ext=actablesjmol=_ % HFP fc= the U polymers. - 38    wo 98~38~4~ 6
September 2002 Tl'?c ODSerVe~ anQ ca_c'.llaC_d ~ C.'-:~rc~LaylcS u-~der
bcth the si.^.gie and dual f::nct~c::al r~cde~ are T s ow:: fcr ti:e N
polymers in TaSie 'vI a..^.d _cY t:~e L colwners ire Table VI T_ . Table VI
~c;r,pariso^ of w~ . % Extractables o. N woiy~rer as a L~.:nctio:: oi~FP
content or HFP content and Mr. o Extractable (meas)% Extractable (talc
model 1)o Extractable (talc model
2)12.0%12.6013.4%10.5%12.6s10.1%3.11%5.7%3.2%14.30%10.0%
~10.5%9.29%7.7%9.70 (Model 1)Wt % Ex~ractable = 2.9 (HFP mole%) - 0.4 =~
(Model ~)'vJt % Extractable = 96.4 + 1.7lHFP mole o) 0.00029(Mn). - 39
WO 9813824 6 September 2002 Table VII ~^rrpamsc.^. of Wt . o Extractab_es
of Li pc_ymer as a ..;~::cticr.. c= uFF content of ~: P co.^.te.^.t cf M:~
Extractable (meae)~ Extractable (talc model 1)o Extractable (talc model
2)5i.04%2.9o3.1%G.23%C.71%0.750C.41%0.88%0.480C.28%0.88%i.l%=.=1%G.8801.201
00.41%-G.650-0.50%_.61%2.1%2.2s (Model 1) % Extractable = 1.7(HFP mole%) -
3.2 (Model 2; % Extractable = -1.2 - 1.5(HFP mole%) - B x i0-6(Mn). ~n tre
specificaticn and the attached claims, IS ~he expression. "having weight
percent extractables wit:~i :. 1~. 5 0 of the percent by weight
extractabies calculated by an equation selected from the group consisting
of: a) Wt% Extractable = 1.7(HFP mole%) - 3.2, and ::C b) Wt% E:c~ractable
= -1.2 + 1.5 (H=P mole%) - 9 x 10-6 (Mr.) means that the measured value cf
weight percen~ extractables i.n dimet~:vlcarbonate at 4CC must be within
1.5 absolute percentage points from the ~x.~ractable value calculated for
the particular 25 polymer by e'_ther equation. That is, if the calculated
value of extractables by either equation 1 or 2 is 3.0 and rh_ OL7served
value is between 1.5 and 4.5% it falls 



- 40    wo q8~382a2 6 September 2002 w~t hln v.^._ ~.^.._^.C~ .:.^.V2~r'3g~
L'a~':. S1.TW~arly the observes va=ue is B.Oo _~ wi'~ be wi~'^. r a ,.. i
r. ~ h _:t=_r.d~d c~veraga __ the calculated value =rim either equatic^
ranges from 6.5% to 9. So. ~n the above described proceedure for 5 det~r;
,ti.^.irg ext=actables ir. dime~hyl carbo::ate, t cer.tri`ugation fo= hirty
minutes at ?500 rpm at ambient temperature was employed to separate the sol
ut i or. from t~-:e i.^.soluble ;utter and drying at 50 deg. C fo= 70 hours
urde~ mechar:ical pump vac~.:um 10 was used to determine the weight of
solids in the seca;ated solution. - 41    6 September 2002 The subject
matter which applicants re~`ard as their invention is particularly pointed
out and distinctly claimed as follov~~s: l~~e claim: 1. A copolymer of
vinylidene fluoride and hexafluorpropylene containin; a ' ~ maximum of
about 24 weight percent hexafluoropropylene, having solutions of improved
clarity and fluidity; for the copolymers having up to about 8 wei?ht
percent nominal HFP content, having weight percent extractables within plus
or minus 1.~ro of the percent by weight extractables calculated by an
equation selected from the group consisting 10 of: a) W't. % Extractables =
1.7 (HFP mole %) - 3.2, and b) Wt.% Extractables = -I.2 + 1.5 (HFP mole %)
- 8x10'6(Mn); and for the copolymers having greater than about 8 weight
percent nominal HFP content, having a DSC melting point at least 2.~C lower
than 1 ~ copolymers of the same nominal weight percent HFP content prepared
by synthetic methods for which the prior art provides details, HFP content
being determined according to l~Tethod A as hereinbefore described. 2. A
solution of a copolymer as defined in claim 1 in a solvent having improved
solution clarity and fluidity. 20 3. A copolymer as deemed 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. A copolymer as defined in claim 1 having from about 3 to about 6
weight 2 ~ percent HFP content. 6. A copolymer of vinylidene fluoride and
-42   6 September 2002 hexafluoropropylene by the emulsion polymerization
of vinylidene fluoride and hexafluoropropylene in a stirred aqueous
reaction medium comprising: (a) charging to a reactor: vinylidene fluoride
5 and hexafluoropropylene in a first effective ratio, water, a water
soluble surfactant capable of emulsifying both the initiator and the
reaction mass during polymerization and an initiator to start
polymerization; 10 (b) feeding additional vinylidene fluoride and
hexafluoropropylene in a second effective ratio to maintain reaction
pressure until the desired reactor fill is obtained; and (c) obtaining
vinylidene fluoride is hexafluoropropylene copolymer. 7. A process as
defined in claim 6 wherein chain 



trar~sfer 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 - 43    ! 4 to the comonomer
ratio desired in the final vinylidene fluoride-hexafluoropropylene polymer
product. 11. A vinylidene fluoride hexafluoropropylene 6 September 2002 . 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 l0
percent extractables calculated by either equation a) or b) defined in
claim 1. _ a4 _ .A.A0.A.A.A.AH@.AY.A.A5 .Ayl9.Ar.A.A(.Ar.A.A&R.A.A
f.A[,_.A,.A.A@.AE.A.ALA.3L(.AAr.A.Y.A,l.Ay.A.A.A(%.A.A.AlL.AN.AS@.A.AlhF.A3
.A(,.AU.Al?"+1MBo"+=R   `~ytoje`Y
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]c:a]ca]ca]ca]ca]c
^a]ca]ca]ca]c^a]ca]cRa]caU]ca .C O `
b'29<@{vpke`ZU]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]c^a]ca]c^a]ca]ca]c^a]ca]ca
]caV]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]ca @CHLM#%UV
6@Qzuoje`ZUke`ZU]ca]c^a]ca]ca]caU]ca]ca]caU]ca
U]c^aU]ca]caU]ca]caU]ca]ca]c^a]ca]c^a]ca]caU]ca]ca]c^a]caU]ca]ca]c^a]ca]caU
]caQ B`JMU[_|wrmgb\Wke`ZU]]caU]ca]caU]ca]ca]ca]caV]ca
UV]ca]ca]caU]ca]caU]ca]caU]c a]c aU]c a]c 



aU]c a]c aU]c a]c aU]c a]ca]ca]ca]ca]c^a]ca]ca#f | ~       !!
!(!!!!!"""~ysnhb]Xke`ZU]]]ca]caU]ca]c^a]caU]ca]ca]caU]ca]caU]ca]caU]ca]ca]c
a]caU]c a]c
a]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]c^a]ca]ca""<#V#$$%$W$a$$,%E%%%%&P&_&n&p
&&&&&6'A'D'b'c't''''"(zuoid^YT]ca]ca]c^a]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca
]c^a]caU]c a]ca]ca]ca]c^a]ca]ca]ca]caU]ca]ca]c^a]ca U]c^a]ca]c^a
"(Z((((((((())*B*D*u***++,,,---W-`-:.@.V..^/~ysnhc^Y]ca]ca]ca]caV]ca]caV]ca
]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]c
a]ca]ca
^///0181?1F1H1Z1'2T2M3333333444n444Y5[5f5555666"7}xrmhc]X]ca]ca]c^a]ca]ca]c
aU]ca]ca]ca]c^a]ca]ca]ca]ca]c^a]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca
]ca]ca]c^a]ca "7S7U7Z77777I8J89s9|99999999/:1:::m:o:{::::::;
}xsmhb[Umhc]X]U]ca U]c^aU]ca]ca]c^a]ca]ca]c^a]ca]ca]c^a]caU]c a]c aU]c a
U]c ^aU]c a]ca]ca]ca]ca]ca]c^a]ca]ca]c^a]ca]ca]ca]c^a]ca;
;;;;'=(=@==>>>??@8@9@C@F@@@@@AAA@AAARASAAAA{vpke`[V]U]ca]ca]ca]c^a]ca]c^a]c
a]c^a]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]c^a]ca]ca]ca]ca]c^a]caU]c
a]c aU]c a]ca AAAAAABHBBBBC=C>C@CCCCDEEEEEE6F@F_FFFFG
G{vqlfa\V]UU]ca]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]c^a]ca
U]c^a]ca]ca]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]ca]ca]ca  GGGHHH
HHH!HHHIIIIVKWKKKLL
M%M4MEM\M]MnMsM\NWOzupje_ZUlfa\V]]ca]caU]ca]ca]c^a]ca]ca]ca]ca]ca]c^a]ca]ca
]ca]c^a]ca]c^a]ca]c^a]caU]ca]ca]caU]caV]ca UV]caV]ca
UV]ca]ca]c^a]caWOQWRRYScSrSSSSSSSSSSSSSS*TT<UpUVVV&W'WW%XVXXX}wrlgb]W]]]c^a
]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]c aU]c a]c
a]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca
XXX*YcYYYYZZ:ZgZZZZZ0[k[~[[[[[[*\D]F]y]z]]'^\^^/_}xrmhc^Y]]]]ca]ca]ca]ca]ca
]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]caV]ca
]ca]ca]ca]ca
/_g___`s`````qabbbbdefffffgggqh|hhhhhhhztoid^Y]]]]caU]ca]caU]ca]caU]ca]ca]c
a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a hiidjejj$kTkUklllm:m;m}mmmmmjnnn?oAoooo
pEpqUqrqq|wrmhc^Y]]]]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]c^a]ca]c
a]c^a]ca]ca]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]c^a]ca q r7rerrrrs
ssSssstZtttu^uaumuuvv&wwwxpxx!y-y5yRy{vqlgb]X]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca!
RyTyfyjyvyxyyyyyyyyyyyyyyyyzz={D|eo|wrmhc^YT{vqlgb]]ca]ca]ca]ca]ca]ca]ca]ca
]ca]c^a]ca]ca]c^a]caU]ca]ca]c^a U]c^a]ca]c^a]caU]ca]caU]ca]caU]ca]caU]ca]ca
UV]caUV]c^aAk{vqlgb]Wlgb]]cV]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]c^a
]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]c^a]ca]c^a]ca]c^a
3hiC@,.KMbdhln>?GHzuojd_ZUlgb]]]ca]ca]ca]c^a]ca]c^a]ca]c^a]ca]ca]ca]ca]c^a]
ca]c^a]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca U]c^a]ca]ca]ca]c^a]ca]ca
35<P!+3IJQ}xrmgb\Wjd_ZUlgb]]]]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU
]ca]caU]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]c^a]c aU]c a]ca]ca]c^a]cay7hPq
$/zunha\Vjd_ZUlgb]]]]c^a]ca U]c^a]c^a
U]c^a]ca]ca]ca]ca]ca]ca]ca]c^a]ca]caU]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]
ca]caU]ca]caU]ca/\^`%qZ[:DO`ghjq|vqkd^YSlg]c^a]caU]ca
U]c^aU]ca]caV]ca]ca]c^aV]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]c^a]ca]ca]ca
]ca]ca]ca]ca]c^a]ca]ca +/EJVZj "-fmqr~xsmhb]Vkd^YSlg]c
U]c^a]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]ca]ca]c^a]ca]ca]c^a]caU]ca]ca]c
a]c^a]caU]ca]caU]ca]caU]ca]ca]carzfk%*MR',KU{upje_ZTkd^YSlg]U]ca]caU]ca]caU
]ca]caV]ca]caU]ca]caV]ca]caU]ca]caV]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]c
aU]ca]caU]ca]caU]ca$)nw%/ghm*PRSUWklq ^~xrmg`[Vkd^YSlg]U]]ca]ca 



U]c^aU]ca]ca]c^aU]ca]ca]c^a]ca]ca]ca]ca]caV]ca]ca]ca]ca]c^a]ca
U]c^a]c^a]ca]ca]caV]ca]caU]ca]caU]ca]ca^a_:@A
#Aknpszuoje`[Ulg]UV]ca]ca]ca]ca]ca]c^a]ca]ca]c^a]ca]caU]ca]ca]ca]ca]c^a]ca]
c^a]ca]ca]c^a]ca]ca]caU]ca]ca]ca]c^a]ca]ca]c^a]ca
'+des}./Ycozuoje`[Ulg]U]c^a]ca]ca]ca]ca]c^a]ca]c^a]ca]c^a]ca]caU]ca]ca]ca]c
a]ca]ca]ca]ca]c^a]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca
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