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FEP WITH INCREASED FLEXURAL FATIGUE STRENGTH
AND A LOW LEVEL OF HE DEPOSITS

Description

‘The invention relates to melt pracessible flvoropolymer compositions, in particular
compasitions that comprise a melt processible fluarapslymer comprising repeating units derived
from tetralluoroeihylene (TFE) and hexalluoropropylene (HFPY. Such copolymers arc called
“FRp,

FEP tluorapolyiners have been knowa for a long time (US-A-2 948 763), and are commercially
available. FEP flroropalymers are perfluorinated thermoplastic fluoropelymers that have
cxcellent heat resistance and cheimical resistance. FEP fluorapolymers also have a low
diss"{pa(ion factor (EP-A-423 995). Duw to ali of these properiies FEP polymers are of interest
for use as an insnfating material for cable-wire insulation, in particular for what are known az
plenum wire cables, used for example in LANs (local area networks). The processing specds for
produciny insulating plenum cables are very high. FEP palymers that can be used in producing
such plenum cables are therefore generally those which permit processing at high shear rates

withour lass of the necessary mechanical properties.

FEP polymers which have a broad mo.lal‘ mass distribution ensure relatively fast processing at
relatively high shear rates (DE-A-26 13 795, 1-A-26 (3 642, IP-A-88 414, FP-A-362 868).
Modification with ancther comonomer (DE-A-27 10 501, EP-A-75 312), such as perfluore vinyl
ethers, yields retention of the necessary mechanical properties. To generate high exirusion
speeds while retaining a smooth melt surface, rucleating agents are often added to the polymeric
materials to suppress, and/or shifl the accurrence of “shark skin™ (melt surface instability, giving,

araugh surface) to higher shear rates(US-A-5 688 437).

Hesides the formation of “shark skin” at Ligh shear rate, the tendency of perflucrinated
thermaoplastics to Totr dic doposits has to be considered. These die deposits are processing
condition dependent, imd take effect in different ways. In fast extrusion procedures, such as
cable-wire insulation, large acoumulations of die deposits separate (rom the die and cause break-
off af the melt cone and thus interruption of the praduction, and also interruption of the

contimious cable, High processing temperatures promote die deposits, and af these temperatures

JP 2004-502853 A 2004.1.29
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he FEP praduets decumposs more rapidly, as becomes apparent through discoloration and
toleculer degradation. This thennal instability is atiributable to unstable end groups, HFP diads
in the matn palymer chain (EP-A-150 953} and metal contamination. The decomposition
reaction ofthe thermally unstable end groups has been described in “Modern Fluaropolymers™,
Ed. John Scheirs, Wiley & Sons 1997, page 228, For this reason thermally unstable end groups,
including COCH, CONL; and COF groups, are preferably converted indo thermally stable end
groups by fluorinaiion (GB-A-1 210 794, BP-A-150 953, BP-A-222 9435) or by a stabilization
process in the presetice of water vapor {DE-A-26 13 793, DE-A-26 13 642). The amounts of die
deposits can be minimized by preparing FEP materials with stable end groups, combined with
high parity with respect ro metal ions-and narrow wolecular weight distriburion (German Patent
Application 199 03 657.8 of Ianuary 26, 1929, corresponding to PCT/BP8/00528 of Fanuary
24, 2000). However, this kigh purity is accompanied with increased puritication costs, and a

sarvose mofecular wefght disribution, which further pramotes the onset of “shark skin™.

When FEP polymers are melt sxtruded, high extrusion speeds incrsase deposits on the die.
These deposits, known as die deposits, accurnulate as time passes arct break away from the die
when they reach a particular size. This results in daraage to the final prochuct or, in the case of
break-off of the melt, to intenruption of production with other serious consequences. Afier a
break-off praduction has fo be interrupted until & new cable has been threaded into the dic. The
bregk-off also limits the longth of the cable, thus producing unnecessary waste material i the
twisting of a number of cables of dilferent length. Die depesits of this type are therefore
regular]y removed from the die during processing, but this removal is almost impossible during
high-speed processing, suck as cable-wice insulation, and particalarly in this application it had (o
be accepted that frequent break-offs of the melt cone would aceur.

The present inventors have found ihat it would thus be desirable to reduce the number of tinxes a
el cone breaks off in the extrusion of FOP polymers, in particular at high speed. Prefersbly,
this problem is solved without sacrificing the resalting mechanical praperties. Desirably, the
mechanicui properties of the FEP polymers are further improved.

In uccordunce with the preseat invention there is provided a melt-processible perfluctinated
polyimer compasition eomprising

a} a mel-processible perfluoropalyiner comprising

JP 2004-502853 A 2004.1.29
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(1) from 80 te 98% by weight of repeating units derived from tetrafluorcethylens,
(if) from 2 to 20% by weight of repeating unils derived from hexallusropropylene,
and
(iii} {from 0 to §% by weight of repeating units dertved fram farther comonomers
otherthen letrafluotoethylene and hexalluoropropylene,
and whereln the proportion by weight of the repeating units derfved from
hexafluoropropylene units is yeater than that of the repealing units af said further
coruononters, and

by from 0.01 to 5% by weight, based on perilucropolyiner a), of a high-molceutar-
welght perfluorinated polymer with a melting point at least 20°C above that of the

tluoropalymer a}.

‘The invention further provides a methad of producing the above melt-processible composition,
the use thereof in melt-gxtrusion, in particular to extruds insulation around a wire to produce an
electrical cable. "The invention also relates 10 an electrical cable having the melt-processible

¢oniposition as an insulation.

The inventors have recognized that the astual problem is oot the die deposit itself bul excessive
accumulation of the same and the release of relatively lurge accumulations, which fnally leads

to break-off of the meit cone during wire coating.

A mixture of the aforementioned melt-processible perfluoropelymer with a small propoction of a
high-melting, i.e haviog a bigher melting point tha the oxelt-processibie perfluoropolymer, aned
bigi-molecular-weight fluoropolymer, i.c. having a higher molecular weight than the mell-
processible perfluoropolymer, performs guite ditterent]y than known FEP melt-processiblc
pesfluoropolymers. Under the same conditions, 1here is very little accumulation of e die
deposits which form, since they regularly break away from the die at very sbort intervals,
Without intending to be bound by any theory, it is believed that a possible reason for this is the
presence of minor non-uniformitics in the melht, which may be branght ahnut by the high-
muoiecular-weight, hipher-melting fluotopolymer which entrains the dis deposits. The use of the
mixture of the melt-processible perflupropulymsr with the higher-melting, higher meleenlar

weight perfluorapalymer for high-speed cable-wire sheathing, for example pleauin svire

JP 2004-502853 A 2004.1.29
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production, may reduce by a factor of 5 the number of break-olth observed of the melt cone.

This ensures continuous production with fower interruptions to production and langer cablgs.

The melt-processible composition of the invention generally also permits an improvement in

mechanical properties in comparizsen with prior art TP polymers.

Fer exampls the flaxural fatigue strensth (“flex life”) af the melt-procestible composition of this
invention is often many rimes greater than that of keewn FEP copolymer producis with the sae
melt flov: index (MFT). In the art, high fexural fatigue sirengths of FEP products have hitherta
been achicved by modification with perflucre alkyl vinyl ethers (PAVES), However, the dipole
mament of PAVE3 and the high dissipation factor associated with this makes these materials

disadhvaniageovs, particularly for high-frequency cable applications.

The melt-processible perfleorinated polymer compasition according ‘to the invention, may
achieve comparabie flexural fatigue properties without the need for any modification wiih

PAVEs. Ol course, it desired modification with PAVEs may be utilized to further improve
flexural fatigue strength and elongaiion at break at high temperatures.

In accardance with the present invention, the melt-processible perfluorinated polymer
composition comprises a melt-pracessitle perflusrepolymer comprising from 80 fo 28% by
weight of repeating units derived (rom TTE, hetween 2 and 20% by weight, preferably between
7 and 1% by weight of repeating units dertved from HEP and belween {f and 5% by weight of
further comonomers other than TFE and HFP and wherein the propertion by welght of the TIFP
derived repeaiing units is larger than that of the repeating units derived fron: the further
comonomers. Suitable further comenomers include PAVEs. Exumples of suitable PAVE
monomers include those corresponding Lo the formula:
CP=CF-0-Ry m
wherein Ryrepresents a perfluorinated aliphatic group that may conlain one or more oxygen
atoms. Preferably, the perfluoroviny! ethers cormespond tu the general formuia:
CFz=CEO(RO}y (R4 R"s an
wherein Rpand R'pare ditferent linear or branched perflucroalkylene yroups of 2-6 carbon

atoms, m and i are independently 0-10, and R"ris a perfluaroalkyl group of 1-6 carbon atoms.

JP 2004-502853 A 2004.1.29
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Exarnples of per lluaroviny) ethers aceording to the above toanulas inchude pectluora-Z-
propoxyprapylvinyl ether, per(uoro-3-methoxy-n-propylvinyl ether, perfluore-2-methoxy-
ethylvinyl ether, perflucromethylvinyl ether (PMVE), perfluoro-n-prapylvinyl ether and
Cly~(CF3)-0-CF(CFy}- CF3-0-CF(CP3)-CFa-0-CEF=CT,.

Prefecably, the meit-processible perfiuoropolymer of the melt-processihle perfluorinated
polymer composition has a meit flow index (MFL) i3 grams per 10 minytes (g/ 10 min) ot mare
than 0.5, preferably at least 2, more preferably at least 5 when measured ar 372°C at 4 load of §
kg. The melting point of the melt-processible perfluoropalymer is penerally 234 to 280°C,
preferably 240 to 270°C.

The melt-processible perfluorinated palyimer composition further contains from 0.04% by
weight to 5% by weight, preferably 0.03 10 0.3% bascd on the weight of the melt-processible
perilucrepoiymer of a high-molecular weight, higher meling perfluoropolymer. The higher
melting per{luotopolymer typically hias a melting pewt of at [east 207C above, preferably at feast
30°C, and more preferably at least 40°C ahove the melting point of the mett-processible
perfluorapolyimer. The higher mckting petrfluoropolymer that is contained in the composition as
aminor component, typically will have g M measured af 372°C aud with 2 load of 3kg of not
more than 0.5. Prefersbly, the higher melting perflvoropalymer will have a melting puint of at
least 270°C, preferably at least 290°C. Exammples of suitable higher melting perflugropolymers

include copolymers of THE and PAVES, ¢.g. as mentioned above.

Tn a preferred embodiment, the perflucropolymers of {he melt-processible composition of ihe
invention will have fewer than 70, in garticular fewer than 5, thermally unstabie end groups per
108 carbon atoms. Themnaily unstable snd groups include COOH, COMNH, and COF groups.
These can be readily converted into more stable end groups through fluprination as ¢isclosed in
OR-A-1 210 794, EP-A-138 953 ar P-A~222 9435 or by a stabilization process in the presence
of water vapor as disclosed in TDE-A-26 13 795 or DE-A-28 13 642.

The fluotopolymers constituting the meli-processible composition'of the invention may be
prepared by any of the kuown pelyinerization methods ineluding agueous or nonaqueous

polymerization,

JP 2004-502853 A 2004.1.29
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The melt processible compositions may be prepared by mixing tee melt processibls
perfluoropolymer and the high meleeular weight, higher melling parfluoropalymer. Tn
particular, the composttion can be prepared by mixing the dispersions of the respective
perfluoropolymers or allematively, the composition can be prepared through seed
pulymerization or core-shell polymerization. For example, in a seed polymerization, tie higher
melting, high molecular weight perfluoropolymer may be used as a seed in an agueous emulsion
polymerization for making the melt processible perfluoropolymer. As a result of such a seed
polymerization, a melt-processible composition sccording to the invention can be directly
obtained. Similarly, in a cors shell palymerization, the high molecular weight perfluoropolymer
may be polymerized in the lirst stuge ol the polymerization and in a subsequent stage of the
polymerization, 1he compasition of the polymerivation system may he changed te produce the
mett-processible perfluoropelymer. Again, a melt-processible somposition according to the

invention may thus be directly obtained.

The melt-processible compasition is partisularly suitable for producing electricel cables whersin
the camposition of the invention serves as an insulator. Cables with & low dissipation factor may
be produced, and such cablies are thus particutarly suitable for high-frequency applications (e.g.
100MHz to 18KGHZ) us for example with plenum wire cables, coaxial cables for transmitting for
example a television signal and “twisled paic” cables. To produce an electrical cable, the melt-
pracessible composition of the invention is typically extruded around a central conductor. To
produce a coaxial cable, an outer conduetive clooment, for example, a metallic foil, a woven or
braided composite wire or a drawn aluminum, copper or other meiallic tube may be provided
areund the insulated cable. Typically, this outer conductive eiement will be encascd in turther
protective insulation. Twisted patr cablos are similar io soaxial cables in that a centval
conductor is sucrounded by a low-loss insulation, except that a plarality, typicalfy twa, of such

conductars are twisted fogelher.
Aunalytical methods:
The content ol perfluorinated comanomars {(US-A-4 (120 868, USA-A-d 552 925) and the

oumber ol end groups (EP-A-228 668, US-A-3 085 023} arc determined by IR speotroscopy.
Tor this, a Nieolet Magna 560 FTIR is utilized. The total number of unstable end groups is

JP 2004-502853 A 2004.1.29
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cajculated from the number of isolated aud bonded COOH groups, CONH; groups and COF

groups, The fotal number of these #nd groups is in all cases given below.

The MFL gives the amount of a mzlt in grams per 10 min which is extruded tronm a holding
eylinder through a die by the action of 4 piston loaded with weighfs. The dimensions v die,
piston, bolding cylinder and weights are standardized (DIM 33735, ASTM D-1238). All of the
MFLs mentioned here have been measured with a die measuring 2.1 mm In diemeter and § mm

in lenzth, ustug a superimposed weight of 3 kg and a temperature of 372°C.

The exural fatigue sirength (“flex 1ife”) fests wore carried out using a madei 956, po. 102
device from Frank, built in 1987, Strips of film having a width 13 mm, a thickness of 0.3 mm,
and a length of at least 100 mm were tested. Adhesive strips were used to hold 2 film semple of
aboul DIN AS size to the drum of a film cutter, a draw-knife system was put in place, and the
cutting drum was roluted to produce strips at the preset kaife separation. The strips of flm were
elamped into the serew clamps of fhe Nexural tatipue (Frank) device and loaded witlt a
suspended weight of 1529.6 ¢ The strips of film were flexed in the upparatus theough an angle
af 90° in both directions at a folding frequency of 234 double flexures por mirute until factore
ocemted. A counter on the device recorded the number of double flexures until fracture. The
flexural fatigue strength, or flex fife, of a matwrial was the average number of double flexures

uritil faflure for three samples.

The examples helow deseribe the invention in mare detail. Percentages and ratios are based on

weight unjess otherwiss stated.
Comparative Example §

25 L of demineralized water and [22 g of ammanium perflucranctannate in the form ofa 30%
strengih solution were charged to a polymerization reactor whose totel capacity was 4011,
provided with an impeller stircer. Once the reactor had been sealed, alternating evacuation and
nittogen-fiushing were used 1o remave atmospheric oxygen, and the vessel was heated ta 70°C.

After an evacuation stage, 11.0 bar of 1iFF were pumped ir. ‘The stirrer rate was set to 240 rpm.

JP 2004-502853 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

ElH

(18)

WO 004560 PCTIUSOTAZ062Z0

TFE was then introduced unti] ihe total pressure had reached 170 bar, The polymerization was
initiated by pumping in 33 g of aminaniun peroxedisulfate fleremafter APS), dissolved in 10
nl of demineralized water. As soon g5 the pressure began te fall, supplementary gaseous TFE

and HIFI were added with wn HFPATEE {eed ratio of (.11 to maintain the fotal pressure at

17.0 bar. ‘The heat penerated way dissipated by coaling the vessel wall, keeping the temperature
conglant at 70°C. After a total of 7.2 kg of TFE had been fed into the reactor the monomer feed

was stopped, the pressure in the reactar released, and the reactor flushed sevaral times with Ny,

The resultant 31.5 kg of polvmer dispersion with a solids content of 22.8% were discharged at
the base of the reactor. The dispersion was transferred to a 180 L precipitation vessel and made
up to 100 L with demineralized water, mixed with 200 mb of cuncentraled hydrachloric acid
and stirred until the solid bad scparated from the aqueous phase. The flocculant powder
precipitated was granuluted with 6.2 L of petroleun spirit, and the petrolevm spirit was driven
off using sream. The product was then washed six times, cach time with 100 1. of demineralized
water, with vigorous strring. The moist powder was dried for 12 bours in a drying cabinet under
aitrogen at 200°C. Thix gave 7.] kg of a copolymer which had an EIFP content of 15%, #
melting point of 252°C and an MEL of 24,

The product was suhjected o melt granulation and then 3 kg of product were charged to & 4 1,
fruorination reactor. During beating 1o 200°C, alrernating evacuation and ntifrogen-flushing were
used to remove atmoespheric oxygen and moisture. The reactor was then filfed with a [2/Nz
mixture comprisiog 20% of Fy. The reacfiun ran tor 5 hours, and the Fo/Na ntix{ure was renewed
aller each hour. During cosling Fom 200°C to room temperature, allernating evacuation and
aitrogen-fushing was used o remove unconverted fluoriae. The resultant product bad onty 11

remaining thermally unstzble end groups per 10° carbon atams,
Comparative Crample 2

The procedure was similar to that of Comparative Example 1, oxecpt that 8 bar of HFP were
pumped in after the evacuation and 10 g of APS were employed, and the HFP/TFE feed ratio
was 3.7, The resultant praduet had an HFF content of §.9%, a melting point of 301°C and an
MEFL of 0.01.
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Example 1

.2% of the dispersion of Comparative Example 2, based on solids, were added into the
dispersion of a product from Comparative Example 1, and the materials were then worked vp
together as described in Comparative Example [. The resultant product had an MFI o123 and

fad 7 remaining thermally unstable end groups per 10° curbon atoms.
Example 2

Alter 30 h of unning time, the occurrence of melt cone break-off using the product from
Example 1 at very high take—o/T speeds and high die wmperatres and screw rolation rates was
reduced by a (actar of' 5 over that of & comparable FEP copolymer producl from Comparative
Cxample 1, This was altributable to redoced aceumulation of die deposils,

Extrudst. 43 mm, I/T) 30:1 with mixing hcad

Die: 0.965 om

Mandrel: 0.558 cm

Copper wire: 0,053 em

Insulation: 0.0175 em

Table 1t

Cable extrusion with products from Example 1 and Comparative Exanple 1

) Example 1 Comparative
A Dremper

| MFI{/ 10 min) 23 24 R

Copper wire temperature (*C) h 190 790 o

Cone length {em) FA 5l

Die teraperature (°C) 404 404

Screw rotation rate {rpm) 42.5 425

Take-off spead {rnting 611 611

Melt cone break-off after 30 h of running ] 5

time _

Ed
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Cowmparative Lxamgple 3

Tolymerization and work-up took place as described in Comparative Example 1, but to produce
a lower MIFLonly 12 g of APS were used. The resuitant praduct had an MUL of 6.9, a melting
point of 256°C, HFP conient of 14% and 4 thermalfy instable end groups per 10° carbon atoms.

Comparative Example 4

Palymerization and work-up toak plase as deseribed in Comparative Example 1, but to produce
a lower MFE only 12 g of APS were uscd, and the inftial charge of HEP was reduced to 10.5 bar,
and perfluoro n-propyl vinyl ether (PFVE]) was also fed at a PPVESTEE feed ratio of 0.01. The
tesultant praduct had an MFL of 7.4, u melting point of 234°C, HFP content of [3.1%, FFVE
content oF (1.9% und 7 thennadly unstable end growps per 10 carbon atoms.

Example 3

A dispersion product from Comparative Example 3 was mined with 0.2% (based on solids) of
the dispersion product from Comparative Example 2 with fts M¥] af 0.01, and the materials
wers worked up togetier, as deseribed in Comparative Example 1. The resultant product had an

MITof 6.8 and 3 remaining thermally unstable end groups per 10° carbon-atoras.

The products trom Comparative Exampies 3 and 4 were comparcd for flexural fatigus streagth
with the product [rom Example 3. The product trom Example 2 showed an improvement by a
factor of 4 in flexural faligue hehavior over a standard FEF copolymer of Comparative Bxample
3, and had also been improved over the PPVL-modified BEP material from Compararive

Example 4.

Table 2

Comparison of Dexural fatiguc strenaths

- C}cles prior to facture ]
Enample 3 46000
[Eomparative Example 3 11000 - B
“Comparative Example 4 | o0 - T —[
S10-

JP 2004-502853 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

-

20

25

34

(21)

WO 004560 PCTIUSOTAZ062Z0

Claims

A melt-processible perfluorinated polymer composition comprising

2)  a mell-processible pertlnoropolymer comprising
(i) from 80 to 98% by weizhi of repeating units derived from tetrafluoroethylene,
(if) from 2 to 20% by weight of repeating units derived trom hexafluornpropylene,
and
(iii} from 0 o 3% by weight of repeating units derived from further comonomers
other thanr fetrafiucrocthylene and hexafluoropropylene,

and wherein the proportion by weight of the repeating units derived from

hexafluoropropylene units is preater than that of the repeating units of said farther
COMoNamers, and
b} from G0 (o 5% by weight, based on perfluctopelymer a), of a Righ-nelecnlar-
weight perfluorioaied polymer with a melting poin{ at least 20°C zbove that of the
flugropolymer a}.

A melt-processable compesition as claimead in elaim 1, wherein the molting point of the

perflucrinated polymer b) is at (easi 30°C, preferably movre than 40°C, ubove the melting ’

point af the perfluoropolymer a).

A melt-processable composition as claimed in clajm 1 or 2, wherein the perfluorinaied

polymer b} has a melting point above 270°C, proferably above 290°C.

A melt-processable compaosition ag claimed in one or mare of claims 1 to 3, wherein the
perflucringted polymer b) has an MFL{372/5} < 0.5,

A melt-precessable compasition as claimed in one or more of claims 1 o 4, wherein the
perfluoropolymers a) and b) have fewer than 70 thermally unstable end groups per 10°

carbon stoms.
A meli-processable composition as eluimed in one ot more of claims 1 to 3, wherein the
proportion of hexafluoropropylene in the perfluoropolymer &) is from 7 to 16% by

weight.

S0 -
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A process for preparing a meit-processable covposition as claimed in one or mare of
ciaims 1 to 6, which comprises fonning a mixwre of said perfluarinated palymer b) with
said perfluaropelymer &) in such propartion that said perfluovinated polymer by is
contained in said mixture in an zmount of 0.01 to 5% by weight, based an

perfiuoropolymer a).
The process as claimed 3o claim 7, wherein said mixoe iz formed by mixing &
dispersion of seid perfluarinated polymer b} with a dispersion of said perfluoropolymer

a), by seed polymerization ar by core-shell pofymerization.

A pracess for preducing &n efectrical cable, which comprises extruding, around & wirg, u

melt-processible composition ag cleimed in one or mate of claims | to 4.

The use of a melt-processahle composition as claimed in any of claims ] to 6 for

processing by extrusion.

‘Ihe use of a melt-pracessable composition as clairocd in an._v of claims 1 to 6 for

producing insnlation for electrical cables.
Electrical cabls comprising as an insulation, the compaosilion of any of claims [ to 6.

Electrical cable according to claim (2 wherein said vable is a plenum wire cahle.

LA
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