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New and novel copolymers of vinylidene fluoride and hexafluoropropylene containing up to about 24 % by weight hexafluoropropylene
having improved solution clarity and fluidity, longer gel times and lower extractables than prior art vinylidene fluoride~hexafluoropropylene
copolymers of comparatile HFP content whose syntheses are disclosed in sufficient detail to duplicate, to novel compositions of matter and

preparation and use of the copolymers, of the compositions of matter
ning such copolymers are disclosed.
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chem cal resistance and inertness toward degradation. They may be found in
applications such as chemcally resistant piping, gasketing, plenum cable

j acket:ing, ¥WO98/3824% i | tration and extracti on menbranes anBCH/¥Sop/pA872
construction of Fithiumbatteries. The present invention provides VDF/ HFP
copol ynmers containing up to about 24 weight % (12 nol e% HFP havi ng anong
ot her inproved properties, substantially 10 i nproved solution clarity,
| onger gel tines and reduced extractables as these terns are defined
hereinafter. The process used to nake the instant copolynmers requires one
ratio of VDF and HFP for the initial fill 15 of the reactor, and a
different ratio of VDF and HFP during a subsequent continuous feed of the

monomers. Any parti cul &°PQe¥YFRY OF YL NPl PENE EOHPRAPE AR he copol yrer
product has correspondi NgERSLUOBOPREPYLENG HAVING |REINEEBUbsequent feed

rati os. The uni f OEXIFRRCTABLE) CONTENT oAdjib JIMPROMED p3p&aITed ChARITAy provi de
uni que and useful properties in conparison to VDF/ HFP copol yners descri bed
in the prior art. DI SCLOSURE OF PRIOR ART Rexford in U S. Pat. No.

3,051, 677 described 25 VDF/ HFP copol ynmers of HFP content 30 to 70 wt %

(15 to 50 nol % Mhl@Q1§Qﬁ%ﬁchﬁi$ﬂtdaaaﬁse£ﬁ§tggﬂgf§t $e nmake the copol yners,
a batch process with certain initial

provisional application serial number 60/038,346 filed
Feb. 28, 1997.

BACKGROUND OF THE INVENTION

This invention relates to compositions of matter
classified in the art of chemistry as fluoropolymers,
more specifically as copolymers of vinylidene fluoride
(VDF), more specifically as copolymers of vinylidene
fluoride and hexafluoropropylene (HFP), still mcre
specifically as copolymers of VDF and HFP having
reduced extractable content, longer gel times and
improved solution clarity, to novel compositions of
matter and articles of manufacture containing such
copolymers, as well as to processes for the
preparation and use of the copolymers, of compositions
of matter containing such copolymers and of the

articles of manufacture containing such copolymers.



rati os of VDF and HFP, and a continuous process with fixed ratios of VDF
and HFP t hroughout the process -2- wer e descri bed. The processes

descri bed WR¥ES¥2ch that pol yners |acking the inproved BeVARSO#H| arity,
| onger gel tinmes and | ow extractables of the present invention were nade.
Lo in US. Pat. No. 3,178,399 described VDF/ HFP 5 copol yners of HFP

content of 2 10 Zopiied Ldeilmel® 2be \w])qhkﬁaw%@ Jiidegal val ue for
e h (

t he product of the tensile strengt psi g) and percent reversible
el ongati on offoat thehsttHs P 18601ic fetprtteringcpsspewtiescertain initi al

rati os of VDF_ and HFP, or, 10 alternatelﬁ, a.s nic%%éhhuous process
with fixed r&feBsCd {ﬁiiﬁﬁﬁ?cﬁFﬁn?h+?ﬁﬁﬁﬂﬁi?'F wapt feadréienused to make
the copol ynmerge, They POCERSERS idi appPi@d \WRIe stbkNad haleniCRAhyMer s | acki ng
t he i nproved SOVUtIOﬂ clarity, longer gel times and | ow extractabl es of the

15 _pr esenesiiavent i RFP insholbpAeSinger @ Leays. caBlyijadketdng.in Pol ymer
o ethr, o WA AASHR ke R cirg it el
di ffracti on expetraenien dhdithium batteries.

The present invention provides VDF/HFP copolymers
containing up to about 24 weight % (12 mole%) HFP
having among other improved properties, substantially

10 improved solution clarity, longer gel times and
reduced extractables as these terms are defined
hereinafter.

The process used to make the instant copolymers
requires one ratio of VDF and HFP for the initial £fill

15 of the reactor, and a different ratio of VDF and HFP
during a subsequent continuous feed of the monomers.
Any particular desired average HFP content in the
copolymer product has corresponding particular initial
fill and subsequent feed ratios. The uniformity of

20 compositions prepared this way provide unique and
useful properties in comparison to VDF/HFP copolymers
described in the prior art.

DISCLOSURE OF PRIOR ART
Rexford in U.S. Pat. No. 3,051,677 described

25 VDF/HFP copolymers of HFP content 30 to 70 wt% (15 to
50 mol%) which showed utility as elastomers. To make
the copolymers, a batch process with certain initial
ratios of VDF and HFP, and a continuous process with

fixed ratios of VDF and HFP throughout the process



20 copolynmers of up to 31 w% (up to 16 nol% HFP were made in a batch
enul si on process which was carried only to | ow conversion. Wile the | ow
conver:si on Wa¥PP2fr ocess i s capabl e of produci ng copol ynBEEU$SMOTRy sol uti on
clarity and | ow extractables, no such 25 properties are described, It
I ssnot a practical process for industrial use because of the | ow

conversions reguiseghdG-imrke the PBeekkals. addaddit hor. N pdetail ed
pol ymeri zati on exanples were offered. -3- Bonardelli et al.- in Polynmner,

vol . 27, 905-968a¥ kmlemea8c}ackinti ddet hopybead solahspri okartigyper at ures of

VDF/ HFP copol yrer s_havi.ng .HEP cont.ent up_to W . % (up to 41 nol% . The

gl ass transiti gﬁn‘ﬁ%ﬂrﬁﬁla%}}“(%g ?/\%?&Ogore gf%‘r%ag’-%'teg f’éeg}a‘%(ﬁrzﬁslenﬁFP content in
the 5 copehys®tson wWetremakédlg t he copol yners for analysis, a

sem conti nuous enul si on process was used which enpl oyed different VDF/ HFP

ratios for the inithli® 4-£-oP2thdi3-edet & BRI desFrihed SUBYEFBent
of Teactivity FaPrSeTs ont MT e VT FR Tt b Tor heri B Al fi1T. Mo
det ai | ed pol ymewilzhatwioirhesappedsa wemerical value for the product
of the temnsile strength (psig) and percent reversible
elongation of at least 1,000,000. A batch process
with certain initial ratios of VDF and HFP, or,

10 alternately, a semicontinuous process with fixed
ratics of VDF and HFP throughout the process were used
to make the copolymers. The processes discussed were
such that copolymers lacking the improved solution
clarity, longer gel times and low extractables of the

15 present invention copolymers were made.

Moggi, et al. in Polymer Bulletin 7, 115-122
{1982) analyzed the microstructure and crystal
structure of VDF/HFP copolymers by nuclear magnetic
regonance and x-ray diffraction experiments. The

20 copolymers of up to 31 wt% (up to 16 mol%) HFP were
made in a batch emulsion process which was carried
only to low conversion. While the low conversion
batch process is capable of producing copolymers
having solution clarity and low extractables, no such

25 properties are described. It 1is not a practical
process for industrial use because of the low
conversions required to make the materials. In
addition, no detailed polymerization examples were

offered.



of fered, and no nention of copolynmers having solution clarity, gel tines
and | ow extractabl es conparable to that of the copol yners of the present
i nvent i on W@&28/385i2 made. Pianca et al. in Polynmer, vBET/USH8/040724- 230
(Feb. 1987) exafi ned the m crostructure of VDF/ HFP copol ymers by nucl ear
magneti c resonance, and the mcrostructure determ nations were used to

explain the 20  pok@RE1E Ne@lASS itf BBSLHEPN JENPOHAL YpESeed the
copol ynmers. The synthesis of the copolyners I nvolved a sem continuous
enul si on procédsmanhiiodlh) ustddikd ftdree ol a¥BFt HRIE Ftiidro s efiperatierdsi tial fill

of the reactor t he subs nt,. contl nuouys feed of nongers. No 25
detail ed synt%%yb%/ﬁgnﬁ%gf errgsq%r%gépgeg%#a%?fﬁ%netr &P\,\gg %% i <cussi on of
copol yners haviggd npr awed) Sol THd @jlagkatraysid igaengelatis®s and | ow
extractabl es -as provided by the copol yners of the present invention. -4-
Abus| ene et avers rf:q;l}”,e_lapgétwti_ NETab50HBR coteqtodBdtBR emul sion

process; 10 Mk, PQIWIR S 2R0nSORY WHR" 8oBb1{hdid ifat ggagg},gé'nsa optionally
wi th one or nore non-fluorinated ol efins. e process relied ‘
semicontinuous emulsion process was used which
employed different VDF/HFP ratios for the initial f£ill
of the reactor and for the subsequent continuous feed
of monomers. Although reference was made to the use
10 of reactivity ratios to set the VDF/HFP ratio for the
initial £il11, no detailed polymerization examples were
offered, and no mention of copolymers having solution
clarity, gel times and low extractables comparable to
that of the copolymers of the present invention was
15 made.
Pianca et al. in Polymer, vol. 28, 224-230 (Feb.
1987) examined the microstructure of VDF/HFP
copolymers by nuclear magnetic resonance, and the
microstructure determinations were used to explain the
20 trend in glass transition temperatures of the
copolymers. The synthesis of the copolymers involved
a semicontinuous emulsion process which used different
VDF/HFP ratios for the initial f£ill of the reactor and
for the subsequent continuous feed of monomers. No
25 detailed synthesis examples were provided, and there
was no discussion of copolymers having improved
solution clarity, longer gel times and low
extractables as provided by the copolymers of the

present invention.



on photochem cal initiation of polynerization so that 5 | ower
t enperatures and pressures could be used than those used for thermally
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Baggett and Snith i HH:9h « AL VB Se r¥0! endMd1y evidence of

10

15

20

25

regularity ccncerned poly(vinylidene fluoride)
homopolymer, and no claims were made as to regularity
of composition. Examples of VDF/HFP copolymerization
were given, but no discussion of the solution
extraction properties of the copolymers was given, and
there was no relation made between physical properties
and the structure of the VDF/HFP copolymers.

Morgan in U.S. Pat. No. 5,543,217 disclosed
unifcrm tetrafluoroethylene/hexafluoropropylene
copolymers (TFE/HFP copoiymers) made by a
semicontinuous emulsion process. Uniformity was
simply defined as there being a low proportion of
adiacent HFP units in the polymer chains; there was no
disclosure of the disposition of TFE and HFF units
otherwise, and there was no discussion of VDF/HFP
copolymers or the properties to be expected therefrom.

U.S. Patent 2,752,331 describes the synthesis of
VDF/chlorotrifluocroethylene (CTFE) copolymers having a
high uniformity of comonomer distribution in its
molecular chains.

Baggett and Smith in High Polymers, Vol. XVIII,

AuTHl megudareEkYl ar chai ns.



- 5- Ham John Wley (1964)-, Chapter X, Copol ynerization, pp. 587 et
seq., particularly at pp. 593 and 610 describe the synthesis of uniform
conposi t.i o¥O 83824 but i on copol yners of vinylidene chl or PEBUSREH4072 ny |
chloride and of-vinyl chloride and vinyl 5 acetate. None of these
references teaches or suggests a way to obtain VDF/ HFP copol yners havi ng

sol vent sol utiqn %ﬂg: khé}?di}fdéégg} E}é%p!;@flg;e,r &%Jo%mzé%ﬁ,ow

extractabl es conparable to the V copol yners of 't he instant
i nvention or gghatssJueh peq@perdamscaleraytat bl &9Br emd VO HFP copol yners.
SUMVARY OF THE | NVENTI 51\| The .i nvention g ovi des i n.%.fi rst ctonposition
aspect a copdiSAtert f © Fn?ﬂ%‘?ﬁgelsf Iolgof’lfl SRS UAB 5 Rexaf | uor opr opyl ene

contai ni ng a Jeedwi@bnaboptdlyidraeoghi i PRI Liitle ReMathaerop opyl ene, having
solutions of inproved clarity and fluidity; for the copolymers having up to
about 8 wei ghtipegr chderadei #d AP isght Ehi/‘?r%%/iaﬁ’gl Wérght percent
ext ractsabl es %%Jy n 20 plus or mnus 1.5% of the percent by weight
extractabl es calculated by an equation selected from

None of these references teaches or suggests a

way to obtain VDF/HFP copolymers having solvent
solution clarity and fluidity, longer gel times and
low extractables comparable to the VDF/HFP copolymers
10 of the instant invention or that such properties are
attainable from VDF/HFP copolymers,
SUMMARY OF THE INVENTION
The invention provides in a first composition
aspect a copolymer of vinylidene fluoride and
15 hexafluoropropylene containing a maximum of about 24
weight percent hexafluoropropylene, having solutions
of improved clarity and fluidity; for the copolymers
having up to about 8 weight percent nominal HFP
content, having weight percent extractables within
20 plus or minus 1.5% of the percent by weight
extractables calculated by an equation selected from
- the group consisting of:

a) Wt.% Extractables = 1.7 (HFP mole%) - 3.2, and
b) We.% Extractables = -1.2 + 1.5(HFP mole%) - 8 x 107 (Mn),

25 and for the copolymers having greater than about
8 weight percent nominal HFP content, having a DSC
(differential scanning calorimetry) melting point at
least 2.5°C lower than the DSC melting point of

copolymers having the same nominal weight percent HFP



the group consisting of: a) W.% Extractables = 1. 7(HFP nole% - 3.2, and
b) W.%Extractables = -1.2 + 1.5(HFP nole% - 8 x 10[err] (M), 25

and for theP3}H2¢rers having greater than about 8 wei ghPCHEHMET2 noni nal
HFP content; havi-ng a DSC (differential scanning calorinetry) nelting point
at -least 2.5[err]C |lower than the DSC nelting point of copolynmers having

the same nom nagiemgicghlbyPREERSYs HOR which tHY @pabedaby gwmiheds for which
the prior art provides detail. The tangi bl e enbodi nents of this first

conposi ti on asPeediof the invention are straw colored to col orl ess seni

crystalline solids having mg{Ling ?b%&’ﬁ’ts e L3 ap.geterm ned by

differential scanning calorinetry | ower-"than / HFP copol yners
havi ng t he saneompssitdlonHERrger centhgeinoniteionh prepstetv plpregdesses
reported in detail jn_the prior The tangi,bl e enbodi nents

art. 10 ,
of this first E®npALLess %‘b’ec‘iry&lta}tén‘? RASACF o2 B D 48§s | onger
gel ations ti mesyfi0n sQlsubibesrdhan ¥PF4HFR ORQLY NBESalidy Ny the sane

nom nal HFP cont ent
calorimetry (DSC), lower than VDF/HFP copolymers
having the same nominal HFP percentage content
prepared by processes reported in detail in the prior
art.

10 The tangible embodiments of this first
composition aspect of the invention also possess
longer gelation times from solution than VDF/HFP
copolymers having the same nominal HFP content
prepared by processes reported in detail in the prior

15 art,

The aforementioned physical characteristics taken
together with the method of synthesis positively tend
to confirm the structure and the novelty of the
compositions sought to be patented.

2¢C The tangible embodiments of the first composition
aspect of the invention have the inherent applied use
characteristics of being suitable for paint and powder
coating vehicles and as chemically resgistant shaped
objects and films both supported and unsupported.

25 Particular mention is made of copolymers of the first
composition aspect of the present invention having
from about 2 weight% HFP content to about 8 weight%
HFP, still more particularly copolymers having about 3
to 6 weight% HFP which possess the inherent applied

30 use characteristics of being particularly suitable as



prepared by processes reported in detail in the prior 15 art. The
aforenentiqﬂgﬂ¥£€%sical characteristics taken together with the nethod of
synthesis positivély tend to confirmthe structure and therosysedety of the
conposi tions sought to be patented. 20 The tangi bl e enbodi nent s
of the first conposition aspect of the invention have the inherent applied
use characteristics of being suitable for paint and powder coating vehicles
and as chem cpblymeresi separastapethdippdghnsrande fdduredeomht siggeort ed and

unsupported. 25 Particul ar, nention_is. made of cqpolyners of the first
conposi ti on asPederHiRE pP@g"eJrﬁu 'arﬁ}é’n{li"ﬁﬂl%&?arﬁe[r%ﬁ' abb¥® 2 wei ght % HFP -

content to abgui,8 Mei gkt HEP eEdnidile GREE Padd-clilsahby £opotedEers having
about 3 to 6 wei ght % HFP whi ch possess the inherent applied 30 use

char act eri st i tstfuthakgepars| padearfinpns BVPEHIRP ppoiymers pedWing i ¢
separators YA I G-el gt [ f l.es, ticularl
p angd, Dol 4 d 9c81 B9 GO TR Cese f Or Lpgé%gggsgrztg%{ i cul arl'y

lithium batteries. artS, see for~ exanp : 318 has
reported |ithtien dgidlemees oédehd rmmasYbFiMFEhicopolhaveng AERing from 8% to

25% by weight HFP. It is understood that _
content in that range are sultable for use in such
batteries and would represent an improvement therein.
Such improved batteries are also contemplated by the
invention as equivalents.

10 Particular mention is also made of copolymers of
the first composition aspect of the invention having
from about 7 weight percent HFP content to about 15
weight percent HFP content, more particularly
copolymers having about 10 weight percent HFP content

15 which possess the inherent applied use characteristic
of being suitable as flame resistant insulation for
wire and cable.

Still further wmention is made of copolymers of
the first composition aspect of the invention having

20 greater than about 15 weight percent HFP content,
still more particularly of copolymers having about 16%
by weight or greater HFP content which have the
inherent applied use characteristic as clear,
flexible, chemically resistant films.

25 _ 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 separator and a negative
electrode wherein at least either one of the

30 electrodes comprises a vinylidene fluoride polymer




5 t he copol yners of the present invention having HFP content in that
range are suitable for use in such batteries and would represent an

i nprovenmentWe k#Bz2n. Such inproved batteries are al so cRETERIYMORI by t he
invention as equivalents. 10 Particular nmention is al so nade of
copolynmers of the first conposition aspect of the invention having from

about 7 wei ghty pengenh &FRGALeB! ndARAULohbi Nl HHerRtERNSr HFP cont ent,
nore particul arﬁ y Copol yners having about 10 wei ght_ percent HFP content 15

whi ch possess dai€ mbherker sgpairpbdr LsaRIigescieYitlidede being suitable as
flame resistant. insulation for wi.re and-c S her mention is
made of copol §1§F P’ﬁgw?ei‘rs v(l:r(%%'p%%i%]ie%lrgggé}ég%tnuotfer#hg i nvention havi ng
20 gr eat efot @R dabpet e Wlix Wehghé i P edire HnpHbFemont entrprssed | nor e
particularly of copolynmers havi ng about 16% by V\gritg,ht .or greater HFP
content which thee @odnEinyvhktenn LAPpridRl RY™ERaFrRI e SEi ¢ as cl ear,

f1exibl g chen;ézsaérltxaﬁ?i (?f apt, ;hih MBenegd The invention provides

in a second conposition of mattef aspect, an inproved article of

manuf act ur e cofprdisidegharalwotopoobehenalcopelymemvanef ipedi thve el ectrode,

an absorber separator and a negative el ectﬁr %g‘e wh retiirgmat | east either one
[

of the 30 the JdtP6dES™R P8e85BEST RA i*dng”

T
ene uor1 de pol yner
Special mention is made of embodiments of the

second composition of the invention wherein the

10 VDF/HFP copolymer has a hexafluoropropylene content of
from about 2 weight % hexafluoropropylene to about 8
weight % particularly those having from about 3 weight

% to about 6 weight % hexofluoropropylene, still more
particularly, those having about 3 weight %
15 hexafluoropropylene.

The electrochemical cells of which the second
composition of matter aspect of this invention is an
improvement are described in PCT Application WO
95/06332, European Patent Application 95 120 660.56-

20 1215, published as number 730,316 Al on September 4,
1996 and U.S. Patent 5,296,318. The disclosures of
the PCT application, the European application and the
U.S. Patent are hereby incorporated by reference. In
addition to use of solution casting techniques for

25 preparation of films for use in battery constructions

ag described in the aforementioned references, use of

extrusion techniques to prepare such films and the

- 9 -



having an el ectrolyte material conbined therewith or said absorber

separ at or n@g&é@(is a vinylidene fluoride polyner having an el ectrol yte
materi‘al ‘cofbi ned 1 herewith wherein the inprovenent conprﬂcqﬁggg@@m

pol yvi nyl i dene fTlruoride pol ymer consisting 5 essentially of a

vi nyl i dene fl uori de/ hexafl uoropropyl ene copol yner as defined in the first
conposition aspect of the invention. Special nention is made of enbodi nents
of the secondbaohpnied | Brbrdicathd thexsfiran ankeabsm ¢drecehplated. VDF/ HFP

copol ymer has a hexaf| uor apropyl ene conten f _from about .2 wei ght %
hexaf | uor opr opyl en@ttlbasat?glﬁo ggﬁﬁi BRte A)KS‘E&t géﬁF%’F’r?{s tf%g’é”écﬁﬁﬁing from
about 3 wei ghte- %t ghabsuir Greicepbl Madex @l HaEOpFromtEneventibh NOre

particularly, those having about 3 weight % 15 hexaf | uor opr opyl ene.
The el ect r ochéaveabetedy saifesipnchl t e Redomareowporstdlddcof matter aspect

R R P e i T
as nunber 730tRi6 BitoeriSeptfebireraded 19%m PNOFLHEP fRfdcdYmers296, 318. The
disclosures of the PelnfPR! h23tlan. . e FUoRean applisatgnyand the

prior art processes described in sufficient detail for

reproduction. It has also been observed that PVDF-HFP

copolymers of the present invention provide batteries

10 having improved electrical properties including the
capability of higher discharge rates than batteries

. fabricated from PVDF-HFP copolymers of having similar
percentage HFP content synthesized by processes |
described in the prior art in sufficient detail for

15 reproduction.

The invention provides in a third composition
agspect, a solution of a composition of the first
composition aspect of the invention having improved
solution clarity and fluidity.

20 Copolymers of vinylidene fluoride and
hexafluoropropylene of up to about 24 wt%
hexafluoropropylene are useful semicrystalline
thermoplastics. As the HFP content increases in the
materials, the crystallinity decreases, and,

25 correspondingly, the flexibility and solvent
sensitivity increase. Other properties change as
well, such as the final melting point, which decreases
with increasing HFP content. In high-purity

applications such as membrane filtration or

- 10 -



U S. Patent are hereby incorporated by reference. In addition to use of

solution castin technl ques for 25 preparation of filnms for use in
bat t ery con¥PP¥eR42o0ns as described in the af orenenti onedP¢e¥BPMIBes, use of
extrusion technt ques to prepare such filns and the -9- batteries

fabricated therefromare also contenplated. It has al so been noted that
batteries fabricated fromthe PVDF:HFP copol yners of the present invention
have better adeetiasttion. t héthblyhatsery ﬁ@t%nm%lpmthmiy of el ectrodes and

hi gher use tenpgr at |arﬁeel%§§ £ilm é%&p ;f&]ta%‘le asftqQH C%em W m PVDF- HFP

copol ynmers having percen con ent by prior art
processes descetbeshd mrsiutkanssmntt d@qautlifx@rldvepbﬁdminm It has al so been

observed that PVDF-HFP cqpol yners .of the present invention provide
batteries 10 leveldwiltg?F ‘F%Vé%)l@ &Ct P?‘é“élm%ﬁé?f‘l‘@s‘:}i ASPudi ng t he

capability of hLgber JH %‘%‘E%Qé‘aﬁ?&sﬁs 108D hadit eipsc {@brifated from
PVDF- HFP copol yners of having simlar percentage HFP content synthesized by

processes descprbeende afhgopreny, amnd gnoémlamte'nt Tee VDF/HEP 15

reproduction. The | ment o0, PaY 1SS Lhof LI SRIROSLIIY

improved solution properties, improved clarity and
fluidity, and lower melting points in comparison to
the nonuniform VDF/HFP copolymers of otherwise similar
10 HFP content and manufacture known in the prior art.
DESCRIPTION OF THE DRAWINGS

Figure 1 is a comparison of the final
differential scanning colorimeter/(DSC) melting point
of copolymers of the invention with DSC melting points

15 of prior art compounds whose synthesis is described in
detail.

Figure 2 shows the effect on HFP level on polymer
extractibles in dimethyl carbonate (DMC) at 40°C for
copolymers of the invention and copolymers of the

20 prior art whose synthesis is described in detail.

Figure 3 shows the relationship between HFP
content and log of gelation time from solution (20 wt%
in propylene carbonate) of copolymers of the present
invention and of copolymers of the prior art having

25 sufficient synthesis detail for reproduction.
DETAILED DESCRIPTION

The invention provides copolymers cf vinylidene

fluoride and hexafluoropropylene having

hexafluoropropylene content of up to about 24 wt% and

- 11 -



aspect, a solution of a conposition of the first conposition aspect of the
I nvention having inproved solution clarity and fluidity. 20

Copol -ynerév‘b?s’%??“ﬁyl i dene fluoride and hexaf | uor opr opyl eRET/B$8AH72 0 about 24
wt % hexaf |'uor opr opyl ene are useful semcrystalline thernoplastics. As the
HFP content increases in the materials, the crystallinity decreases, and,

25 COrr egngy r}@n'lﬂlp)éovéﬁeséitﬁ?‘ﬁo@ﬂ |cuh¥1€3ﬂdaz§i)|f\i%'1§il§ Nghfi vity increase.
QG her properties change as well, such as the final nelting point, which
decreases W tmduuﬁcb@sdtmgcwleﬁ)nté}h@ cpmkmgh:qo@met y‘-oappm@aﬂl}ons such as

menbrane filtra xtraction .t hi um battery construction,
hi gh- transpa'P%CE] flaln eF“rlgsﬁ%'%%l ote"‘l on%ézzig?mn LGP u 1d{:storage and

transport requhdpdigilcawaaantentdiasi p&ﬁ\t@bﬁeslrﬁay &1@63béabb@dto have
materials with low | evel s of extractables, little gel formation in the 5
presence of sbihv@htemudfdogoBel 361‘%1‘?112[33'?1°HTHE°‘¥E§F$/ BFPe@speF yier s provi ded

here show | o UII?%J %ﬁttﬂbli&%onii@i RRErS Ol & LI ARG bl fBact AN OVed

clarlty and f l'lower melting points in conparison to
capable of emulsifylng the reaction mass during

polymerization, paraffin antifoulant, vinylidene
fluoride, hexafluoropropylene, chain-transfer agent to
control copolymer molecular weight, and initiator to

10 start and maintain the polymerization. To obtain the
VDF/HFP copolymers of the present invention, the
initial charge of VDF and HFP monomers is such that
the amount of HFP is up to 48% of the combined weight
of the monomers initially charged, and then VDF and

15 HFP are fed continuously throughout the reaction such
that the amount of the HFP is up to 24% of the
combined weight of the monomers fed continuously. The
VDF/HFP ratios are different in the initial charge and
during the continuous feed, and each final polymer

20 composition has definite and related ratios for the
initial charge and continuous feed. The process uses
total amounts of VDF and HFP wmonomers such that the
amount of HFP used is up to about 24% of the combined
total weight of the monomers.

25 The reactor is a pressurized polymerization
reactor equipped with a stirrer and heat control
means. The temperature of the polymerization can vary
depending on the characteristics of the initiator

used, but it is typically between 65° and 105°C, and

~ 12 -



t he nonuni f or m VDF/ HFP copol ynmers of otherwi se simlar 10 HFP cont ent
and manufacture known in the prior art. DESCRI PTI ON OF THE DRAW NGS Fi gure
1 is a:conmparison of the final differential scanning col orineter/(DSC)

mel ting poi MC 8P pol yners of the invention with DSC melPCTA§SMITAts 15

of -prior art conpounds whose synthesis is described in detail. Figure 2
shows the effect on HFP | evel on palyner extractibles in dinmethyl carbonate
(DMC) at 40[err]C for copolynmers of the invention and copol yners of the 20
prior art whoseosynmthesnsenslyddscikbeetwaerndd6aidnd Fisgdr.e Bhahows t he

rel ati onship between HFP content .and Lo .gefation tine fromsolution (20
W % | In proIpSI e REASSAGL &5 B é&B&F?‘#re‘%%%%ﬁlgt-ﬁ%néﬁ’eé’éD:‘i’teVFﬁve?l’f‘$onualr1d 01S

copol ymers of fihdPHeOhighér hWilBge25if a higHitiGpadtuunbbesss- detail for
reproduction. Al LED DESCRI PTI ON The invention provides copolyners of
vi nyl i dene fIu%ﬁ@Rﬁ?%&Hdehe&%ﬁ#ﬁﬁ@?ob?o%ﬁﬁdeneThavVPé;H¥§kéﬁ¢meﬁopropyIene

content of up {0 ARG 24 MG a e 1 oRANIA0 L TBLONEEAOLHL LD clarity and

fluidity and reduc ext e copolyners are convenrently
5 temperature chosen for reaction. The pressure of the

polymerization is typically between 2750 and €900 kPa,
but it can be higher if the equipment permits
operation at higher pressure. The pressure is most
conveniently between 3790 and 5860 kPa.

10 Surfactants used in the polymerization are water-
scluble, halogenated surfactants, especially
fluorinated surfactants such as the ammonium,
substituted ammonium, guaternary ammonium, or alkali
metal salts of perfluorinated cr partially fluorinated

15 alkyl carboxylates, the perfluorinated or partially
fluorinated monoalkyl phosphate esters, the
perfluorinated or partially fluorinated alkyl ether or
polyether carboxylates, the perfluorinated or
partially 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 6r fluorine, M is an alkali metal, ammonium,

25 substituted ammonium (e.g., alkylamine of 1 to 4
carbon atoms), or quaternary ammonium ion, and n is an
integer from 6 to 20; sulfuric acid esters of
polyfluoroalkanols of the formula X(CF,),CH,0S03M,

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

- 13 -



made by an enul sion pol ynerization. process, but suspension-and sol ution
processes nay also be used. In an emnul sion polynerization process a reactor
is 5 + %4 ’?’ﬁéﬁ wi th deioni zed wat er, water-sol ubl e sBETHEWBAHT2 capabl e of
emul sifying the-reacti on mass during polynerization, paraffin antifoul ant,
vi nyl i dene fluoride, hexafl uoropropyl ene, chain-transfer agent to control

copol yner nol ecul ar i d, i pigi,at to 10 ) t and maintain the
pol yneri zat i o%ﬁe ‘?%r%%t%{gﬁ%‘ﬁgz{@f%ﬁms%%l V%r%lf% %far}%g Brés8fit i nventi on,
the initial chaege, of MDRmMAdtElE: DROMTSr $oi §, SHEd o hat aphe anount of HFP

is up to 48% of the conbined wei ght of the monomers initially charged, and
then VDF and iBteger fygm & &£of ead T iafudiisPetadsbiyhout the reaction such

that the amugereiué%afﬁ 1591 ¥Pnd G 24%af olDescomi f@%ﬁgﬁ{@@t of the

nononers fed continuously. The VDF/ HFP ratios are differ I'n the initial
charge and dufirng @ hes%cont i2fubvswéesd, candheatbt4l nainqrelry wet gRo

conposi tion has definite and rel at ratios for _the initial charge and
contind%us fe@ﬁ?gTh@m%f%E%s§rﬁ§%§a$i%eﬁggaﬁﬁﬁﬁﬁgtﬁﬁt\ﬁﬂgygﬁdlﬁFP nononer s
such that theragnunt1ofcdioR2gsped wsighr .t o about 24% of the conbined total

wei ght of the nononers. 25 i The reactor is a pressurized
pol yneri zati on reatedrPa@bifpednint forlandt iter epnypet innal .cendr ey neans. The

tenperature 0&055¢c£§437“§§t€§5£9@,Cﬁ?ﬁfﬁ@é&bon wax or oil may be

used. Reactor loadings of the paraffin are from 0.01%

10 to 0.3% by weight on the total monomer weight used.
After the reactor has been charged with deionized

water, surfactant, and paraffin antifoulant, the

reactor is either purged with nitrogen or evacuated to

remove oxygen. The reactor is brought to temperature,
15 and chain-transfer agent may optionally be added. The

reactor is then pressurized with a mixture of

vinylidene fluoride and hexafluoropropylene.

Chain-transfer agents which may be used are well-

known in the polymerization of fluorinated monomers.
20 Alcohols, carbonates, ketones, esters, and ethers are

oxygenated compounds which serve as chain-transfer

agents. Specific, but not limiting examples, are

isopropyl alcohol, such as described in U.S. Pat. No.

4,360,652, acetone, such as described in U.S. Pat. No.
25 3,857,827, and ethyl acetate, as described in the

Published Unexamined Application (Kokai) JP 58065711.

Other classes of compounds which serve as chain-

transfer agents in the polymerization of fluorinated

monomers are halocarbons and hydrohalocarbons such as

- 14 -



dependi ng on the characteristics of the initiator used, but it is typically
between 65[err] and 105[err]C, and - 12 - nost conveniently it is

bet ween 75[WeP8¥38ed2and 95[err] C. The tenperature is not |PCHESEYOHE t hi s
range, however,-and m ght be higher cr lower if a high-tenperature or |ow
tenperature initiator is used. The VDF/ HFP ratios used in the

pol yneri zati on e enden{%}r on.the 5 t enperature chosen for

ill be
reaction. The %ﬁ’]e%rs"(ﬁag SRSt WY FAGHEF PSRV i s typical |y between 2750 and

6900 kPa, but ithrawbfiRictoghekond, Hha BydHGIRrofetoTéSaxp@sat i on at hi gher
pressure. The pressure is nost conveniently between 3790 and 5860 kPa. 10
Surfactants usedredifiito porynet i HaitdRgapea@licsr-2r8ol ubl e, hal ogenat ed

surfactants, especiold ol UaLhiALAM SULERCE M S 3uBhqas, ke apgpni um

substituted amdni UM quaternary anmoni um or a nmetal salts of
perfluorinated w6.payddald7g, f andri nadednldro-2,2,akkyifhmtvexphates, the
perfucT) ot od o DRl L AL LS e, oDl phosplat o, epter s, the
gﬁ;bfﬁg' ates, tpe-peifldr Ratede e iRANt LAl pdrtiilonar ERadeshotltkyhesul fonat es,
reaction, or continuously as the reaction progresses.
The amount of chain-transfer agent and mode of
addition which is used depends on the activity of the
10 agent and the desired molecular weight characteristics
of the product. The amount of chain-transfer agent
used is from 0.05% to 5% by weight on the total
monomer weight used, and preferably it is from 0.1 to
2% by weight.
15 The reactor is pressurized by adding vinylidene
fluoride and hexafluoropropylene monomers in a
definite ratio (first effective ratio) such that the
hexafluoropropylene ranges up to 48% of the combined
weight of the monomers initially charged. The first
20 effective ratio used will depend on the relative
reactivity of the two wmonomers at the polymerization
temperature chosen. The reactivity of vinylidene
fluoride and hexafluoropropylene has been reported in
Bonardelli et al., Polymer, vol., 27, 905-309 (June
25 1986} . The relative reactivity is such that to obtain
a particular uniform copolymer composition, more
hexafluoropropylene has to be charged to the reactor

in the initial fill than will be incorporated into the

copolymer. At the convenient polymerization

- 15 -



20 perfluorinated or partially fluorinated al kyl sulfates. Sone
specific, but not limting exanples are the salts of the acids described in
U S. -Pat:. No. 2,559,752 of the forrmula X(CF2)nCOOM wherein X is hydrogen
or fluori MEO%AEL an alkali nmetal, ammonium 25 s uBET/D$980€M2 anmroni um
(e.g., alkylamne of 1 to 4 carbon atons), or quaternary amoni umion, and
nis an integer from6 to 20; sulfuric acid esters of polyfluoroal kanol s of

the fornula X CFZ%n 205CBM vvhgr%x and M are as above; and salts of the
acids of - 13“C™PEFREYST MIRge RS (EE R YV ERe PReCEMutWt#ieexaand M are as

above, n is apubR!eGeifudBosopPldne A Fol Be2BndYLOR, tHa@m 0 to 2, such
as i n-potassium perfluorooctyl sulfonate. The surfiactant charge is from

0.05% t 0 2% byeaprehtimrrhehdnibial Hodomsr wil gdtpesir in thsed, and nost
preferably thgof}?‘ﬁéﬁact ant charge is fromO0.1%to 0.2% by weight. The
paraffin antitoufant is conventional , and any | ong-chain, saturated,

hydrocarbon wax orTiod Iremeyibe usetbe SReackar ah@amhiingsiobatbe paraffin are
fromO0.01% 10 ,to 0.3% by weight on the total nononer wei ght used.

After the reatfditiRl FedhYchat &t tdateri keepn for the

polymerization of fluorinated monomers including
inorganic peroxides, "redox" combinations of oxidizing
and reducing agents, and organic peroxides. Examples
of typical inorganic peroxides are the ammonium or

10 alkali metal salts of persulfates, which have useful
activity in the 65°C to 105°C temperature range.
"Redox" systems can operate at even lower temperatures
and examples include combinations of oxidants such as
hydrogen peroxide, t-butyl hydroperoxide, cumene

15 hydroperoxide, 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. BAmong the organic peroxides which can

20 be used for the polymerization are the classes of
dialkyl peroxides, peroxyesters, and
peroxydicarbonates. Exemplary of dialkyl peroxides is
di-t-butyl peroxide, of peroxyesters are t-butyl
peroxypivalate and t-amyl peroxypivalate, and of

25 peroxydicarbonates are di(n-propyl) peroxydicarbonate,
diisopropyl peroxydicarbonate, di (sec-butyl)
peroxydicarbonate, and di(2-ethylhexyl)
peroxydicarbonate. The use of diisopropyl

peroxydicarbonate for vinylidene fluoride

- 16 -



wat er, surfactant, and paraffin antifoulant, the reactor is either purged
or evacuated to renove oxygen. The reactor is brought to

with nitrogen

tenperature, 15 and chai n-transfer agent nmay optional“§ be
reactor iswbhessr essurized with a mxture of vinylidenBCHY
hexaf | uor opr opyl ene.

added.

BP{9%: and

Chai n-transfer agents which may be used are well -

known in the polynerization of fluorinated nononers. 20 Al cohol s,

car bonat es, ke

ONRReriSStebsa, af b HNGher 85 £ 108y 98 PAt &chLoMpounds whi ch

serve as chain-transfer agents. Specific, but not limting exanples, are
i sopropyl al cohbhorimpdiedagorenerd Hed tanglt Sn PasS. Ret. AB60, 652, acet one,

such as descri
described in t

and hydrochl or
trichlorofl uor

10

15

20

25

acet at e,

ed,in U S__Pat. No, 25 . 3,-857,B27, and et hyl
egﬁr[;ﬁ"s‘hé‘&d%“e%a“nﬁenel& R%’ﬁ’rrf%é’tlf%lg%?ai) JP 58065711,
Q her cl asses efuspimowass fMibEedpapiiendscadfliyierkr agisfigfthagents in the
pol ymerization of fluorinated nononers are hal ocarbons and hydrohal ocarbons
such as - 14 -illughiasescarbBn3; HaFdr Jahl briffafbsns, ThthivseoPEuor ocar bons,

| . . : t. ' . . . :
S B oSO S D O L o0 oo

a din
polymerizations is described in the Published

Unexamined Application (Kokai) JP 58065711. The
quantity of an initiator required for a polymerization
is related to its activity and the temperature used
for the polymerization. The total amount of initiator
used is generally between 0.05% tc 2.5% by weight on
the total monomer weight used. Typically, sufficient
initiator is added at the beginning to start the
reaction and then additional initiator may be
optionally added to maintain the polymerization at a
convenient rate. The initiator may be added in pure
form, in solution, in suspenéion, or in emulsion,
depending upon the initiator chosen. As a particular
example, peroxydicarbonates are conveniently added in
the form of an aqueous emulsion.

4As the reaction progresses, a mixture of
vinylidene fluoride and hexafludropropylene monowmers
is fed in a definite ratio ( second effective ratio)
so as to maintain reaction pressure. The second
effective ratio used corresponds tc the monomer unit
ratio desired in the final composition of the
copolymer, and it can range up to 24% of the combined
weight of the monomers being fed continuously

throughout the reaction. The feed of vinylidene

- 17 -
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No. 4,569,978, and 1,1-dichloro-2,2,2-trifluoroethane. 5
Chai n-transfer agents nay be added all at once at the begi nning of the
reaction, 4n B&éél ons throughout the reaction, or continuously as the
reaction S)roosa- es. The anount of chain-transfer agentPEAEPBPME of
addition which is used depends on the activity of the 10 agent and the.
desired nol ecul ar wei ght characteristics of the product. The anount of
chain-transfer agent used is fromO0.05%to 5% by wei ght on the total
nmononer wei ghtuRIEte: SRH2HLHBFRIMAPYILEREs FRGRHF1PIEE1Y% by wei ght. 15
The reactor igs; O 8S3ULLECHRRY, Add G Y Q%}éﬁ@'e&? ddneani,de \?1?911 .
hexaf | uor opr opyl ene nononers in a definite ratio (first effective ratio)
such that thehdedesfinedr spropyt efid Ir dsgebtajpned. 48t of the conbi ned wei ght
of the nononers i itiallx charged.. The first 20 e{}éective rati o used
o]

will depend on t HPFPerFERHET e 147ty 8t TeHe P nd ThdnofBfs at t he

pol yneri zat | agndrmadp Healldr ere htsiinatha. r eastdctitetyeOk Wi Nyl i dene fl uori de
and hexaf | uor opropyl ene has been reported in Bonardelli et al., Polyner,
vol . &7, 905¢9PBLYiAMm&aysng opt ugsEolyhéon fkaniky pagderinimal i s such t hat

hexaf | uor opr SeyT SHe REE T 8 Be  ehar aod Fo e rararort; FBERES™e,i (1l 1111

than will betimeapdhat ednpnen fewsiscopollynie . reictidre isonertrednt

polynerlzatlgg soon as 1is practicable. Alternatively, to achieve
highest yield at the expense of solution clarity and

10 extractables, a react-out period to consume residual
monomer is used with optional continuation of
initiator feed. For react-out, the reaction
temperature and agitation are maintained for a period
of 20 to 30 minutes, but a longer pericd can be used

15 if required in order to consume monomer to the point
where the reactor pressure is no longer falling to any
significant degree. A settling period of typically 10
to 40 minutes may be used following the react-out
period. During the settling period, temperature is

20 maintained but no initiator feed is used. The reactor
is then cooled 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 is dried.

For the coagulation step, several well-known
methods can be used including freezing, the addition
of acids or salts, or mechanical shear with optional

heating. The powder, if desired, can be further
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- 15 - tenperature range of this invention, about tw ce as nuch

hexaf | uor opr opyl ene has to be charged to the reactor in the initial fill as
wi || appear Wor888i2 pol ynmer. The reaction can be started BEHUNSP4%i ned by
the 5 -additrFon of any suitable initiator known for the polynerization

of .fluorinated nononers including inorgani c peroxides, "redox" conbinations
of oxidizing and reduci ng.,agents,. and organi c peroxides. Exanples of

typical i norgani?:r?)%‘?‘s&ﬁ%déggar%e lf?é:saﬁﬁoﬁ%?ﬁ (ﬁ%nfﬁment R netal salts
of persul fates, wphd have useful activity in the 65[err]C to 105[err]C
tenperature range. "Redox" systens can operate-.at even |ower tenperatures
and exanpl es i ncl ude Boniirhaey i BRmekpdabte-heychl hystaateogla per oxi de,

t-butyl hydropergxi u y ' rsulfate, and
reductants such géét?g“ft?%eggﬁg?ﬁastﬁdt ?9 ?é%ﬁﬁ{vgﬁgg%l %sr Ecgﬁr%gké&part i cul ar
exanpl e, optionabhy tdeilr nedemt idn acti wat ots euebnasrsatiasm f or mal dehyde

sul foxyl ate or ascorbic acid. Anong the_organi c peroxides which can 20
be used fot the potYHEAZEEI 3t 41 FﬁelEIi&ﬂﬁi?t6PndF%ﬁﬁﬁﬂf'peroxides;

peroxyesters, and Melt viscosity measurements are by ASTM D3835 at
232°C and 100 s71.
Thermal properties are measured with a
Differential Scanning Calorimeter (DSC) according to
10 ASTM D3418.
HFP content was determined by 19 NMR according
to the signal assignments and method described in
Pianca et al., Polymer, vol. 28, 224-230 {(Feb. 1987).
A Unity 400 spectrometer at 376.3 MHz was used.
15 Spectra were obtained either in deuterated dimethyl
formamide at 50° C with an excitation pulse width of
8.0 microseconds and a recycle delay of 10 seconds, in
deuterated dimethyl sulfoxide at 80° C with an
excitation pulse width of 6.0 microseconds and recycle
20 delay of 5 seconds, or in deuterated acetone at 50° C
with an excitaticn 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
25 device with a set of PL gel 2 mixed B columns with
bead size of 10 microns was used at an operating
temperature of 105 degrees 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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per oxydi car bonates. Exenpl ary of dial kyl peroxides is di-t-butyl peroxide,
of peroxyesters are t-butyl peroxypivalate and t-anyl peroxypival ate, and
of 25 - WOa¥I42di carbonates are di (n-propyl) peroxydi eariveysmue?

di i sopropyl peroxydi carbonate, di(sec-butyl) peroxydi carbonate, and

di (2- et hyl hexyl) peroxydi carbonate. The use of diisopropyl

per oxydi car bofial 11,05 o}i fy | hiene bl Yorbees -arlGoy qegPOLYTEN i zation and

copol ymeri zation with other fluorinated nononers s taught’in U S. Pat. No.
3,475, 396, antbliltosredsbyi fihtedatrignvi nyl i dene fl uori de/ hexaf |l uor opropyl ene

copolyners is fﬁrﬁgeﬁ illustrated in U S. Pat. No. 4, 360,652. The use of 5
di (n-propyl) f~car bonate in vinylidene-fluoride polynerizations is

described in the Rubbi gheds Uniexa) sedi Ald GRlde@nrbKOKeH Jwel2 58065711, The
quantity of an initiator required for a polynerization is related to its
activity and aegednfer 8P Uke AfsEgippized water .t Re2pbl Yored§ #atli on. The

e N S Lk s e T S e
at the begi nnirng ot.008t Rgtof hearaffin wax. The mixture was purged

with nitrogen and agitated for 30 minutes. The
reactor was sealed and heated to 80 degrees Celsius.
The reactor was charged with 0.355 kg of vinylidene

10 fluoride, 0.049 kg of hexafluoropropylene (a ratio of
88 vinylidene fluoride/12 hexafluoropropylene), and
0.120 kg of a 5 wt% solution of ethyl acetate in
deionized water. The reaction conditions were
stabilized at 80 degrees Celsius and 4480 kPa, and

15 then the polymerization was begun by introducing 0.026
kg of an initiator emulsion consisting of 2 wt% di-n-
propyl peroxydicarbonate and 0.15 wt% mixed
perfluoroalkanoate salts dispersed in deionized water.
The pressure rose to 4550 kPa with the addition of the

20 initiator emulsion. The polymerization was maintained
by the addition of the initiator emulsion at the rate
of 0.112 kg per hour, and by the addition of a mixture
of vinylidene fluoride/hexafluoropropylene in the
ratio 95 vinylidene fluoride/5 hexafluoropropylene so

25 as to maintain pressure. After 4.2 hours, totals of
1.890 kg of vinylidene fluoride and 0.140 kg of
hexafluoropropylene had been charged to the reactor.
All feeds were stopped, and the reactor was cooled.

After 5 minutes of cooling, agitation speed was
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reaction and then additional initiator may be 15 optionally added to
mai ntain the polynerization at a convenient rate. The initiator may be
added -in puwe9sisedy, in solution, in suspension, or in endTYSIH40tependi ng
upon the initiater chosen. As a particul ar exanpl e, peroxydi carbonates are
conveniently added in 20 the formof an aqueous enul sion. As the
reaction progresses, a mxture of vinylidene fluoride and

hexaf | uor opr opyediredmbiofds sand SUERBLPR AT "§FEeVeRETD ( second effective

ratio) so as tz?%{@ﬂf?%i (}aée%.géﬂrﬁ‘;en'&dprcﬁéS%&to@_ﬁzaéef@fﬁx@_cooled?f fective

rati o used corresponds to t mer unit ratio desired in‘the final
conposi tion of apdeczapakywes , engrtd eidt of abatreange Pupyther 2Heiof wabhe conbi ned

wei ght of the nmonomers hei ng fed cont Lnuousl thrgu hoyt the reaction. The
feed of vinylidepkated) Py: coagyiadnggshe hbaEFs urgP b’?%p'#}eene, and optionally

initiator and ghaif-ijARSHeHs AUAH Hos1CRtulteed bRk dryihe dasired. reactor
fill is obtained. Upon reaching the desired reactor fill, the nononer feeds
are terms nat edsoTids athiléVededeeds Celsigppud wikeddhfinePaseirnum sol uti on

clarity and ni¥£gaiesin so made had a melt viscosity of 2770 Pa.s,
had a DSC melting peint of 152 degrees Celsius, and
had a hexafluoropropylene content as measured by NMR
of 5.4 wt%.
10 EXAMPLE 2
Into a 7.5 liter, stainless steel reactor were
charged 4.913 kg of deionized water, 0.230 kg of a 1
wt% solution of a mixture of perfiuoroalkanoate salts,
and 0.004 kg.of paraffin wax. The mixture was purged
15 with nitrogen and agitated for 30 minutes. The
reactor was sealed and heated toc 80 degrees Celsius.
The reactor was charged with 0.415 kg of vinylidene
fluoride, 0.215 kg of hexafluoropropylene {a ratio of
66 vinylidene fluoride/34 hexafluoropropylene), and
20 0.010 kg of ethyl acetate. The pressure was at 4835
kPa. The reaction conditions were stabilized at 80
degrees Celsius, and then the polymerization was begun
by introducing 0.040 kg of an initiator emulsion
consisting of 2 wt% di-n-propyl peroxydicarbcnate and
25 0.15 wt% mixed perfluoroalkanoate 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 of the

initiator emulsion at the rate of 0.176 kg per hour,

- 21 -



extractables, all other feeds are stopped at the sanme tine as the nononer
feeds, and the reactor is vented as soon as is practicable. Alternatively,
to achi eveVPPHH2Et yield at the expense of solution cl aPCTWSHE0710
extractabl-es, -a-react-out period to consune residual nmononer is used with
optional continuation of initiator feed. For react-out, the reaction
tenperature and agitation are maintained for a period of 20 to 30 m nutes,
but a | onger apdr bpdtitamdis tisedofi5a mixture péquingbideneorder to consune
nononer to the point where the reacior pressure js no longer falling to any
si gni fi cant (fég‘PEé‘.ieﬂ‘%’fé"tfﬁ'l"loﬁapﬁ‘ém'%%f’%fmt ?f%f*’cﬁ??ﬁo 1% to 40 ninutes may be
used fol | owi Qg HiheqsLaCct I dBRE b ORexdMNidASpEBEY S&kd | dNGhaPebI 0d,
tenperature is 20 -maintained but no intiator feed is used. The
reactor is thenincabhepresmingent BfteThe pheyyst Fetakemferled8is a latex. To

optain dry resi Qe %Pﬁ%f&e ifiuSQﬁ@é”%fq,,_4t4lge]f§oggul umis separated and
ed.

t he separ at ed>coagu may beé was provi de powder, the
coagul am i s aeixadlubospidi®ylemagnbdt bom sthepgedever ahe wddctlomown net hods can
be used including freezj ng&fthe addi ti on of acids or salts, or mechani cal

shear with oploPGRsF Fesds MpreTRECRBS Y £ eFaShPE dmORREDHE 2 ur t her

consumed by maintaining the initiator emulsion feed
and 80 degrees Celsius for 20 minutes. The initiator
feed and agitation were stopped and the reactor was

10 allowed to settle 10 minutes. The reactor was cooled
to 45 degrees Celsius, vented, and then it was emptied
of latex. Polymer resin was isolated by coagulating
the latex, washing the resulting solids with boiling
water, and drying the solids at 80-degrees Celsius to

15 yield fine powder. The resin so made had a melt
viscosity of 1220 Pa.s, had a DSC melting point of 114
degrees Celsius, and had a hexafluoropropylene content
as measured by NMR of 17.2 wt.%.

EXAMPLE 3 (Comparative Example to Example 1)

20 Into a 7.5 liter, stainless steel reactor were
charged 4.799 kg of deionized water, 0.230 kg of a 1
wt% solution of a mixture of perfluoroalkanocate salts,
and 0.004 kg of paraffin wax. The mixture was purged
with nitrogen and agitated for 30 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 hexafluoropropylene (a ratio of
93 vinylidene fluoride/7 hexafluoropropylene), and

0.120 kg of a 5 wt.% solution of ethyl acetate in
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processed into pellets or other convenient resin fornms. The foll ow ng
Exanples further illustrate the best node contenplated by the inventors for
carryi-ng ouVOU8242 | nventi on and-are to be construed as BCT/US8/04003 ystrative
and not as-in limtation thereof. Melt viscosity nmeasurenments are by ASTM
D3835 at 232[err]C and 100 s- 1 Thermal properties are neasured with a

Differential gangl ng, (g:awa Sff I(\ﬁ%%(&)gé%%(rzggga{&&% ;,gr ASTM D3418.

HFP content wa erm ne Ing to the signal assignnents
and et hod desgitiabeditked thammadegraés ,Calek yaean avnuso Raa, 2243 230 ( Feb.
1987) A Unity 400 spectroneter at 376.3 Miz was us ) Spectra were
obt ai ned ei t hertheR 888t ROMEF IFRRRPREST SEFRRA 6 ’é’ttrgé[“éf"?? T8t h an

excitation pul g& \Mfdfag g& aﬁ&o@ EROEECANdSnaNg: tnd @EVel grdedanof 10
seconds, in deuterate sul foxide at 80[err] Cwith an excitation

pul se wi dth of fopyii pens:exthbaneltﬂ! aryicloe120W“°/ mixgd| ay of 5 seconds, or
I n deuterated acet (ine at th of 8.0

8 (ff itation p 9
m crosec8nds aRfFE PBE%Péarﬁ)eﬁt&ysﬁ} v, 85%% #eel(%llla? W GHts wer e
neasured by si zg,L¥ohysé o HNIRMRLE Ghaite i0SEDy thebialsiddlbC

chr omat ogr aphi c

the initiator emulsion at the rate of 0.112 kg per
hour, and by the addition of a mixture of vinylidene
fluoride/hexafluoropropylene in the ratio 93

10 vinylidene fluoride/7 hexafluoropropylene so as to
maintain pressure. After 3.1 hours, totals of 1.890
kg of vinylidene fluoride and 0.140 kg of
hexafluoropreopylene had been charged to the reactor.
Monomer feeds were stopped, and residual monomer was

15 consumed by maintaining the initiator emulsion feed
and 80 degrees Celsius for 20 minutes. The initiator
feed and agitation were stopped, and the reactor was
allowed to settle for 10 minutes. The reactor was
cooled to 45 degrees Celsius, vented, and then it was

20 emptied of latex. Polymer resin was isolated by
coagulating the latex, washing the resulting solids
with boiling water, and drying the solids at 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
wt.%.
EXAMPLE 4

Into a 293 liter stainless steel reactor were
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25 device with a set of PL gel 2 mxed B colums with bead size of 10
m crons was used at an operating tenperature of 105 degrees C. HPLC grade
di nethyl: ¥PP&384de (DVMSO) was used as the eluant at fl owrcrasmsosdz 1. 0
m./mn. The sanples were prepared by - 19 - di ssolution in DVSO for 5
hours at 100 degrees C, followed by filtration. EXAMPLE 1 Into a 7.5 liter,.
stainless steel reactor were charged 4. 799 kg of deionized water, 0.230 kg

of als CW%QO?%?iQ)H‘%Pfa_dﬁF?FE?%d Jfatser f FubP obd ktfhatléd salts, and
0.004 kg of RARALLLACYEK of e nTiXbEE Corase it geda il i 10geg and agi tated

for 30 mnutes. The reactor was seal ed and heate degrees Cel sius.
The reactor was 6hatgek wi lpaFa3sbnkgibf Viheylriedeher Ihs fluoride, 0.049

kg of hexafl uoropr | en a.ratio of 88 vinylidepne fluoride/ 12
hexaf | uor opr ﬁﬁcg‘ﬁggé{ And %iaff% ka Bf "Ry orgoPgt?%)r#‘?ﬁre@tShyl acetate in
dei oni zed wat®nsitbedientd itk ebadhih@Naiegishabbhides Aleq80 degrees

Cel sius and 4480 kPa, and 15 then the polynerization was begun by
i ntrodBci ng FosbekgedFram Watet rdEss binf JPrLcshaBysidene of 2 wt % di - n-

fluoride, 0.8 kg of hexafluoropropylene (a ratio of 94
vinylidene fluoride/6 hexafluoropropylene), and 0.5 kg
of ethyl acetate, which brought the reactor pressure
to 4480 kPa. During the pressurization, when the

10 pressure reached 3445 kPa, a feed of initiator
emulsion consisting of 2 wt% di-n-propyl
peroxydicarbonate and 0.15 wt% mixed
perfluoroalkanoate salts dispersed in deionized water
was begun and was maintained at 9.0 kg/h until 4.6 kg

15 of initiator emulsion had been added. The rate of
further initiator emulsion addition was adjusted so as
to maintain a total monomer feed rate of 27.0 kg/h. A
monomer mixture in the ratio 94 vinylidene fluoride/6
hexafluoropropylene was fed to the reactor so as to

20 maintain pressure at 4480 kPa until the totals of 85.3
kg of vinylidene fluoride and 5.4 kg of
hexafluoropropylene had been charged 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 cooled, vented, and emptied
of latex. Polymer resin was isolated by coagulating
the latex, washing the resulting solids with water,
and drying the solids to yield fine powder. The resin

30 sc made had a melt viscosity of 1740 Pa.s, had a DSC
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propyl peroxydi carbonate and 0. 15 wt % m xed perfl uoroal kanoate salts

di spersed in deionized water. The pressure rose to 4550 kPa wth the

addi ti.on ofwohksg2e initiator emul sion. The pol ynerr&Arsogomewas

mai nt ai ned by the addition of the initiator enulsion at the rate of 0.112
kg.per hour, and by the addition of a m xture of vinylidene

fl uori de/ hexaf |l uoropropylene_in the ratio,95.vinylidene fluoride/5
hexaf | uor opr opy3eri&% §o28¢ of 15§SIAFgr?‘r%‘T’ rﬁegisﬁuﬁreﬁ%cgﬁba.c Safter 4.2 hours,

totals of 1.890). kor1QforébR¥bitane cohbent de #RdsQrddokam¥ of 4.7

hexaf | uor opr opy?ene had been charged to the reactor. Al feeds were

st opped, and twe.¥eactor was cool ed. After 5 minutes of cooling, agitation
speed was - 20_- PLE (}U gdlpy 78% and surplus gases were vented. Agitation
was stopped, t%#mfurther cooled, and then it was enptied of

| at ex; Pol ymegopsshiersasti seamiled byecomgideatnbig $ivet laatlgxtowashi ng the
resulting solids with boiling water, and dryin e 5 solids at 110

t he
degr ees Cel si uSOPL ¥R Of i Feaoider. OF ey &S %OEBLW REd a mel t
viscosity of 2;19[“&@5%5,9 hadia DICaRLt & Ngh RQIM tg:‘\lfvflg:sﬁgﬂ@grsegg Cel si us, and
y

had a hexafl uoropropyl ene content as neasured by
Examples 3 or 4 and are shown in Table I.
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of 5.4 wt% 10 EXAMPLE 2 Into a 7.5 liter, stainless steel reactor
were charged 4.913 kg of deionized water, 0.230 kg of a 1 wt% solution of a
m xt ur e -oWOBREARor oal kanoate salts, and 0.004 kg.of parcifsosodazex. The

m xture was purged 15 with nitrogen and agitated for 30 m nutes. The
reactor was seal ed and heated to 80 degrees Cel sius. The reactor was
charged with 0.415 kg of vinylidene fluoride, 0.215 kg of

hexaf | uor opropyl ene (a ratio of 66 vinylidene fluoridel/34

hexaf | uor opr opyl ene), and 20 0.010 kg of ethyl acetate. The pressure
was at 4B95 kPa. The reaction conditions were stabilized at- 80 degrees

Cel sius, and then the polynerizat|gn wag begun by |ntrodup|ng 0. 040 kg of

an initiator enulsion consistigng Bf R wet dﬁvm-psopyl”peﬁoxydlcarbonate and
25 0.15 wt % ni xed pveIudranEaﬁbaPe saPts ﬂlSperseﬁ i n deionized
wat er. The pressure dropped upon kristiaki on~amd it was tffen maintained at
4825 kPa. The polynerd zatd on as &ﬂrht&ﬁned“ﬁf thesaddi t |“on of the
initiator emulsion at the rate of 0.176 kg per hour, = 2 g- and by the
m w v~
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fluoride/ hexaf |l uoropropylene in the. ratio 84 vinylidene fluoride/16
hexaf | uor opr oproyl ene so as to maintain pressure. After 2.2 hours, totals
of 1.585 '-kgwef”’ﬁéfﬁll i dene fluoride and 0.445 kg of 5 PCT/US98/04072

hexaf | uor opr opyl ene had been charged to the reactor. Mononmer feeds were
stepped, and residual nononmer was consunmed by nmaintaining the initiator

| si feed d 80 j f m it at feed d
el sion feed and 80 deokegs FElNINSATOl AR M HRESoydhSIiskiator feed an

agitation were stopp the reactor to'settle 10
m nutes. The reasdafluigdtgoohecided 45 degraesiCébstisn arehted, and then it
was enptied of |atex. Pal r resi.n was isol at r(let(gllaby.coagul ating the | atex,

me
washi ng the resuft3HP &5 F8ES VR 1561 PR SRR P 2250 r vi ng the solids at

80 degrees Cel si Us1d©ickds) of é&l&ﬁ'pﬁrﬁ:&@@l@@@ﬁfo&ymz}ﬁ%f agiis so made had a
melt viscosity of 1220 Pa.s, had a DSC nelting point of 114 degrees

Cel si us, and hadiavertdsil Govepd chypaghecebat ammiaglnBEs wwakepy NVR of 17.2

wt . % MPLE 3 ar at.i.ye ml o] I . 20. Into a 7.5
liter, Eéani nl essg"g?iergqrorvelg\(é:t ngﬁ\;ﬁfe{%@%ghapgé 4.#5%%69%)‘5 dei oni zed wat er,
0.230 kg of a 1 pr8perdiddsi anaddgaugtitst thesefshpsimf bytoERahKancatie salts, and
0.004 kg of paraffin wax. The m xture was purged with_ nitrogen and agitated
for 30 nminutes. FRkl®5Il when diggvedadnsely &F &HE RREY®RFR 0 80 degrees

Cel sius. The reagjofedas ¢Rer 9srk Wdnkelr #9010 190 eYb Nyt I HERG a

copolymer having about the same particular nominal
10 HFP content made by a typical process described in
detail in the prior art provides solution
descriptive properties analogous to those shown in
Table II for Example 12.
EVALUATIO o] ON PR TT F
15 EXAMPLES
The solution properties of examples 2 and 12
are shown in Table II. Mixtures-of the indicated
weight percent were prepared, using heat when
necessary to dissolve the polymer completely and
20 form a clear solution. Solutions were then allowed
to cool and observed daily cver a periocd of two
weeks. The copolymer 2 showed a reduced tendency to
gel and to be clearer than the copolymer 12. The
retention of fluidity and clarity by the copolymer 2
25 is advantageous in applications which rely on
polymer solutions, such as in the production of cast
films and membranes.
The reduction in tendency toward gelation by

the copolymers of the present invention is further
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fluoride, 0.030 kg of hexafl uoropropylene (a ratio of 93 vinylidene
fluoride/7 hexafl uoropropylene), and 0.120 kg of a 5 wt. % sol ution of ethyl
acet at e -i Q9835242 dei oni zed water. The'reaction condPET/B$PS0482 e
stabilized at 80 degrees Cel sius and 4480 kPa, and then the pol ynerization
was begun .by.introducing 0.026 kg of an initiator enulsion consisting of 2-

Wt % di - n- propydn el QkY #he8E bonal e taedgfl doi M %iesedsd o
perfl uoroal kanoate salts dispersed in deionized water. The pol ynmerization
was mai nt ai ned myemiengddprbeoratsf slutiangief cromengifstba at the rate of

0. 112 kg per hour nd by the addition of mxt ure of vinydidene
fl uori de/ hexaf I%’f)drm@gregp? ene T h tlﬁet‘rﬁgt ?%bg%“ 1é lﬁheom\‘?}:’ﬁ%%ene fluoridel/7

hexaf | uor opr opydyaienis0s@gesd riRddiicdicr PERSSON GvasAlzed 8o lmddire total s of
1.890 kg of vinylidene fluoride and 0.140 k'g@?f' hexaf | uor opr opyl ene had
been charged tFRhEHEEEPBr ELRRH SHe R Of WEHsSWBHE TSophelif®and resi dual

nmonomerg was 15 41 mde@NSHMBH JH RabBhAge t N8 d HbL3i QLe €mul sion feed and
80 degrees Cel sEfousyn{‘ or ZOnﬁi%u es. Tﬁe initia{%r ?ee(kj)?an eagi tation were

st opped, and t herrleaciter wvaasohl iaonviedlt §9s@% tpwrifton) .10Thenut es. The react or
was rheometer was fitted with a Peltier fixture and

solvent trap. A 40 mm parallel plate geometry was
used with a gap of 1 mm. Solid copolymer was mixed

10 with propylene carbonate at room temperature on the
day of measurement, the container was sealed, and
the solution was formed by heating and stirring the
mixture in the sealed container for 1.0 hour in a
Pierce Reacti—Therm® Heating/Stirring Module set at

15 120°C. The solutions were quickly loaded at the end
of the dissolution period into the test fixture,
which was preset at 100°C. A temperature cooling
ramp in dynamic oscillatory mode at 1 Hz was begun
as soon as the fixture temperature re-equilibrated

20 at 100°C; re-equilibration typically required a
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 equal. The gel

30 time was taken as the time duration in the time
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cool ed to 45 degrees Celsius, vented, and then it was 20 enpti ed of

| atex. Polyner resin was isolated by coagulating the | atex, washing the
resul ting soY¥BRH42h boiling water, and drying the soli dcfusdsiideHegr ees
Cel sius to yield~fine powder. The resin so nade had a nelt viscosity of
2550 Pa.s, had a DSC 25 mel ting point of 154 degrees Cel sius, and had
a hexafl uoropropyl ene content as neasured by NVR of 6.0 wt.% EXAVPLE 4
Into a 293 |iter swegbnkesseatiedlher gaétppingere - 23 - charged 200.0 kg of
dei oni zed water, 1.00 f ; 9 | utdon m xi ure of

per fl uor oal kanoat e saITFg, 93%%::%1%%{?2%8%&%%%%?% of é e. r.eactor was
evacuat ed and heaiefrtieha by glneion tAhmedegr ers Lehaisus during the
chargi ng, and agitation was used. 5 . To the reactor were added 12.6 kg
of vinylidene fl RHIRYSERE. BAIRPHGChERBRT IR0 o PYPERel Y 1FHEE O3 of 94

vinylidene fluorigde/&hexafluoropropyle vaRds0.P @ Qf--gLAyl acetate,

1
whi ch brought the reactor pressure to 44 Oo KPa. During the pressurization,
when t he 510 pressire haae Hetg8z448e kdtaiona tiwesd Wfan rihei at or

copolymers prepared according to the prior art over

the whole range of HFP content. The reduced

tendency toward gelation by the copolymers of the

present invention is advantageous in processing such
10 solutions for film casting and other solution

applications.
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enul sion consisting of 2 wt% di -n-propyl peroxydi carbonate and 0.15 wi

m xed perfluoroal kanoate salts dispersed in deionized water was begun and
was mai nt WnesPsae 9.0 kg/ h until 4.6 kg 15 of i nit patrosesmenat si on had
been added. TFhe rate of further initiator enulsion addition was adjusted
so as to maintain a total nononer feed rate of 27.0 kg/h. A nonomer m xture.
inthe ratio 94 vinylidene fluori de{rgagﬁxﬂl uor opropyl ene was fed to the
reactor so as to 20 mai nt ggﬂgp%&g rgggrr €§<80 kPa until the totals of
85.3 kg of vinylidene fluoride : % f&%af | uor opr opyl ene had been
charged to thesgactor. A EedS WeTe St ORpedancaind TE€STdual nononer was
consuned by naicmtaimtigag810 Cel sius and agitation for 25 20 m nut es
and then by nmaf#t&fning 91[err] Celsius for 35 minutes. The reactor was
cool ed, vented, and enptied efamhaizex. Pol ynmer resdeme was 1 sol at ed by

coagul ati ng t hetat-ex;—washi-rg—the—+esutt+nrg—selds—wth-water, and drying
the solids to yiehdutd Nne powderia, Tharresin 30 riuiga $Rafade had a nelt

viscosity of 1740 Pa.s, had a DSC - 24 - mel ti ng point of 155 degrees
Cel si &8, and' hagf‘ ar MeXaf | uor dpHépylene cont ent Bsd3reasigoee 9by NVR of 4.7
clear
30% in MEK by day 14,some gel,clear by day 1, loose gel,
cloudy; by day 4, gel,
cloudy
15 10% in MPK fluid, clear £fluid, clear
20% in MPK fluid, clear by hour 2, some gel,

clear; by day 1, gel,
slightly cloudy

10% in MiBK fluid, clear by day 4, gel, clear
20 10% in CPO fluid, clear fluid, clear

10% in CHO fluid, clear fluid, clear

20% in CHO by day 2,some gel,clear by day 1, some gel,

clear;

by day 2, some gel,

25 cloudy

10% in EtoAC fluid, clear by day 7, some gel,

clear

20% in EtoAC fluid, clear by day 1, fluid,

cloudy; by day 3, some
30 gel, cloudy

10% in n-PrOAc fluid, clear fluid, clear

10% in i-PxOAc £fluid, clear by day 6, some gel,

clear

10% in EGMEA fluid, clear by day 6, gel, clear
35 10% in DMC fluid, clear by day 7, some gel,

clear

20% in DMC fluid, clear by day 1, some gel,

cloudy; by day 2,

mostly
40 gel, cloudy

20% in Blend 2 fluid, clear by day 14, fluid,

cloudy




wt EXAMPLES 5-to 12 Copol yners of exanples 5 to 8 are made simlarly to 5
copol yners of Exanples 1 or 2, and copolyners of exanples 9 to 12 are nade
simlarly tWOO8pR2 ners of Exanples 3 or 4 and are shownPGHUSPapdoe | . - 25 -
The term ' solutien(s) having inproved clarity and fluidity" as used in the
specification and clains of this application neans.that the solution(s) of
any particul ar copolyner of this iovention having a particular nom nal HFP

content 5 wi || provi de soNetésflox) Thble nif descri ptive properties
anal ogous to thos wn by Examle. 2 in Table, Il n dissal ved in any of
S s R edRry ot oiire vl 650, Stata

the solvents |ist conc “eve h a copol yner

havi ng about thecswamvipar.t | BBk als Mthal etz ketoneHRPKC ARt ent nmade by a
typi cal process described in detail in_the prior_art provides solution
descriptive prop@¢thes PARRY6gbtC% MABEel % Mfkkyilnisobutyl

ketons, CPO is cyclopentanone, CHO is cyclohexancne,
5 EtOAc is ethyl acetate, N-PrOAc is n-propyl acetate,
i-PrOAc is isopropyl acetate, EGMEA is ethylene
glycol monowmethyl ether acetate, DMC is dimethyl
carbonate, Blend 2 is composed of 35.4 parts MiBK,

29.8 parts CHO, and 30 parts DMC by weight.
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Table Il for Exanple 12. EVALUATI ON OF THE SCLUTI ON PROPERTI ES OF THE 15
EXAMPLES The sol ution properties of exanples 2 and 12 are shown in Table
1. M xtur¥e9%384% he indi cated wei ght percent were prep&E&MS®P47ag heat
when necessary to dissolve the polyner conpletely and 20 forma
clear solution. Solutions were then allowed to cool and observed daily
over a period of two weeks. The copol yner 2 showed a reduced tendency to
gel and to be clearer than the copolynmer 12. The retention of fluidity and
clarity by the copolyner 2 25 is advantageous in applications which
rely on polyner solutions, such as in the production of cast filnms and
menbr anes. The reduction in tendenc?A?Eﬁwﬁiihgeration by the copol yners of

the present invention is furddi®frron2éerarrondi@ye ifQ; Table 11 A The
gelation times of propyl ene carbonate sol utions o# sone of the exanples are

shown in the table. A Rheonetrics dynam c qtress rheoneter DSR-200 was
used to neasure_t he gel tiion times of m%?bso uti ons of the
Examplte ﬁhmbe: o) e

1 425
1 512
5 3 342
3 394
6 4,913
6 8,322
6 12,924
i0 10 934
10 1,553
10 3,191
2 77,000
2 62,400
15 12 14,100
12 47,500
{a]l 20 wt% solutions at 15°C in propylene
carbonate. Gélation time is in seconds.
20 VALU. OF F LO LA Y

Some of the non-gelled solutions from the

solution property tests were used to make films
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5 pol ynmers in propyl ene carbonate (the propyl ene carbonate was of
nom nal 99. 7% purity). The rheoneter was fitted with a Peltier fixture and
solvent trapoosssdd nm parallel plate geonetry was used VRGIVUS88/@#8713 of 1 mm
Sol i d ‘copol yner. was m xed 10 wi th propyl ene carbonate at room
tenperature on the day of neasurenent, the container was seal ed, and the
solution was fornmed by heating and_stirring the mxture in the seal ed
container for 1,0;:bRufid tasPLgr £6r RAAGE ad@esratHegt i nghStifkisng Modul e set
at 15 1200C. The solutions were quickly |oaded at the end of the

di ssol uti on per iwedei past tdre at dsnetad danme 2AnpRaH Washpresesing 21000C. A
tenperature cooling.ra i n._dynam ¢ Il OFRY. Jrode _a Hz was begun as
soon as the fi xtou}g7t‘8 er a &%’eg?“ér-leag%ﬁ'llf:%?% ecﬁ‘)}glg a®sd at 100[err] G
re-equilibratiomityphetdst yapequUThe esuTifalinge Wwerd esdedTher aduleeng ranp was
from100[err]C to 15[err]C at a rate of SOEer&PC/m V\hﬁn lgl,err C was
reached, a 1 ni d@ve afuFPIbrEErPERAEY TR wWES1TsBPS5ESt ABRSHV %% sweep
measur egent was u%‘i%gna A6 S8 Srigidelbd-at gZ5ss meter, 1HQCWheri ng the
time sweep neasuréneént perfornmed at™ 1 radian/s. The tine sweep was

continued until relelgel apoishiownasnriseliredIITheFgat hegenvaswas taken as the
point at which the sol

becane equal . TW@aﬁé}FeggéyndesttE%‘?ﬁﬁ%g%g F’gl&%%%sssag‘%‘gte??r(r% ur at |d(l;|nulsn tGhe
time L.* value) of the film on the black portion of the
opacity chart using a HunterLab Labscan 2
10 colorimeter, and the results are shown in Table IV.
Films from copolymer 2 showed higher gloss from a
wider range of solvents than films from copolymer
12. The haze in films from 2 and 12 was generally
similar, but noticeably less haze was observed in
15 films from 2 in several instances. The results,
taken together, show that VDF/HFP copolymer of the

present invention demonstrates an increased utility

for high-gloss, high-transparency film applications.
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- 28 - sweep to reach the gel point. The relation between HFP content
and the logarithmof the gelation tine of the 20 wt % propyl ene carbonate
sol uti ons WR9%H¥¢n in Figure 3. It can be seen that theprcopsdsyws@ss of the
present 5- - invention have |l onger gelation tines than the copol yners
prepared according to the prior art over the whole range of HFP content.
The reduced tendency toward gel ation bé t he copol yners of the present

i nvention is advantageous in proces$ stieh 10 solutions for film
casting and ot her sol ution applGLOffi @RsCAST FILMS  TABLE | | SOLUTI ON
PROPERTI ES Pol yner B Appear ance
concentration and 5 sol vent Exanple 2 Exanpl e
12 - .
Polymer Gloss, 20 degree / 60 degree
concentration -
5 and solvent [a] Example 2 Example 12
20% in MEK 33.6 / 69.0 31L.3 / 68.7
10% in MPK 31.4 / 68.9 1.3 / 18.7
10% in CPO 0.7 / 16.8 2.0 / 27.7
10 10% in EtOAc 29.4 / 66.6 29.4 / 68.0
10% in n-PrOAc 31.9 / 70.1 16.0 / 57.0
10% in i-PrOAc 31.6 / 69.4 15.4 / 56.2
10% in DMC 35.4 / 70.6 30.1 / 68.6
20% in Blend 2 34.6 / 71.2 0.1/ 2.4
15

[a] Polymer concentration and solvent indicates the wt% and
solvent the films were cast from. MEK is methyl ethyl ketone,
MPK is methyl propyl ketone, CPO is cyclopentanone, EtOAc is
ethyl acetate, n-PrOAc is n-propyl acetate, i-PrOAc is

20 isopropyl acetate, DMC is dimethyl carbonate, Blend 2 is
composed of 35.4 parts methyl isobutyl ketone, 29.8 parts
cyclohexanone, and 30 parts DMC by weight.




| 0% i n MEK fluid, clear fluid clear 10

20% i n MEK fluid, clear by day 2, |oose gel,
cl ear 30%.i nwivB#38242 by day | 4, sonme gel, cl ear by mayushsndmose gel ,
cl oudy; by day 4, -gel. cloudy 15 10% in MPK fluid,
cl ear fluid, clear 20%in MPK fluid, clear
by hour 2, sone gel, clear; by day 1, TQEL SHightly cloudy 10%in M BK
fluid, clear by 10%in CPO
fluid, clear i Su’d“gﬁxéf A cfﬁ&gﬁi’ﬁio fluid, clear
fluid, clear 20%in CHO by day 2, sone- gel, cl ear "by day 1, sone
gel, clear; by day 2, sone gel, - Cl GUdi 10% i n Et oAC
fluid, clear Polymer by dayC}Fn@’on‘émb’é‘? L* cfPear 20%in Et oAC
fluid, clear Oif:gc;g’;i:;ff;w by daym
by day 3, sone 3 Y oge
cl oudy 1(5so|n n- Prf)ﬁ:c—‘_"‘flwd crear — —tturd, clear 10%
ini-PrOAc Jok Uinduexc| ear 6.59 by day 6,s3ame gel, clear 10%
i n EGVEA fluid, clear by day 6, gel, clear

10% in MPK 6.19 14.48

10% in CPO 15.18 15.56

10% in EtOAc 7.38 5.84

10 10% in n-PrDAc 5.64 7.34

10% in i-PrOAc 5.61 7.79

10% in DMC 6.21 5.73

20% in Blend 2 5.36 17.85

15

Tal Polymer concentration and solvent indicates the wt% and
solvent the films were cast from. MEK is methyl ethyl ketone,
MPK is methyl propyl ketone, CPO is cyclopentanone, EtOAc is
ethyl acetate, n-PrOAc is n-propyl acetate, i-PrOAc is

20 isopropyl acetate, DMC is dimethyl carbonate, Blend 2 is
composed of 35.4 parts methyl isobutyl ketone, 29.8 parts
cyclohexancne, and 30 parts DMC by weight.

bl Guide to haze:

L* <« 7 no haze
25 7 < L* < 9 very slight haze
9 < L* < 11 slight haze
11 < L* < 15 moderate haze
15 < L* severe haze



35 10% in DMC fluid, clear by day 7,

sone gel, clear 20%in DMC fluid, clear by day 1,
sone- gel , WOI%B4¢2 by day 2, nostly 40 PCT/US98/04072

gel, cloudy 20%in Blend 2 fluid, clear by day 14,
fluid, cloudy - 30 - Notes for Table Il [a] Polyner concentrations are
W % unI ess stat ed ot hervm se. I\/EK |s rreth | et hﬁ/l ket one, MPK i s nethyl
propyl ket one, ENALE ON £ F St S REEERT 08 THELXAMPIES anone, CHO

I s cycl ohexanone, EtOAc is et hyI acet ate, N—PrOAc i's n-propyl acetate,
i-PrOAc is isopropwh%éenailememplosnét hyl@natrglloyrcehtrmnorret hyl et her

acet at e, I S d| C bonat Blend 2 is-c osed of 35.4 parts M BK,
29. 8 parts CHC5J a m%ﬁypar ncilwg aﬁ?ssnégl (%rrp

semlcrystalllne polymers. It is known that the
final melting point of VDF/HFP copolymers is related

5 to the HFP content in the copolymers. The relation
between HFP content and final melting point of the
VDF/HFP copolymer examples is shown in Figure 1.
The copolymers of the present invention and the
copolymers prepared according to the prior art

10 synthesis which details are available can be seen to
fall on different melting point curves, indicating
that they are different materials, with the prior
art copolymers having a higher melting point at a
given HFP content. The lower melting point property

15 of the copolymers of the present invention can allow
lower processing temperatures than for the prior art

synthesis copolymers.

EVALUATION EX L N DI HYL CARBONATE
General Procedure
20 1g 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 maintaining the desired
temperature by appropriate means for 24 hours. The
25 entire contents of the container wexe then
transferred to a centrifuge tube and centrifuged to
separate undissolved polymer. The liquid phase was
transferred to a suitable tared container and the

solvent evaporated. The residue in the container
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TABLE I1-A - - SOLUTI ON GELATI ON TIME [a] Exanpl e Nunber

Celation Tine 1 425 1

512 5 .- . WO9338242 3 342 3  PCT/US8/04072

394 6 . - 4,913 6 8,322 6
12,924 10 10 934 10

1,553 10 was weighed and repoifdd s percent by weight 77,000 2
62,400 15 g 14,100 12

47,500 [a] 20 w %eolagthrbhssat 15[err] C in propyl ene carbonate. Gel ation
Lhe non- gol | ed Sof ut | GRE TTBHIT Ke B8F U or T5rBReFey s GePEl used Lo make
films - 32 - carbonate at 40°C was measured. The data is shown
in Table V. Copolymers.prepared according to
5 synthetic methods in the prior art for which details
are avallable are labeled "N". Copolymers prepared
according to the methods described for the present

invention are labeled "U".
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which were tested for gloss and clarity. The filnms were cast on a Leneta
chart using a 0.127 neter draw down appli cator
“The cast filnms were dried for three dayRCTAYSIR/mm

usi ng a HunterLab Progl oss
Fil m haze was

Form 2A opaci t

m cronet e?vog%ﬁ.xz
t enper at ure.
PG 2 gl oss neter

cal ori neter,
showed hi gher
12

h
fpBeroa

Film gl oss was determ ned 5
and the results are shown in Table II1.
measured by determ ning the whiteneggpipdex (CELAB L* value) of the film
on the black portion of the opacity cﬁart

er t
aﬁ?%%‘gz Aot

copol yner : %ﬁw
noti ceably | esgt

S48 dBsB¥Ged in 15

SGpLep)

NHEMeE @Ren

using a HunterLab Labscan 2 10
in Table IV. Filnms from copol ynmer 2
] X \ ) fil'ms from '
Y RL FPRRCS T omP2 LaRysE Dl it e w8y BPLYMSY i | ar, but

films from2 in several

i nstances. _The results. taken together, show that VDF/ HFP copol yner of the
present inyeakqpbea denm#strat an i rggeased g;‘{:i_;ée;gfﬁq @é%ggll%sng
hi gh-tg anspapengy fif maRphipations| - 33 -1 (4qdBlfyd 1| ST
FI LMS Pol y e Gosq 20 defyree deqree
K2801 4.5 460000 | 145000 12.0% N
K2801 4.5 495000 | 157000 10.5% N
9521 2.1 427000 | 167000 3.11% N
9527 3.6 473000 | 150000 14.30% N
10 9529 2.8 417000 | 148000 9.29% N
88 3.6 375000 | 138000 4.04% U
90 2.3 483000 | 188000 0.23% ¥)
94 2.4 676000 | 240000 0.41% U
96 (Ex1) 2.4 409000 | 159000 0.28% U
15 98 2.4 351000 | 144000 1.11% U
100 (Ex5) 1.5 523000 ] 194000 0.41% 9)
104 3.1 433000 | 157000 1.61% 8)
A cursory examination shows that all N samples
have higher levels of polymer extracted into
20 dimethyl carbonate. Figure 2 shows a plot of the
extractables as a function of HFP 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
25 given level of HFP compared to the U curve.

Measured slopes for
extractables/mole %

extractables/mole %
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HFP for the U polymers.

HFP for the N polymers and 1.7%

havi ng a 250




concentration 5 and sol vent [a] Exampl e 2

Exanple 12 20%in MEK 33.6 / 69.0 31.3/ 68.7 10%in

MPK ... WOo98i38281.4 / 68.9 1.3/ 18.7 10% i n ER@S9S04072

0.7/ 16.9 - - 2.0/ 27.7 10 10% i n Et OAc 29.4

/| 66.6 29.4 /| 68.0 10%in n-PrOAc 31.9/ 70.1 16.0
/[ 57.0 10%in i-PrQAc 31.6 / 69.4 15.4 / 56.2 10%in DMC

35.4/ 70.6 3@Gnt bpbSrfdlAWl BaBLeIMled ¢ extractabidsb / 71.2

0.1/ 2.4 15 [a] Polynmer concentration and sol vent indicates the w % and
solvent the fil msumteb@abt the orandVEKang mlh;ﬂunet:hymakettmé akPK is nethyl
propyl ket one, cl n e tI]y PrCAc is
n- propyl acetate, ovfpr%% Qﬁe %%Ociymers %g%%’rﬁ&p&’r Acet aqtr tt%Bl\}é i s dinethyl
car bonate, Bl end golﬁne&@npase@bﬁ V33..4 parts nethyl isobutyl ketone, 29.8

parts cycl ohexanone, and 30 parts DMC by weight. - 34 - TABLE IV CLARI TY
OF CAST FILMS Pol yner Clarity, CIELAB L* [Db]
concentration Table VI

5 Comparison of Wt. % Extractables of N polymer as a

function of HFP content or HFP content and Mn

% Extractable % Extractable % Extractable
(meag) (cale model 1) {calc model 2)
12.0% 12.6% 13.4%
10 10.5% 12.6% 10.1%
3.11% 5.7% 3.2%
14.30% 10.0% 10.5%
5.29% 7.7% 9.7%

(Model 1)Wt 3% Extractable = 2.9 (HFP mole%) - 0.4
15 (Model 2)Wt % Extractable = 46.4 + 1.7{(HFP mole %) -
0.00028 (Mn) .

- 39 -



and sol vent [a] Exanpl e 2 Exanple 12 5 20% i n MEK

6.59 6.22 10% in MPK 6.19

14. 48 1OWWDHNEBQ 15. 18 PCT/USSIMbA 10% i n
Et OAC - - 7.38 5.84 10 10% i n
n- Pr CAc 5.64 7.34 10%in i-PrOAc

5.61 7.79 10% in DMC 6.21

5.73 20%in Blend 2 5. 36 17.85 15 [a]

Pol ymer concentration and sol vent TaBLeaV®E the wt % and solvent the films
were cast from MEK is nmethyl ethyl ketone, MPK is nethyl propyl ketone,
CPO i s cycl operdmpreoniesonEb@AGE | %5 Rattrplctabieat ef h-drl@hkeri asnapropyl acet at e,
i -PrOAc is 20 function.ofSHPPO@titeanebdt HFP Difhtientdiofemhyl carbonate, Bl end
2 is conposed of 35.4 parts nethyl |sobutyl ket one, 29.8 parts

cycl ohexanone, Famd—S30—parts—big Uy WBI%HL ‘LD] L de to ttaze. Tt 7
no haze 25 % Extractable 7 atgabl ? %ﬁqiﬁﬂFaH&?e 9k L* < 11
slight haze 11 < L*meas} nﬁﬁ@%h?@dﬁéz%)S q {galc model 2) gehere haze
- 35 4.04% 2.9% 3.1%
0.23% 0.71% 0.75%
0.41% 0.88% 0.48%
0.28% 0.88% 1.1%
1.11% 0.88% 1.2%
10 0.41% -0.65% -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 1076 (Mn) .
In the specification and the attached claims,
15 the 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
20 b) Wt% Extractable = -1.2 + 1.5(HFP mole%) - 8 x 10~°(Mn)
means that the measured value.of weight percent
extractables in dimethylcarbonate at 40°C must be
within 1.5 absolute percentage points from the
extractable value calculated for the particular
25 polymer by either equation.

That is, if the calculated value of %
extractables by either equation 1 or 2 is 3.0 and

the observed value is between 1.5 and 4.5% it falls
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EVALUATI ON OF THE THERMAL PROPERTI ES OF THE EXAMPLES The final nelting
point is an inportant - paraneter in the use and processing of

sem cryst al IWA@#8#yners. It is known that the final neltprciupeadsatz of

VDF/ HFP copol yners is related 5 to the HFP content in the
copolyners. The relation between HFP content and final nelting point of

t he VDF/ HFP copol yner exanples is shown in Figure 1. The copol yners of the
present inventieitkind theeicopuiehersepagparaddeaccdimiegrliyoithe prior art 10
synt hesis which details are avail,able_can be.seen to fall on different

mel ting point cERY ,s%rHS?CET‘Hblfhﬁtofhgy“gﬂi'B?fV%ﬁQ%ﬂ.tﬁﬁterials, with
the prior art coREiMEI $cbavidd i& Rhghesi dBlakeBIvRPIN s & gi ven HFP
content. The lower nelting point property 15 of the copol yners of
the present invehthemn eguatidh ovangswefren ctedsitngdt @hperatures than for the
prior art synthesis copolymers. EVALUATI ON OF EXTRACTABLES | N DI METHYL
CARBONATE General Procedure 20 ig of polynmer and 9g of dinethyl
carbonate were placed in a closed 25 m container. The contents of the

contai ner were continually agitated bg appropri ate neans whil e naintaining
t he desired In the above described proceedure for

5 determining extractables in dimethyl carbonate,
centrifugation 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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tenperature by appropriate nme m mn 24 hours. The 2 entire

contents of the container wer uumu ,I dto a centrlfuge t ube and
centri fugé‘%P?sg %“épar ate undis he ‘| i qui dPEIHSSS/0¥ES

transferréd to a suitable tared container and t he sol vent evaporated. The
residue in the container -36- was wei ghed and reported as percent by

wei ght extractabl es. The anmount of polyner extracted into_dinethyl
carbonate at 400C ¥&e ﬁiéaéﬁ?‘éd“atﬂ‘?é” yhighi PREAANGE TEIBFE &8 Copol yner s

prepared accordidi Lovantion is PRYACLL L IBIAOUR dd uheapgi o art for which

details are aval l'e are | abel ed "N'. Copol'ynmers prepared ‘according to the
met hods descr i degt ifrat lyhelpinskrs iflodkénvson are | abeled "U'. - 37

TABLE V Effect_of HEP Content, Ml ecul ar Nunber and - Uni for i ty of
Conposi tional ¥ S@Miti on on Pol yrer

1. A copolymer of vinylidene fluoride and
5 hexafluoropropylene containing a maximum of about 24
weight percent hexafluoropropylene, having solutions
of improved clarity and fluidity; for the copolymers
having up to about 8 weight percent nominal HFP
content, having weight percent extractables within
10 plus or minus 1.5% of the percent by weight
extractables calculated by an equation selected from

the group consisting of:

a) Wt.% Extractables 1.7 (HFP mole %) - 3.2, and

b) Wt.% Extractables = -1.2 + 1.5(HFP mole %) - 8 x 1076 (Mn);
15 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
copolymers of the same nominal weight percent HFP
content prepared by synthetic methods for which the
20 prior art provides details.

2. A solution of a copolymer as defined in
claim 1 in a solvent having improved sclution
clarity and fluidity.

3. A copolymer as defined in claim 1 having

25 greater than about 8 percent by weight HFP content.

4. A copolymer as defined in c¢laim 1 having
from about 2 to about 8 weight percent HFP content.

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

30 6. A copolymer of vinylidene fluoride and

) 4 2 - T e —— ___.-..-.-__..________ R

Has Been Replaced
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Di ssolution in DMC Sarrpl e Extract abl e

Conposition 5 Lot (40[err]C DMC
K2801 .. W(ﬁgs/:,s24§60000 (}45 Iﬂ‘ m ,! ﬂ ' Np&2BRdns072 4. 5
495000° 157000 ..  10.5% ' 2.1 427000 167000

3.11% N 9527 473000 150000 14. 30%

10 9529 2.8 417000 148000 9. 29% N 88
3.6 375000 138G Lucropropy kppneypggpared by, the emuksissy 188000

0. 23% U;%‘l erlzaglén of @EﬁQ@Qde@é‘%%nde ang 0. 41% U
96( Ex| ) 4090006 159000 U 15- 08
2.4 351000 14m¢)€}ifluoropronylbl% in a stlrreki QQ@@E;@)reacti.oﬁ 523000

194000 0. 41%%H1 . 433000 157000 1.61% U
A cursory exam natfon 6N f%’eﬂg ‘al | N sanpl es have hi gher |evels of

pol ymer extracted intoa20charging diomat by&c@c&nbwayhdeda guner2dshows a pl ot
of the extractables as a function of HFP content Q Two di stinct

curves ar®e outlined f@2% hexeirHoRTSREL®He it &r ifa}“%t cpper curve (N
sanpl es) shows signifigcantl ngné(gﬂer LEvEL S, Oq;'\?e%tg df S5 for a 25
t

given |l evel of HFP conpared to e U curve. asure opes for these
curves are 3% extract alsipablande HuHiBRELYDng theehNthel imiristardatd 7%
extractabl es/nol e %)HFP fggagl¥%éJdg% yHErlng 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 £ill is obtained; and
(c}) obtaining vinylidene fluoride-
15 hexafluoropropylene copolymer.
7. A process as defined in claim 6 wherein chain
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. The vinylidene fluoride hexafluoropropylene
polymer produced by claim 6.
10. A process as defined in claim 6 wherein

25 hexafluoropropylene is present at up to 48% by

weight of the first effective ratio.
11. A process as defined in claim 6 wherein
hexafluoropropylene is present at up to 24% by

ﬁeight of the second effective ratio and corresponds
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- 38 - The observed and cmcul ated % extractabl es under both the si ngl e

and dual functional nodel - H (Mﬂulﬂmm ﬂl polynmers in Table VI and for
t he :U pol WOesas82¢n Tabl e VI | Conpar i raT/ushs/oM72 %

Extractabl es of N pol yner as a functl on of *HFP content or HFP content and

vh %Extractable %Extractable % Extract abl e (rreas) _
(cal ¢ nodel cal ¢ m)del

13. 4% 10 o tHe COmPHORYs Feis ditirea 1% @3 tinit ° 10. 1% 3. 11 %
5. 7% vinylidene fluoride-hkx2¥lhér3pPopylene polymer10. 0%

10. 5% 9. 29% 7. 7% 9.7% (Model 1)W % Extractable =
2.9 (HFP nol ed§*¥est 15 (Model 2)W % Extractable = 46.4 + 1. 7(HFP

ol e % 0'0002§£bﬁﬁ'vihy§gdéne fﬂ&g¥faévhgxafluoropropylene

copolymer product having up to about 8 wt%

5 hexafluoropropylene and having weight percent
extractables within plus or minus 1.5% of the weight
percent extractables calculated by either equation

a) or b) defined in claim 1.

et Has Been Replaced
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Conpari son of "W 9 EXtractabl es of-U pol yner as a function-of HFP content

of HFP content o wﬂmt“mmmbl e % Ext ract abl e % Ext ract abl e
(.meas) (l‘ ‘ il (calc nodel 2) 5 4. 04%
2. 9%

* € 311940.923% Qubéfitate sheet - 9 Octobay. 28000. 41%
0. 88% 0.48% 0. 28% 0. 88% 1.1% 1. 11%
0. 88% . 2%, 10 . 0. 419 -0.65%
-0.50% 1. 61% Tre sibjegt gatter which appfl‘z/g%% ERBHST 2B % Extractabl e
= 1. 7(HFP nol etgir ihvAntiblels ppréhdiiaragt pilrted edt 2nd 1. 5(HFP nole% - 8
x 10-6(M1). In,the s eciiipat'on g&}cj][th'e attached clains, 15 t he
expressi on "h&VPHPtEYghit &fit F'8ct abl es within 1.5% of the percent

by wei ght extjactpbings cal cul ated by an equation selected fromthe group
consisting of: a) W% Extractable = 1. 7(HFP nole% - 3.2, and 20 b)
W % Extractabl e =1-1. 2 A gosylppprnef svpvligene fdugyidp a®fans that the

meagured val Ugeof £ WRLGRL PRI ERNEoR¥ FAGHAR! B ikfindb fRidayECE bonat e at
3

40[err]C nust be wthin 1.5 absolute percentage points fromthe extractable
val ue cal cul awetighitorpericenparadadiharom®pylene, haylipgegolipriens her equati on.

That is, if tgg Eggfgae%tSgaéggyugngffﬁéidity; for the copolymers

having up to about 8 weight percent nominal HFP

content, having weight percent excractables within
10 plus or minus 1.5% of the percent by weight

extractables calculated by an equation selected from

the group consisting of:

a) Wt.%$ Extractables 1. 7 (HFP mole %) - 3.2, and

b) Wt.% Extractables = -1.2 + 1.5(HFP mole %) - 8 x 10°%(Mn);
i5 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

copolymers of the same nominal weight percent HFP

content prepared by synthetic methods for which the
20 prior art provides details.

2. A copolymer as defined in claim 1 having
greater than about 8 percent by weight HFP content.

3. A copolymer as defined in claim 1 having
from about 2 to about 8 weight percent HFP content.
25 4, A copolymer as defined in claifn 1 having

from about 3 to about 6 weight percent HFP content. '
5. A solution of a copolymer as defined in
claim 1 in a solvent, the solution having improved solution
clarity and fluidity.
30 6. A process for the preparation of a copoiymer of
vinylidene fluoride and ’
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extractabl es by either—equation™T or 2 is 3.0 and the observed value is

between 1.5 and 4. 5%‘ ll “ “ﬁ wi thin the intended coverage val ue.
Simlarly if the ost““ ﬂ mgu j"M'O%it will be within the intended
coverage if the cal cul*at &d Val'ie 5fr 6m ei t helSubstitutesheeingeOctokan 2080 t o
9.5% In the above described proceedure for 5 det er m ni ng

extractabl es i.n _di | f. ' [ '
gg'{ng Ieolcpa bonat centrlfugatlon for thirty mnutes at

€,
1500 rpm at arfbraR X;Lene abm\bthe equlsi

_ are s enp oye8to separate the solution from
t he i nsol ubl e gEIlkneri sdnh o WE N@imtl iGendefluccifieran® hours under mechani cal
punp vacuum 10 was used to determ ne the wei %ht pof solids in the

separ at ed sol t§¥ghluoropropylens dn g sfpried aqueous reaction g pgtjtyte

sheet - 9 Oct ket ud088ngAIRisyb] ect matter which applicants regard as their

invention is particular ¥1 pointed cut and distinctly clainmed as foll ows:
(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 polymerizatiomn;

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
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 reactionm.
9. A process ag defined in claim 6 wherein
hexafluoropropylene is present at up to 48% by

~ weight of the first effective ratio.

25 10. A procesg 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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W claim 1. ° i dene fluoride and 5

hexaf | uor opr opyl ene mmﬂl E kl mum of about 24 wei ght percent

hexaf | uor opr opyl ene, ~havi ng s of inproved clarity and fluidity; for
t he copol yners having up to about 8 wei ght Bubstinhtenshaetal 9 Bicfoben2000,
havi ng wei ght percent excractables within 10 plus or mnus 1.5% of

t he percent b)éovv@hgl'go B&%tﬁ’&f%sdﬁ‘%r%ﬁl P4 %?Ll equation selected from

t he group conS|st|ng 0 ractabl'es = 7 (HFP nole % - 3.2,
and b) bl 8 x 10[err](M); 15
and for the c%’%ﬁf@ﬁ%@ rflgi\?}?rnlde Pgé u°tr gﬁo%%ﬁgeﬁ’te E/?’M? &ht percent nomi nal
HFP cont ent, haV| ngtaa DSC rrel ting point at least 2.5 err]C | ower than
copol yners of P ‘me nomi nal wei ght percent HFP content prepared by
synt heti c net hods for which the rior art provides details. 2.
A copol ymer asldef f*n‘é’dererGPSl ?ﬁ‘?‘ﬁé@l?&i‘%ﬁéﬁ‘{%‘?n—‘@b{&ﬁnﬁbout 8 percent by

ht HFP content. 3. A copolyner as defined in claim1l having from
abo 2 to abBB%YTBEWr@ﬁFC%rWeﬁ ajr®.content. 25 4. A
copolynmer as defined in claim1 having fromabout 3 to about 6 wei ght
percent HFP céAtend. vinylidane of nordde diexafd opodpropylese defi ned in claim 1
in a solvent, the solution having inproved sol ution

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.
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clarity and fluidity. 30 6. A process for the preparation of
a copol yner of vinylidene fluoride and - 42 - Substitute sheet - 9

Oct ober. 200Gyt essaid2uor opr opyl ene by the enul si on pol yner iRCATUSAN4GR
vinyl i dene fl uor.ide and hexafl uoropropylene in a stirred aqueous reaction
medi um conprising: (a) charging to a reactor: vinylidene fluoride 5

and hexaf | uoropropylene in a first efiffdctive ratio, water, a water sol uble
surfactant capable of enulsifying both the initiator and the reaction nmass
during polynerization and an initiator to start polynerization; 10

(b) feeding additional vinylidene fluoride and hexafl uoropropylene in a
second effective ratio to maintain reaction pressure until the desired
reactor fill is obtained; and (c) obtaining vinylidene fluoride is

hexaf | uor opr opyl ene copolymer. 7. A process as defined in claim®6 wherein
chain transfer agent to control nolecul ar weight is

20

16

14
» Prior art polymers for which the prior art
provides detailed synthetic methods

10
HFP, wt%
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included in the ingredients in the reaction. 8. A process as defined in
claim6 wherein 20 additional initiator is added during step (b) to
ai d :i n maWvot9aBsehg t he reaction. 9. A process as def ipgagshgiaftzai m 6
wherei n hexaftudoropropyl ene is prggent at up to 48% by wei ght of the first

effective ratio. 25 10. A process as defined in claim®6 wherein
hexaf | uor opropyl ene is present at. up to 24% by wei ght of the second
effective ratio and corresponds 43 - Substitute sheet - 9 Cctober 2000

to the conmononer ratio desired in the final vinylidene
fl uori de- hexaf | uor opropyl ene pol yner product:. 11. A vinyltdene fluoride

hexaf | uor opr opyl ene 5 pol yrrer produced by claim6. 12. A
vi nyl i dene fl uori de—h “a. toer-ppr-apy-efe—eepgtyaew product having up to
about 8 wt % hexafl uoro ro Hyl ephe gnd havijng wei ght percent extractabl es
within plus or m nus 1\5%|of {he wei-ght |10 i percent extractabl es
cal cul ated by either equatfionja) jor b)\defined}n claiml.
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