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MODIFIED POLYTETRAFLUOROETHYLENE AND AQUEQOUS DISPERSION
CONTAINING THE SAME
Field
The disclosure relates to modified polytetrafluorcethylenes and aqueous dispersions containing
them. The present disclosure further relates to their application for coating substrates and to the coated

substrates.

Background

Fluoropolymers, 1.e. polymers having a fluorinated backbone, have been nsed in a variety of
applications because of several desirable propertics including heat resistance, chemical resistance,
weatherability, etc. Particolar examples of commercial fluoropolymers inchude polytetrafluorocthylene
(PTFE); copolymers of tetrafluoroethylene (TFE) and hexafluoropropylene (HFP), also known as FEP
polymers); copalymers of TFE and perfluorcalkoxyvinyl ethers, also known as PFA polymers;
copolymer of tetrafluorocthylene and ecthviene, also known as ETFE polymers, copolymers of
tetrafhuoroethylene, hexafhuioropropylene and vinyhdene fluoride (VDF) also known as THV polymers;
and boraopolymers polyvinylidene fluoride, also known as PVDF. Polytetrafluorocthylenes with a
comonomer content of less than 1 % wit. are still considered as PTFE.

Fluoropalymer dispersions, in particular PTFE dispersions, have found wide applications as
protective and antifriction {"non-stick™) coatings. However, there is a need to provide fluoropolymer
coatings of greater transparency.

In EP 1,816,148 PTFE fine powder compositions for shaped article are reported that have an
mnproved transparency determined by their haze value. However, there s a need to provide alternative
fluoropolymers. Preferably the polymers have a good or even improved transparency. Desirably, the

polymers can be provided as stable dispersions and are suitable for creating coatings.

Summary
In one aspect of the following disclosure there is provided a modified polvictrafiuoroethyiene
(modified PTFE) containing up to 1% by weight of at least one modifier selected from unsaturated

perfluorinated allyl ethers of the general formula

CE=CF-(CF)-0-Rf

wherein RE” represents a linear or branched, cyclic or acyclic perfluorinated residue having from 1 up to
10 carbon atoms, wherein the residue is a perfluorinated alkyl residue, or a perfluorinated oxoalkyl
residue, 1.¢. an alkyl residue containing one or more catenary oxygen atoms, preferably from 1 -3

catenary oxygen atoms, and combinations thereof.
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In another aspect there is provided an aqueous dispersion comprising the modified
polytetrafluorocthylene (modified PTFE) wherein the dispersion further comprises a fluorinated
surfactant selected from a linear or branched perfluorinated or partially fluorinated alkanoic acids wherein
the atkvl residue of the acid is interrupted once or more than once by an oxygen atom but wherein the
dispersion comprises the fluorinated surfaciant in an amound of less thas 5.000 ppm and wherein the
dispersion comprises from about 1 to about 10 % wi (based on the weight of the dispersion) of one or
more aliphatic, non-flucrinated, non-ionic surfactants.

In another aspect there is provided a coated substrate obtained from the dispersion and an article
comprising the coated substrate.

In a further aspect there is provided a method of coating a substrate said method comprising

applying the dispersion to a substrate and removing the agucous phase.

Detatled Bescription

Before any embodiments of tlus disclosure are explained in detail, 1t 18 to be vnderstood that the
disclosure 1s not limited in its application to the details of construction and the arrangement of
components sct forth in the following description. The invention is capable of other embodiments and of
being practiced or of being carried out i various ways. As vsed herein, the term “a”, “an”, and “the” arc
used interchangeably and mean one or more; and “and/or” is used to mdicate one or both stated cases may
oceur, for example A and/or B includes, (A and B) and (A or B). Also herein, recitation of ranges by
endpoints includes alf numbers subsumed within that range (e.g., 1 to 10includes 1.4, 1.9, 2.33, 575,
9,98, etc.). Also herein, recitation of “at least ong” includes all numbers of one and greater (e.g., at least
2, at least 4, at least 6, at least 8, at least 10, at least 23, at least 50, at least100, eic.). Also, itisto be
understood that the phrascology and terminology used herein is for the purpose of description and should
not be regarded as limiting. Contrary 1o the use of “consisting”, which is meant to be limiting, the vse of
“including,” “containing”, “comprising,” or “having” and variations thercof is meant to be not limiting
and to encompass the iteras listed thereafter as well as additional items,

Awmounts of ingredients of a composition are indicated by % by weight {or “% wt™ or “wt %)
untless specified otherwise. The weight percentages are based on the total weight of the composition, 1.e.
the amounts of all ingredients will give 100 % wt, undess specified otherwise. If the amounis of
mngredients are identified by 9% mole the amount of all ingredients gives 100% mole unless specified
otherwise.

The fluoropolymer dispersions provided hercin allow for fluoropolymer coatings to be prepared
that have an tmproved transparency {e.g. as deternuned by % of transmittance). The dispersions have

good shear stability and filme forming properties (e.g. as determuned by the critical film thickness test),

The fluoropolyiners provided hercin are tetraftuorocthviene (TFE) based polymers. They typically

have a melting point of at least 317°C or at least 319°C or at Ieast 321°C. Typically, the polymers have a
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melting point between 320 and 330°C. Polymers with a high content of TFE-units tend to have somewhat
different melting points when bringing them to the melt, cooling them below the melting pomnt and then
re-tneiting the polvmer. Further subsequent cooling and raelting ovele do not change the maelting point.
Therefore, when referring to the melting point, the second melting point 1s meant, 1.¢. the melting point
after the maierial has been brought to melt for the first time, cooled to below the melting point and was
then molten again according to the ASTM method referred to in the experimental part.

Preferably, the tetrafluorocthylene polymers provided herein are non-meltprocessable. Typically,
they bave an MFI (372/3) of less thas 0.3 g /10 min, preferably less thas 0.1 g/10 min more preferably
ess than 0.01 g/ 10 min. The determination of the MFI has been described, for example, in DIN EN 150
12086-2: 2006-05. Polymers having an MFI of 0.3 ¢/ 10 min or greater are regarded as meltprocessable.

Preferably, the fluoropolymers arc high molecular weight polymers. Typically, they may have a
standard specific gravity (S3G) of from 2,14 and up to 2.20, preferably from 2 15 and up to 2.18 g/em?,
more preferably from 2.16 and up to 2.18 g/cm®. The 558G may be determined, for example, according to
DIN EN IS0 12086-2: 2006-03.

The fluoropolymer particles may be spherical or elongated. Elongated particles may have, for
example, a ratio of length to diameter of greater than 5 0 1. Preferably the particles approximate spheres or
are spherical. Approximate spheres are particles where the length to diameter ratio is less than 5 : 1 and
greater than 1 1, preferably less than 3 ¢ 1 and greater than 1:1. In case a particle has several lengths or
diameters, the greatest length or diameter are referred to herein as “diameter” and “length”.

The fluoropolyiners according to the present disclosure may have a transmittance of at least 35%,
preferably greater than 60%, for example between 60% and 70%, preferably even greater than 70%, more
preferably even greater than 73%, for example between 73 and 83%6. The transmittance can be determined
as described in the experimental section. The greater the transmittance the more transparent is the
polymer.

The fluoropolymers are raodified PTFE polymers. Modified PTFE polymers are casentially
homopolymers of tetraftucroethylene (TFE) but contain a small amount of one or more perfluorinated
comonomers other than TFE. The total amount of the comonomers may be up to 1% by weight. These
comononters include at least one perfluorinated cther and are also referred to herein as “modifiers”. The
amount of modifiers is up to 1 % by weight based on the total weight of the polvmer. In some
embodiments, the total amount of modificrs s from 30 to 5,000 ppm, more preferably from 100 to 3,000
ppm (based on the total weight of the polymer). In one embodiment the total amount of comonomers is
the same as the total amount of modifiers, 1.¢. the modified PTFE onldy contains the one or more modifiers

as comonomecrs.

Modifier(s):
Preferably, the at least one modifier is selected from (a) perfluorinated alkyl ethers and (b)

perfluorinated alkoxy ethers.
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Examples of perfluorinated alkyl cthers of modifier type (a) mclude allyl ethers according to the
general formula

CFy=CF-(CF)-O-Rf @,

wherein Rf is a linear or branched O, to Ty perfluorcalkyl chain (preferably C-Cs, more preferably Cs-
Ce).. Particular examples include but are not limited to perfinoromethy] ally! ether (MA1), perflnorocthy!
allyvl ether (MA2) and perfluoropropyl allyl ether (MAS), perfluorobutyl allyl ether (MA4). Particular
examples of Rr include CFs, CoFs, and C3F7 . and CyaFo, respectively.

Modifiers of type (b) are perflooro alkyl allyl ethers whose alkyl chains are interrupted once or
more than once by an oxygen aforn, {Catenary oxygen atom). They are refened to herein as perfluoninated
alkoxy allyl ethers. Examples of perfluorinated alkoxy allvl cthers (modifiers of type (b)) include

compounds according o the general formula

CFy=CF-(CF.)-0-R{ (1),

wherein RE” represents a linear or branched, cyclic or acyclic perfluonnated alkyl residue that s
interrupted once or more than one by catenary oxygen atom. Typically RI” contains from 1 to 3 catenary
oxygen atoms. RE may contaim up to 10, preferably up o 6 carbon atoms, and has at least 2 carbon
atoms. For example RE may have 3, 4, 5, 6, 7, 8 and 9 carbon atoms. Typical examples of RE wmclude
linear or branched alkyl residues containing 1, 2, 3, 4 or 5 catenary cther oxygen atoms, preferably 1 or 2
catenary oxygen atoms. Further examples of Rf” include residucs containing one or more of the following
units and combinations thereod:

(CE 0y, (CECF-0)-, (-O-CFa)-, «O-CF.CFy)-, -CFCF)0O-, -CF(CF3)-0-,

-CF(CECF33-0-; -O-CEF,CF(CF3)-.

Further examples of RE” include but are not limited to:

A CF 3 -O-CaF5,

A{CF1)-O-CoFs)

~{(CF)n-0-CF,

A(CF-0)q-CsF7,

A{CF3-O)erC2Fs,

~CFy -0 -CFs,

HCECE-0yu-CaF,

~{CF,CEF2-Oy-CoFs,

A{CFCF-0y-CF3,

wherein 11 and sl represent 1, 2, 3, 4, or 5, r2 and s2 represent 1, 2, 3, 4, 5 or 6, 3 and <3 represent 1, 2,

3,4,5, 60r 7, 11 represenis | or 2,12 and 13 represent 1, 2 or 3.



10

20

25

30

WO 2018/229659 PCT/IB2018/054263

Specific examples of suitable perfluorinated alkoxy allyl ethers include but are not limited to
FrC=CR-CFp-0-(CF2) 5-(OCF2) »-F,
F,C=CF-CF-0-CF,-(OCF;) 5-CFs,
FoC=CF-CFo-0-CF:-(OCFy) 4-CF3,
FoC=CF-CF;-0-(CF:0),-CFs,
FyC=CF-CF»-0-(CF,0)3-CFs5,
FC=CF-CF2-0-(CF20)4-CF3,
FoC=CF-CF-0-{CF))-O-(CF2)-F.
FBC=CF-CFy-0-CE-0~-(CF2)o-F,
Fy,C=CF-CF,-O-CF;-0-(CF;) +-F,
FC=CF-CFrO-CF:-O-(CF2) 4-F,

FoyC=CF-CFy-O~(CF2)-0CF; (MA21);
FC=CF-CF-O-(CF2):-0OCF; (MAZ3 1),
FlC=CHECF0-{CF O, (MA41),;

In one embodiment the at least one modifier is selected F,C=CF-CF,-O-CF,CF,CF4 (MA3);
FoU=CF-CF,-0-CF; (MA1), F,C=CF-CF,-O-CECF: (MAD), FyC=CFE-CF~O-(CF)-0-CFs (MA31) and
combinations thereof. In another embodiment the modifiers include allyl ethers having at least one
branched propylencoxy group (e.g. 8 ~(O-CF-CF(CF3))- group). Particular exammples inloude but are
not limited to CEFy=CF-CF-(O-CF,-CF(CF3))~-0-CECRyCFs (PPAE-2), CF=CF- CF-{O-CF-CF(CF3))a-
O-CF,CF,CF; (PPAE-3).

In one embodiment the modifiers mnclude, in addition to one or more ally! ethers as described one
or modifiers selected from perfluorinated alkyl vinyl ethers and/perfluorinated vinyl alkoxy ethers.

Examples of perfluorinated alkyl vinvl ethers inchide compounds according to the general forraula

CF,=CF-O-REf am,

wherein Rff is a Iimear or branched C; to Cyg perfluoroalky! chain (preferably C-Cs, more preferably Cs-

Cs). Particular examples include those where RIT is identical with Rf of formula (1)

Examples of perfluorinated vinyl alkoxy ethers include those according to the general formula (1V)

CFy=CF-O-RIff awy,

wherein RIfY ig identical with R of formula (1),

Particular examples of perflucrinated vinylethers include but are not fimited to vinyl ethers having

at least onc branched propylencoxy group (e.g. a ~{O-CF,-CF(CF3))- group). Particular exammples
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inlcude but are not limited to CF,=CF-(O-CF,-CFCEF))-O-CF,CR,CEH; (PPVE-2), CFR=CF~(0-CF,-
CECF))-O-CRCECH: (PPVE-3).

In one embodiment the modifiers are selected from corabinations of
FC=CF-CE-O-CFCROF; (MA3), BC=CF-CF-0-CF: (MAL), FC=CF-CF-0-CF,CF; (MA2Y;
FoC=CF-CF,-0-(CF1)3-0-CF; (MA31) CF=CF-(O-CF,-CF(CF))-O-CF,CF,CF: (PPVE-2), CF=CF~(O-
CH-CE(CF))-0-CFCECF: (PPVE-3), and CF.=CF-O-C;F; ( PPVE-1).

Another combination inclades the combination of one or more allyl ether as described above with
perftuoromethylvinyl ether (PMVE).

Perfluorinated comonomers as described above are either commercially available, for example
froma Aunles Litd. St. Peterburg, Russia, or can be prepared according to methods known in the art, for
example as described in EP 1 240 125 (Worm et al), EP 0130 052 (Uschold et al.), EP 1 148 041 B
(Navarint et ab), or in Moderns Fluoropolymers, J. Scheirs, Wiley 1997, p 376 - 378,

In an embodiment of the present disclosure a combination of at least two of the above modifiers is
used. The combination may be between modifiers of the same tvpe (a), of the same type (b) or
combinations of the (a) and (b) types.

In one embodiment the polymers may be core-shell polymers containing a core and at least one
shell. The core and the shell may contam different modifiers. For example the at least one shell may
contain at least one perfluore propoxy vinyl or ally] ether. In another embodiment the polymer is a core-
shell polyrmer wherein both the core and at least one shell contains a perfluoro propoxy vinyl or allyl
ether,

It 15 also possible that the core contains a combination of modifiers while the shell containg only one
modifier and vice versa.

In one embodiment the modificd polvtetrafluoroethylene polymer is a core-shell polymer and
wherein cither the core or at least one shell or the core and at feast one shell comprise at least one
rodifier sclected from F,C=CF-O-CF,-0-(CF)-F (MV 1), F2C=CF-0-CF:-O-(CF) o-F (MV 12},
FC=CF-O-CF-0-(CFy) 3-F (MV 13), F2C=CEF-O-CF-0-(CFp) 4-F (MV 14}, FoC=CF-0-(CF1)2-0OCF;
(MV 21}, FoC=CF-0-(CFy) s-0CF; (MV 31}, F2C=CF-O-{CFy) +OCF: (MV 4 1), FC=CF-CF:-0-
CERCECE (MA3), F.C=CF-CF:-O-CF; (MAY);, F.C=CF-CE-O-CF,CF; (MA2), F.C=CF-CF-0-
{CF3)3-0-CF; (MA31) CF=CF-O-CF,-CF(CF3)-0O-CF,CF,CF: (PPVE-2); CF=CF-(O-CF,~-CF(CF3)),-0-
CF,.CF,CF; (PPVE-3) and combinations thereof.

In one embodiment the modified polytetraflluoroethylene polymer is a core-shell polymer and
wherein at least one shell and the core comprises at least one modifier selected from CF.=CF-0O-CiF;
{(PPVE-1}.

The dispersion of claim | wherein the polytetrafhuorcethylene polymer is a core-shell polymer and
wherein the shell and the core comprises at least one modifier selected from CF=CF-O-CF,-CF(CF)-0-
CF,CF,CF; (PPVE-2), CFy=CF-(O-CF-CF({CF:1)-0-CF,CF,CFs (PPVE-3) and combinations thereof.

Core-shell tetrafluorocthylene polyraers are known and can be prepared, for example, as described

in EP 1,533 325 Bl and references cited therein. The polymers may also be, for example but not hmited
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thereto, random polymers, for example the polvmers may be prepared by co-feeding the comonomers
continuously or discontinuously at the same ratio, and the polymers may not be core~-shell polymers.

An advantage of the modified PTFE provided herein is that it has greater transparency. Another
advantage of the modified PTFE provided herein, other than, for example, improved transparency, is that
it may contain lower amounts of extractable perflucrinated alkanoic acids, in particular perfluorinated
alkanoic carboxylic acids and their salts having from ¥ to 14 carbon atoms. An example includes
perfluorooctancic acid, a CB-acid. Such acids appear to be generated as by -products during the
polymerization reaction using vinyvl ethers and may be found as extractables in the polymer, even if no
perfluorinated alkanoic acid has been used o the polymerization reaction. Th amounts are generally very
tow, but reducing the armacunts of extractable emulsifiers is advantageous as it provides purer polvmers
and may also facilitate or accelerate work up and purification procedures. Therefore, in one embodiment
there 1s provided a modified PTFE as described herein that has a total amouont of extractable
perfluorinated alkanoic carboxvlic acids and thewr salis of less than 200 ppb based on the amount of
polymer, preferably less than 100 ppb and more preferably less than 30 ppb, even more preferably less
than 20 ppb, wherein the perfluorinated carboxylic acids and their salt have from 8 to 14 carbon atoms
and the total amount is the swm of the amounts of these acids and their salts.

While the coating properties of perfluorinated vinyl ethers, for example film forming thickness,
transparency and gloss are good, replacing them completely or partially with ally! modifiers as described
herein may reduce the overall content of extractable perfloorinated alkanoic acids as described above.

Another advantage of the modified PTFE provided herein is that is has fewer polar end groups and
it more hydrophobic (for example as determined by contact angle measurements). This may improve the
antistick properties of the polvmer or polymer coating, On the other hand, it may reduce the adbesion to
certain substrates and lower the critical film forming thickness. Therefore, the one or more modifiers
provided herein may be combined with other modifiers or comonomers to fine tune the coating
properties.

Anocther advantage of the modified PTFE provided herein is that it contains few polar end groups (-
COOH and -COF groups). These endgroups may degrade upon thermal treatment which may negatively
impact on the optical properties of the polymer or polymer coating, in particular its transparency.
Therefore, the modified PTFE provided herein may be of greater thermal stability at least in regard o ifs

optical properties.

Functional and other comonomers:

The medified PTFE provided herein may optionally also include further comonomers other than
the modifiers described above. Suitable comonomers include the known comonomers in the production of
PTFE as known in the art. Examples include but are not limited to Cs - Cs perfluorolefing, like, but not
himited to, hexafluoropropylene (HFP) and perfhuore-n-butene (PFB).

In addition to the above modifiers minor amounts of functional comonomers may be used in the

polymerization to produce more polar groups on the polymer surface, in case thus 1s desired, for example
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to increase the low amounts of polar end groups of the modified polymer prepared without such
functional comonomers. Such functional comonomers include perfivorinated olefing with at least one

polar functional groups. Examples inciude compounds according to the general formula

CF?:CF(CF z)xmAp"Rme

wherein Reis Cl to C10 lincar or branched perfluoroalkylene residue with at least one oxygen atom, Y is
CO0O-, COOR, CN, COF, 8Os~ SOoF, SO:NR'R”, R! and R? may be the same or different and represent a
hydrocarbon group such as a C1 to C10 alkyl group, x1s 1, 2 or 3. A is (O),~(CFo)a, OCF(CF5)CFo0ra
combination thereof, yis S or Land n i 8, 1, 2 or an integer from 3 to 8 and p is 1 or an integer from 2 to
8. Specific examples inchade but are not limited to CF.=CF-O-CHRCEY, CF=CF-O-[CF:CRiY,
CFy=CFR-O-[CFCF, Y, CFy=CF-O-CFCF)YCF,O0CF,CFY with Y bemg sclected from 505-; COO-, and
COOR, for example COOCH:.

The functionalized comonomers are preferably added towards the end of the polymenzation, for
example during the last 25%, preferably the last 10% or even the last 3% of the polvmerization reaction.
The amount of functionalized comonomer 1s less than 0.5 % by weight, preferably less than 6.1 % by
weight, more preferably 0.05% by weight based on the total weight of the polymer and the amount of the
functional comonomers is adjusted to the amount of the modifiers used to ensure the total amounts of
comonomers (functional comonomers and modifiers) does not exceed 1 % wi, preferably does not exceed

(.5 % wt, most preferably does not exceed 0.3 % wt. based on the iotal weight of the fluoropolymer.

Preparation of the fluoropolvimers;

The tetrafluorocthylene copolymers are usually prepared by emulsion or suspension
polymerisation. In a suspension polymenisation the reaction mixture coaguolates and settles as soon as
stirring of the reaction mixture is discontinued. Suspension polymerisations are carried out in the absence
of emulsifiers. Usually vigorously stirring 1s required.

The polymers according to the present disclosure are preferably prepared by aquecus emulsion
polymerisation. Such polymerisations are carried out in a way that stable dispersions arc obtained and are
well known 1 the art. The dispersions remain stable after stirring of the reaction mixture has stopped for
at least 2 hours, or at least 12 hours or at least 24 hours. To generate stable dispersions one or more
fluonnated emulsifiers are employed in the aqueous emulsion polymerisation, however, preferably no
perfluorinated alkanoic acid is added to the reaction mixture. The dispersions are essentially free of
perfluorinated alkanoic acids, which means they contain no or less than 50ppm preferably less than 5 ppm
of such acids (based on the total weight of the dispersion). The fluorinated ewrulsifiers emploved in the

preparation of the polvmers described include emulsifiers of the general formula:

[ReO-L-Y X %)
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wherein L represents a lincar or branched or cyclic partially or fully fluorinated alkylene group or an
aliphatic hydrocarbon group, Ks represents a linear or branched or cychc, partially or fully fluorinated
aliphatic group or a linecar or branched partially or fully flucrinated group wterrapted with one or more
oxygen atoms, X represents a cation having the valence iand i is 1, 2 and 3 and Y represents COO or
SChs, preferably the emulsifiers are carboxylates and Y 1s COO. In case the emulsifier contains one or
more parfially fluorinated aliphatic group it is referred to as a partially fluorinated emulsifier. Preferably,
the molecular weight of the emulsifier is less than 1,000 g/mole (anionic part of the emulsifier
exchuding the weight of the cation{s) X)), more preferably less than 300 g/mole. In one embodiracnt an
emulsifier 1s used with L being a branched pertluorinated group. In another embodiment an emulsifier is
used with L being a linear partially fluorinated group. In vet another erabodiment an emudsifier is used
with L being a linear perfluorinated group.

sSpecific examples are described in, for example, US Pat. Publ 2007/0013937 (Hintzer et al.). Exemplary
emulsifiers include: CFCF,QCF,CEOCE,COOH, CHF(CF)sCOOH, CF(CF)«COOH,
CFO(CE):;OCHCF)YCOO0H, CF.CE,CHOCE,CH,OCEH,CO0H, CFRO(CF):OCHFCRCOOH,
CFO(CE:ROCE,CO0H, CR(CFR(CH.CERLCECECE,COOH, CFR{(CEFLCHACE:),COOH,
CFy{(CFpCO0H, CR(CRyn(OCFCE)CFHOCHCFNCOOH, CF(CHF )2 (OCFCFy)sOCR(CF)COOH,
CERCEOCE,CFORCECO0H, and their salts.

In one embodiment, the emulsifier mayv be added as a microemulsion with a fluorinated liquid, such
as described 1o ULS. Publ. No. 2008/0015304 (Hintzer ot aly, WO Publ. No. 2008/073251 (Hintzer et al ),
and EP Pat. No. 1245596 (Kaulbach et al .}, In another embodiment, the fluorinated emulsificr is not
added as a microemudsion. For example it may be added to the agucous phase before or while the reaction
is started and proceeds.

The fluorinated emulsifier 15 typically used in an amount of 6.01% by weight to 1% by weight
based on solids {polymer content) to be achieved. The resulting polymer dispersion is usually treated to
remove the fluorinated emuldsifiers as will be described n greater detaif below,

The agueous emulsion polymerization may be imitiated with a free radical initiator or a redox-type
initiator. Any of the koown mitiators for intiating an aquecus emulsion polyvmerization of TFE can be
used. Suitable mitiators include organic as well as inorganic initiators, although the latter are generally
preferred. Exemplary organic initiators include: organic peroxide such as bissuccinic acid peroxide,
bisglutaric acid peroxide, or tert-buty! hydroperoxide. Exemplary inorganic initiators include:
amrnonivn - alkali- or carth alkali salts of persulfates, permanganic or manganic actds, with potassivam
permanganate preferred. A persulfate inttiator, ¢.g. ammoniuwm persulfate (APS), may be used on iis own
or may be used in combination with a reducing agent. Suitable reducing agents include bisulfites such as
for example ammonium bisulfite or sodiom metabisolfite, thiosulfates such as for example ammoniom,
potassiam or sodium tnosulfate, hvdrazines, azodicarboxylates and azodicarboxyidiamide (ADA).
Further reducing agents that may be used include sodium formaldehyde sulfoxylate or flucroalkyl
sulfinates. The reducing agent typically reduces the half-iife time of the persulfate initiator. Additionally,

a metal salt catalyst such as for example copper, iron, or silver salts may be added.
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The amount of the polymerization initiator may suitably be selected to generate the desired vield
and particle sizes, but it 1s usually preferably from 2 to 600 ppm, based on the mass of water used in the
polymerisation. The MFI can also, or additionally, be adjusted by using a chain transfer agent. Typical
chain transfer agents include ethane, propanc, butane, alcohols such as ethanol or methanol or ethers bike
but not hnited to dimethyl ether, tert buty] ether, methyl tert butyl ether. Preferably, the polvmerization is
carried out with using a chain-transfer agent.

The agueous emulsion polymerization system may further comprise anxiliaries, such as buffers,
and complex-formers. k is preferred o keep the amount of auxiliaries as low as possible (o ensure a
higher colloidal stability of the polymer latex. The aqueous emulsion polymerization further comprises
the comonomers {modifiers) as described above and —if present- the functional comonomaers.

Preferably the reaction conditions and ingredients arc chosen such that the resulting fluoropolvmer
dispersion hag a particle size from 100 to 400 w, preferably 130 to 300 nm, most preferably 150 10 250
nm.

In one embodiment of the present disclosure a sceded polymenization s used to produce the
flucropalymer according to the present disclosure. A sceded polymerization invalves as a first step the
formation of seed polymer particles. The sced polymerization is known 1n the art of making
fluoropolymers and 1s described, for example, 1n U.S. Pat. No. 4,391,940 (Kuhls ¢t al.) or W03/059992
Al, or EP 1,533,325 B1. The seed particles can be prepared as described above regarding the preparation
of fluoropolymers and as recited in the above seed polymerization references. Preferably, the seed
polymerization is carried out by aqueous emulsion polymerization fo reach fluoropolyvmer particles of
average particle size 30 to 149 nun, preferably 30 to 130 mm. The fluoropolymer seed particles may form
the core of a core-shell polvmer (for examaple if the polvmer composition or polymerization speed or
polymerization conditions i the subsequent polymerization are different). The seed particles used to
make the core may have an SSG from for example 2.13 - 2.20, preferably from 2.14 - 2.19 g/om®. In one
embodiment the core of the fluoropolymer particles have a lower molecular weight than the shell(s) of the
particles. The core of the particles may have a lower 533G than the ouvter shell. In ancther embodiments
the core of the particle has a molecular weight that 1s greater than that of the outer shell or of all shells,

The fluorinated emulsifiers may be used as described above. Co-monomers may be used in the seed
polymerization as described above. Their amount 18 adapted to the amount used 1n the preparation of the
shell to limit the maximum amounts of co-monomers to the values indicated above and below. The
polymerization may then be stopped. Typically the resulting seed dispersion may be diluted, for example
by factor 2 1o 20, with water before the shell 1s polymerized onto the seed particles, which then form the
core of the core-shell particles generated in the second step. The polymerization of the shell may also be
carried out as aqueous emulsion polymerization. Initiator and — if necessary fluorinated emulsifiers- arc
added and TFE and comonomers as deseribed above may be fed to the composition during the
polymernization. The comonomer may be added contimuously till the end of the polymerization or for a
substantial amount of the polymerization, for example for at least 30% of the polvmerization fime,

referably for 75% or more preferably for 90% of the polymerization time. In one embodiment the
p 3 p ¥ poL
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modifiers are added at the end of the polymerization, for example after 50%, 75% or even 90% of the
polymerization. The weight ratio of core to shell (weight determined by TFE consumption) may be from
1:9%w01:9

In one embodiment of the present disclosure there 1s provided a method of preparing the
fluoropodymers as described hercin comprising (1) preparing a seed composition by agueous eraulsion
polymerization of TFE and one or more of the modificrs as described herein, (1) preparing a shell onto
the sced particles by agucous emulsion polymerization of TFE and at least one or more of the modifiers
as described herein wherein the total amount of modifiers does not exceed 1% by weight based on the
total weight of the fluoropolvmmer and wherein at least the preparation of the seed composition is carried
out in the presence of the flucrinated surfactanis descrbed herein and wherein the amount of fluorinated
cmulsifier does not exceed 5.000 ppm based on the total weight of the dispersion of step (i1) and,
optionally 1solating the fluoropolymer. The functional comonomers as described herein may be added in
step (11).

The agueous emulsion polymerization, whether done with or without seed particles, will preferably
be conducted at a temperature of at least 10°C, 25°C, 50°C, 75°C, or even 106°C; at most 70°C, 80°C,
90°C, 100°C, 110°C, 120°C, or even 1530°C. The polymenzation will preferably be conducted at a
pressure of at feast 0.5, 1.0, 1.5, 1.75, 2.0, or even 2.5 MPa (megaPascals); at most 2.25, 2.5, 3.0, 3.5,
3.75,4.0, or even 4.5 MPa.

Usually the aguecus emulsion polymenization is carried out by mildly stirring the agueous
polymerization mixture. The stirring conditions are controlled so that the polymer particies formed in the
agueous dispersion will not coagulate. The agueous emulsion of the present disclosure may be carried out
in a vertical kettle (or autoclave) or in a horizontal kettle. Paddle or imapeller agitators may be used. The

reaction is typically completed by interrupting the monomer feed.

Fluoropolviner Dispersions:

The agueous emulsion polymerization vsually 1s carried oot until the concentration of the polymer
particles in the resulting aqueous dispersion is at least 15, 20, 25, or even 30 % by weight; at most 20, 30,
35, 40, or even 50 % by weight (also referred to a solid content).

In the resulting dispersion, the average particle size of the polymer particles is typically from about
100 to 400 am, preferably 150 to 300 nm, most preferably 150 to 250 nm.

The dispersions are subjected to a purification step during which the amount of Qluorinated
emulsifiers is reduced. Before or afterwards, the dispersions may be upconcentrated to increase the solid
content. The fluoropolymer content in the dispersions may be mcreased by upconcentration, for example
using oltrafiltration as described, for example in US 4,369,266 or by thermal decantation {as described for
example i US 3,037 953) or by electrodecantation. The polymer content (typically expressed as “solid
conient”) of upconcentrated dispersions 1s typically about 50 to about 70% by weight.

The removal of fluorinated emulsificrs 1s carried out most conveniently by anion exchange.

Methods of removing the emuldsifiers from the dispersions by anion-exchange and addition of stabilizing
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non-ionic emulsificrs are disclosed for example in European Patent EP 1 155 055 B1. Tvpically,
dispersions subjected to a treatment of reducing the amount of fluorinated emmlsitiers contain a reduced
arnount thereof, such as for example amounts of from about 1 to about 506 ppm (or 2 to 200 ppm) based
on the total weight of the dispersion. Preferably, the dispersions are treated to have a content of
flucrinated emulsifiers of less than 100 ppm, preferably less than 50 ppo. The residual armount of the
fluorinated emulsifiers used may be from 3 to 20 ppm or from 0.5 to 5 ppm, typically those according to

formmla (V) above.

Coating compositions;

To generate shear stable coating compositions the resulting fluoropolymer dispersions may have
their content of non-fluorinated enmulsificrs adjusted to reach a total amount of stabilizing non-fluorinated
emulsifiers of from 1 to 20 % wt based on polymer content, (preferably 1o 12 % wt) or from 1 0 10%
wt. (preferably 1 1o 6 Yowt) based on the total weight of the dispersion of the non-fluorinated emulsifiers
described below. In case such emuolsifiers have been used as stabilising emulsifier during the anion
exchange and/or upconcentration step further emulsificrs of the same or of a different tvpe may be added
if necessary to reach the final desired amounts of such emulsifiers, for example to reach the desired
vigcosity transition temperature (VTT) or other propertics. The conductivity of the dispersion may be
adjusted to the fevel descnbed herein for example by adding salts and/or non-fluorinated 1onic
emolsifiers, preferably anionic emulsifiers. Examples of sach emudsifiers will be described 1a greater
detail below.

The dispersions may have a conductivity of at least 500 uS, typically between 500 uS and 5,000 uS
or between 500 and 1,300 ¢S, The desired level of conductivity of the digpersion may also be adjusted by
adding a salt thereto such as for example norganic salts including chlorides, sulfates, sulfonates,
phosphates and the like. Particular examples inclode sodium chlonde and ammonium chlonde. The level
of conductivity may also be adjusted by adding an anionic non-fluorinated surfactant to the dispersion as
disclosed in WO 03/020836. Adding cationic emulsifiers to the dispersions 1s also possible, as described
for example in WO 2006/069101.

Typical anionic non-fluorinated surfactants that may be added to the dispersions (not only to adjust
the conductivity but also to nfluence the wetting properties of the dispersions), include surfactants that
have an acid group, in particular a sulfonic or carboxylic acid group. Examples of non-fluorinated anionic
sorfactants include surfactants that have one or more anionic groups. Antonic non-fluorinated surfactants
may include in addition to one or more antonic groups, other hydrophilic groups such as polyoxyalkylence
groups having 2 to 4 carbons in the oxyalkylene group (for example, polyoxy ethylene groups). Tyvpical
non-flnorinated surfactants include anionic bydrocarbon surfactants. The term "antonic hydrocarbon
surfactants” as used herein comprises surfactants that include one or more hydrocarbon moieties in the
molecule and one or more anionic groups, 1n particular acid groups such as sulfonic, sulfuric, phosphoric
and carboxvlic acid groups and salts thereof. Examples of hydrocarbon moietics of the anionic

hydrocarbon surfactants include saturated and wosaturated abiphatic groups having for example 6 to 40
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carbon atoms, preferably 8 to 20 carbon atoms. Such aliphatic groups may be lincar or branched and may
contain cyclic groups. The hvdrocarbon moicty may also be aromatic or contain aromatic groups.
Additionally, the hydrocarbon moiety may contain one or more heterc-atoms such as for exaraple oxygen,
nitrogen and sulfur.

Particolar examples of pon-fluorinated, anionic hydrocarbon surfactants include alkyl sulfonates
such as lauryl sulfonate, alkyl sulfates such as laurvl sulfate, alkyiaryisulfonates and alkylarvisulfates, and
alkvisulfosuccinates, fatty (carboxylic) acids and salts thereof such as lavric acids and salts thercof and
phosphoric acid alkyl or alkylaryl esters and salis thereof. Commercially available andonic hydrocarbon
surfactants that can be used include those available under the trade designation Polystep Al 6 (sodium
dodecyibenzyl sulphonate) from Stepan Company, Germany, Hostapur SAS 36 (secondary alkyl
sulphonate sodium salt), Emulsogen LS (sodium lauryi sulfate) and Emulsogen EPA 1954 (mixture of C2
to C4 sodium alkyl solfates) each available from Clariant GmbH, Germany; Edenor C-12 (Lauric acid)
available from Cognis, Germany; and TRITON X-200 (sodium alkylsulfonate) available from Dow
Chemical, Midland, M1 Further suttable antonic sarfactants include the sulfosuccinates disclosed m EP
1338177 and EP 1326142, Mixtures of different antonic surfactants ray also be used. Typical amounts of
these emulsifiers may include from 6.02 to 10% wt. based on the weight of the composition, preferably
from 0.1 up to 5 Yowt. based on weight of flacropolymer, more preferably from 0.05 up to % wt. based

on weight of fluoropolymer.

Non-fluorinated non-tonic surfactants:

The coating compositions according to the present disclosure contain non-flucrinated non-ionic
surfactants. Typically, they contain these surfactants in an amount of from about 1 to 6 % weight based
on the total weight of the composition, or from 2 to 12 % wt. based on the weight of fluoropolyvmer in the
dispersion. The surfactants are non-aromatic. Suitable surfactants include those of the general formula

(VI):

RyO-{CH CHObe[RoO R V1)

wherein R, represents a linear or branched aliphatic hydrocarbon group having at least 8 carbon atoms,
preferably 8 to 18 carbon atoms. In formula (V) above R, represents an alkylene having 3 carbon atoms,
Rs represents hydrogen or a C1-C3 alkyl groop, n has a valoe of 0 10 40, m has a value of 0 1o 40 and the
sum of n+m is at lcast | and preferably o is at least 1. In a preferred embodiment, residue R1 corresponds
to (R YR IHC- wherein R and R’ are the same or different, binear, branched or cyclic alky! residues, R
is H, and m is 6. Such embodiment includes branched secondary alcohol ethoxylates. Comumercially
available non~ionic swrfactant or mixtures of non-ionic surfactants include those available from Clariant
GrabH under the trade designation GENAPOL such as GENAPOL X-080 and GENAPOL PF 40,

Brauched secondary alcohol ethoxylates are comumercially available under the trade designation
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TERGTIOL TMN from Dow Chemical Company, ¢.g. Tergitol TMN 6, Tergitol TMN 100X and Tergitol

TMN 10 from Dow Chemical Company.
Another suitable class of non-ionic non-fluorinated emulsifiers include ethoxylated amines and

amine oxides.

Further non-fluorinated, non-1onic surfactants that can be vsed nclude alkoxylated acetylenic diols,
for example ethoxylated acetylenic diols. The ethoxvlated acetylenic diols for use 1o this erabodiment
preferably have a HLB between 11 and 16. Commercially available ethoxylated acetylenic diols that may
be used include those available under the trade designation SURFYNOL from Air Producis, Allentown,
PA {for example, SURFYNOL 463). Sull further useful non-ionic surfactants mclade polysiloxane based

10 sorfactants such as those available under the trade designation Silwet L77 (Crompton Corp., Middlebury,

CT).
(Other examples of non-ionic surfactants include sugar-based surfactants, such as

alkvipolvglveosides and the like. Sugar-based surfactant contain onc or more cvclic aliphatic polyols and
comprise one or more linear or branched alky chain residuc that mayv optionally be interrupted by oxygen

atoans {ether atoms). The Unear or branched residues typically tuchude alkyl, alkoxy or polyoxy alkyl

-
W

residues and mav contain at least 6 carbon atoms or at least 8 carbon atoms and typically between 6 to 26

or 8 to 16 carbon atoms
A preferred type of sugar-based emulsifiers includes alkyl glucosides. Alkyl glucosides contain at

icast one glucose moiety. Examples of alkyl poly glucosides include compounds represented by formula
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wherein x represents 8, |, 2, 3, 4 or 5 and o represents an integer of from 6 1o 22, In case x 15 G, the cther
23 oxygen contains a hydrogen and forms a hydroxyl group.
It 1s understood that the above formula represents specific examples of alkyl poly glucosides
showing glucose in its pvranose form. Other suitable examples include, for example but are not limited to,
molecules where one or more of the hydroxy hydrogens in the above formula are substituted by alkyl,

alkvoxy or polyoxy alkyl residues. Also the repeating glucose residue in the square brackets on the left
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hand-site of formula (VII) may be replaced by other sugar moicties, which may or may not contain
further alkyl-, alkoxy or polvoxvalkyl residues. Alkyl poly ghucosides are available, for example, by acid-
catalysed reaction of glucose, starch or n-butyl glucosides with faity alcohols which typically vields a
mixture of various alkyl glucosides (Alkylpolygylcoside, Rémpp, Lexikon Chemie, Version 2.0,
Stutigart/New York, Georg Thieme Verdag, 1999). Examples of fatty alcobols include hexanol, heptanol,
octanol, nonanol, decanol, undecanol, dodecanol (Iauryl alcohol), tetradecanol, hexadecanol (cetyl
alcoholy, heptadecancl. octadecanol (steary] alcohol), eicosanoic acid and combinations thercof. Alkyl
glucosides are also commercially available under the trade designation Glucopon from Cognis GmbH,
Disseldorf, Germany.

Another class of non-ionic surfactants includes polysorbates. Polysorbates include ethoxylated,
propoxviated or alkoxylated sorbitans and may further contain linear cyclic or branched alky! residues,
such as but not limited to fatty alcchol or fatty acid residues. Useful polysorbates include those available
under the trade designation Polysorbate 20, Polysorbate 40, Polvsorbate 60 and Polysorbate 80.
Polysorbate 20, s a laurate ester of sorbitol and its anhydrides having approximately twenty moles of
ethylene oxide for each mode of sorbito] and sorbitod anbyvdrides. Polysorbate 40 (s a palnitate ester of
sorbitol and its anhydrides having approximately twenty moles of ethylene oxide for cach mole of sorbitol
and sorbitod anhydrides. Polysorbate 60 is a muxture of stearate and palmitate esters of sorbitol and its
avhydrides haviag approximately twenty moles of ethylene oxide for each mole of sorbitol and sorbitol
anhydrides.

While the fluoropolymers provided herein already have good or improved shear stability and film
forming propertics such propertics of the agueous dispersions containing them may be further improved
by the non-ionic emulsifiers employed. The dispersion properiics may be aptimized for shear stability
and/or film forming properties by choosing the type of non-ionic emulsifier and i desired combination of
non-tonic and ionic emulsifiers.

Typical amounts of non~-ionic emulsificrs include 1 to 20 % by weight (preferably 1 10 12% wt)
based on the weight of Qucropolymer in the dispersion or from 1 to 10 % wit (preferably 1 to 6% wit)
based on the total weight of the dispersion.

The dispersion may have a critical film thickness (CFT) in the test as described in the example
section of greater thas 2 pin, preferably at least Sy or more preferably greater thas 16 um. The
dispersions may have a shear stability according to the shear stability test as described i the example
section of at least one minute.

The dispersions may further contain mngredients that may be beneficial when coating or
impregnating the dispersion on a substrate, such as adhesion promoters, friction reducing agents,
coalescent agents, pigments and the like, hereinafter also referred to as “additives”. Optional components
include, for example, buffering agents and oxidizing agents as may be required or desired for the various
applications.

In many applications, the PTFE dispersions resulting afier polymerization and upconcentration are

combined with further additives or components to produce a coating composttion. Such coating
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compositions may be applicd to a substrate, for example by spray coating, roller coating, dip coating and
curtan coating.

Possible coating compositions include base coats, intermediate coats and top coats. For example, in
metal coating, in particular for coating cookware, a base coat composition may be obtained by further
blending heat resistant polymers such as polvamide tmide, polyimide or polyvaryiene sulphide with the
PTFE dispersion. Stll further ingredients such as pigments and mica particles may be added as well to
obtain a base coate composition for coating metal. Such additional components are typically dispersed in
organic solvends such as toluene, xylese or N-methvipyrrolidone. The fluoropolyieer dispersions
typically represent about 10 to 80% by weight of the coating compostition. Coating compositions for
metal coatings and componenis used therein have been described in e g WO 02/78862, WO 94/14904,
EP 22257 and US 3,489,595, Preferably, the dispersions provided herein are top coat compositions. Top
coat compositions are typically applicd to a coated substrate, typically a coated metal substrate. Typically.
the coated substrate is coaied by a composition containing one or more fluoropolymers.

The resulting polvmer dispersion can also be used to prepare digpersions with bimodal, and
muktimodal particle size distuibutions for example by mixving different dispersions. These distributions
may have a wide distribution, such as, for example, particle sizes ranging from 20 nim to 1000 nim as
disclosed 1 ¢.g. US 5,576,381, EP 0 990 009 Bl and EP 969 0535 Al. Multi-modal fluoropolymer particle
dispersions may present advantageous propertics in coatings, such as better adhesion to the substrate and
denser film formation. For exaraple, the flucropolymer dispersions may cormprise a mixture of first
fluoropolymer particles baving an average particle size of at least 180 nm in corabmation with second
fluoropolymer particles that have an average particle size of less than 180 nm, preferably an average
particle size of not more than 0.9 or not more than 0.7 times the average particle size of the first
fluoropolvmer particles (as disclosed, for example, in US 5,576,381). Bimodal or multi-modal
fluoropolymer dispersions can be conveniently obtained by blending the aqueouns fluoropolymer
dispersion of different fluoropolymer particle sizes together in the desired amounts. The flucropolymer
population may not only be bimodal or multimodal with respect to the particle sizes but may also be
bimadal or multimodal with respect to the fluoropolymers or the molecular weight of the fluoropolymers
used. For example, the first polymer having an average particle size of at least 180 nm may be a
flucropolvmer as provided herein and the second fluoropolvimer baving an average particles size that is
not more than 0.9 or not more than 8.7 times the average particle size of the first polymer may be a non-
melt processable PTEE or a melt-processable fluoropolymer, for example a PFA. Simdarly, the second
fluoropolymer may be a fluoroelastomer. Suitable dispersion of melt~-processible fluoropolymers that can
be mixed with the non-melt processable fluoropolymer dispersions include dispersions of the following
fluoropolymers: copolymers of TFE and a perfluoninated vinyl ether (PFA) and copolymers of TFE and
HEP (FEP). PFA polymers typically contain from 2 to 12% by weight of comonomers, typically
coronomers being selected from the “wmodifiers” described above. FEP polymer typically contain from
70-90 Yowt of TFE, 30-10%wt of HFP and 0-1 % wt of other perfluorinated comonomers the total

composition giving 100% wit. Such dispersions may be monomodal, bi-modal or multimoedal as disclosed
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me.g EP 990 009 Al. The dispersion provided herein may also contain one or more of the
fluoropolvmers provided herein and one or more PTFE micropowder. PTFE micropowders are PTFEs
having an S5G of greater than 2.20 g/om’.

Examples are provided to further illustrate the present disclosure. Embodiments and examples are
illostrative only and are not meant to limit the disclosure to the following particular embodiments and

examples.

List of particular embodimenis
The following list of embodiments 1s provided to further illustrate the present disclosure. There is
8o intention to imit the specific embodiments listed. Other embodiments within the scope of the clatms

may also be used.

First particular crabodiment: A modified polytetraftuorocthviene (modified PTFE) containing up to
1% by weight of at least one modifier selected from vusaturated perfluorinated allyl ethers of the gencral

formula

CF=CF-(CF)-0-RE

wherein RE represents a linear or branched, cyclhic or acyclic perfluorinated residue having from 1 up to
10 carbon atoms, wherein the residuce is a perfluorinated alkyl residue, or a perfluorinated oxoalkyl
residue, 1.¢. an alkyl residue contaiming one or more catenary oxygen atoms, preferably from 1 -3

catenary oxygen atoms, and combinations thereof.

Second particular embodiment: The modified polytetraftucrocthylene (modified PTFE) of the first
embodiment wherein the perfluorinated allvl ethers are selected from those wherein R represents a

perfluorinated alky! residoe and combinations thereof.

Third particular embodiment: The modified PTFE of the first embodiment wherein the allv] ethers
are selected frome B, C=CF-CF-O-CF; (MAL FC=CF-CF-0-CF.CF; (MAZ); F,C=CF-CF,-0-
CECRCE; (MA3), R2C=CF-CF-O-CyFy (MA4) and combinations thereof.

Fourth particular crabodiment: The modified PTFE of any one of the preceding embodiments
wherein the modified PTFE further comprises at least one modifier selected from alkyl viny! ethers of the

gencral formula

CF=CF-O-Rf

wherein Rf represents 3 linear or branched, cvelic or acyclic perfiuorinated residue having from § up {0

10 carbon atoms, wherein the residuc is a perfluorinated alkyl residue, or a perfluorinated oxoalkyl
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residue, 1.¢. an alkyl residuc containing one or more catenary oxygen atoms, preferably from -3

catenary oxygen atoms, and combinations thereof.

Fitth particular embodiment: The modified PTFE of the fourth embodiment wherein the modified
PTFE further cornprises at least one modifier selected from perdluorinated atkyl vinyl ethers selected from
FyC=CF-O-CF-0O~(CF)-F (MV 11), Fo2C=CF-0-CF,-0-(CFy) o-F (MV 12), F,C=CF-0O-CF,-O-(CFy)5-F
(MV 13), FoC=CF-0-CF-O-(CF2} o-F (MV 14), FoC=CF-0-(CF») :-OCF; (MV 21), F:C=CF-O~(CFy) 5~
OCF: (MV 31), FoC=CF-O~(CF) +-OCF3 (MV 41); CF=CF-0-C3F; (PPVE-1), CF=CF-0O-CF»-
CF(CF)-0-CF,CF.CEs (PPVE-2), CF=CF-(O-CF-CFCF))-O-CFCFRCF; (PPVE-3) and

combinations thereof,

Sixth particular embodiment: The modificd PTFE of any one of the first to fifth embodiments
having a transmission of greater than 60% when measured according to ASTM-D 1003, preferably

greater than 70%. more preferably greater than 75%.

Seventh particular embodiment: The modified PTFE of any one of the first to the sixth particular
embodiments wherein the perflooriated allyl ether content is from 50 ppm to 5.000 ppm, preferably less

than 5.000 ppm, more preferably from 100 ppra to 3,000 ppm (based on the total weight of the polymer).

Eight particlular embodiment; The modifiecd PTFE of any one of the first to the seventh particular

embodiments having a standard specific gravity from 2.14 t0 2.20 g/ cm’.

Ninth particular embodiment: The modified PTFE of any one of the first to the eighth particular
embodiment wherein the modified PTFE has an MFI (372/5) of less than 0.1 g/ 10 min, preferably less

than 0.01 g/10 vun.

Tenth particolar embodiment: The modified PTFE of any one of the first to the ninth particolar

embodiments wherein the modified PTFE has a melting point of at least 321°C.

Eleventh particular embodiment: The modificd PTFE of any one of the first to the tenth particular
embodiment having a total amouvat of extractable perfluoninated alkanoic carboxyhic acids and their salts
of less than 200 ppb based on the amount of polymer, preferably less than 100 ppb and more preferably
icas than 50 ppb, wherein the perfluorinated carboxyhic acids and their salt have from 8 o 14 carbon

atoms.

Twelfth particular embodiment: the modified PTFE of any one of the first o the eleventh particudar
embodiment wherein the modified PTFE has less than 50, preferably less than 10 -COOH and -COF end

groups per 10° carbon atoms.
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Thirteenth particular embodiment: An agueous dispersion comprising a modified
polytetralluoroethylene (modified PTFE) according to any one of the first to the tenth particular
¢nmbodiments and further comprising a fluorinated surfactant selected from a linear or branched or ¢yclic
perfluorinated or partially fluorinated atkanoic acids wherein the alkyl residue of the acid is interrupted
once or more than once by an oxygen atom but wherewn the dispersion comprises the flnorinated
surfactant i an amount of less than 5.000 ppm and wheremn the dispersion comprises from about 1 to
about 10 % wi (based on the weight of the dispersion) of one or more aliphatic, non-flucrinated, non-ionic

surfactants

Fourteenth particular embodiment: The agueous dispersion of the thirteenth particular embodiment
wherein the average particle size (BIN ISO 13321 1996} of the modified PTFE 1s from 150 na to 300

nin.

Fifteenth particular embodiment: The aqueous dispersion of the thirteenth or fourteenth particular

embodiment wherein the fluorinated emulsifier corresponds to the general formula

[Re-C-L-YRXT

wherein L represents a linear or branched, partially or fully fluorinated alkylene group or an aliphatic
hydrocarbon group, Rr represents a bnear or branched, partially or fully fluorinated aliphatic group or a
finear or brasched partially or fully fivorinated group interrupted once or more than once with oxygen
atoms, Xi represents a cation having the valence 1and 115 1, 2 and 3 and Y represents COO or 5Gs and

wherein the molecular weight of antonic part of the emulsifier is less than 1,000 g/mole.

Sixteenth particular embodiment: The dispersion of any one of the thirteenth to fifteenth particular
embodiment comprising from about 1 to about 12 % wt. (based on the weight of the dispersion) of one or

more aliphatic, non-fluorinated, non-ionic surfactant.

Seventeenth particular embodiment: The dispersion of any one of the the thirteenth to sixteenth

particular embodiments containing from 0 to 30 ppm of perfluorcatkanocic acids.

Eighteenth particular embodiment: The dispersion of any one of the thirteenth to seventeenth
particular embodiment further comprising from about 1 to about 12 % wi. (based on the weight of the
digspersion) of one or more aliphatic, non-fluorinated, non-ionic surfactants selected from (1)

stkvipolyglveosides, (i1} sorbitan esters and (i1} ethoxvlates of the general formula

RiC-[CHCH O} [RoOm-Rs
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wherein K represents a binear or branched aliphatic hydrocarbon group having at least & carbon atoms,
preferably 8 to 18 carbon atorus, Ry represents an alkylene having 3 carbon atoms, Rs represents hydrogen
or a C1-C3 ally! group, 1 has a value of 1 to 40 and m has a value of 0 to 40 and wherein the groups

denoted by n and m can be arranged at random or in blocks.

Ningteenth particular embodiment: The dispersion of any one of the thirteenth to eighteenth
embodiment being a coating composition and forther comprising at least one additional polvmer other

than the modified PTFE.

Twentieth particular embodiment: The dispersion of any one of the thirtcenth to nineteenth
particular embodiment being a coating composition and further comprising at least one additional
polymer other than the modified PTFE wherein the at least onc additional polymer is selected from
perfluorinated polymers having an MFI of at least 6.3 g/ 10 nun, from polyamide imides, polyiides and

combinations or blends thercof

Twenty-first particular embodiment: A coated substrate obtained from the dispersion of any one of

the thirteenth to twenticth particular embodiment.

Twenty-second particular embodiment; An article comprising a coated subsirate obtained with the

dispersion of any onc of the thirteenth to twentieth particular embodiment.

Twenty-third particular embodiment: A method of coating a substrate said method comprising
applying the dispersion of any one of the thurteenth to twentieth particular embodiment to a substrate and

removing the aqueous phase.

Exampies and Methods

The following abbreviations are used in thig section: mL=mlliliters, g=grams, mmHg=millimeters
of mercury, min=minutes, hk=hours, NMR=nuclear maguetic resonance, ppn=parts per rmllion, rt. =
room temperature, mol = moles, mmol = milbmoles, °C = degrecs Celsius, MHz = Megahertz,
Determination of Solid Content

The solid content was determined gravimetrically according to DIN EN ISO 12086-2 : 2006-03,

Correction for non-volatile inorganic salts was not considered.

Particle size;
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Particle size of the PTFE particles was determined by photon correlation spectroscopy according to
DIN ISO 13321 1996 using a Malvern 1000 HAS Zetasizer. The average particle size reported is the

harmonic intensity-averaged diameter (Z- average).

Shear stability test

150 g dispersion, thermostated at 20 °C, were put into a 250 mL standard glass beaker of an inner
diameter of 65 mm. The agitation head (S 25 N — 25 3y of an Ultra Torrax T25, supplied by Janke &
Kunkel, was immersed in the center of the beaker such that the end of the head was 7 mm above the
beaker bottom. The Ultra Turrax was switched on a revolution speed of 8000 rpm. Agitation rendered the
surface of the dispersion “turbulent” or “wavy”. 10 seconds after the Tureax bas started 2.0 g xvlene were
added within less than 10 s to the agitated dispersion. Time measurement started with the addition of
xylene was complete and was stopped when the surface of the agitated dispersion no longer showed
visible turbulence. The surface “freezes” or smoothes due to coagulation. Coagulation was accompanied
by a distinct change of sound of the Ultra Turrax. In case that the “surface freezing” could not be clearly
observed duc to foam formation Bme measurement was stopped within the onset of the change of sound.
Reported shear stability values in the examples are the average of 3 measurements. Observed
reprodocibility was 10 %. The shear stability is expressed as the time from the complete addition of

xylene il coagulation was observed.

Standard specific gravity (S5G)

The standard specific gravity {S8G) was measured by the water displacement method according to

DIN EN IS0 12086-2: 2006-05,

The transmission was measured according to ASTM D 10032 using a direct reading haze meter, (the
trapsparency meter “haze-gard plus”, from BYK-Garduer GmbH, Geretsried, Germany, serial namber
111156). Samples were prepared as follows: The dispersion was precipitated by adding 1 litre of
digpersion nto a 2L beaker and mixang it with 20 ml of concentrated hydrochloric acid at a stirving speed
of 800 rpm and agglomerated by adding 10 md of gasoline (Shelisol 80-110). The precipitate was washed
with distilled water and dried in a rotary evaporator at 90°C at reduced pressure. The dried agglomerates
were then dried in a vacuum oven at 210°C for 16 h. 10 g of the precipitate were sieved through a 2 mm
sieve and then compressed in a 4-stations press (350 bar, 5 min holding time) into a sheet having a
diameter of 80 mm. This sheet was sintered as follows: heating from room temperature to 290 °C at the
maximom heating rate. Then the sample was heated from 290 °C 1o 380 °C at a heating rate of 120 °C per
hour and holding the temperatare of 380 °C for 30 min before cooling the sample down (o a temperature
of 294 °C at a cooling rate of 60 °C per hour after which the oven was switched off and the samples were
allowed to reach room temperature. The haze meter indicates transmission values (in per cent) of the

samples.
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Critical filim thickness (CTH):

A 200ml mi beaker was filled with the dispersion. Foam, if present, was removed by a pipetie. A
degreased aluminum test plate (200 x 40 x 1 mm; degreasing by rinsing with acetone), was imumersed into
the dispersion for 10 seconds and then hung at a plate holder at an angle of 20° and dried at ambient
conditions for 3 minutes. The test saraple was then put v an overn kept at 380°C for 10 mirwites. The
ahmunum plate was then taken out of the oven and allowed to cool down at ambient conditions to reach
room temperature. The plate wag then examined by an optical microscope (100 x maguification) for the
formation of cracks. The thickness of the layer formed on the alumumm plate was determined (using a
MiniTest 3100 from ElektroPhysik Dr. Steingroever GrabH& Co. KG, Cologne, Germany). The procedure
was repeated untif cracks were visible. The thickness of the laver before cracks have appeared is detormined

as critical film thickness. The results reported were the average from two measurements.

The determination of the melting poiat by DSC has been described, for example, in DIN EN ISO
12086-2 ; 2006-05,

Melt flow mmdex (MFT):
The determination of the MFT can be carried out as described, for example, 1 DIN EN 150 12086-

2. 2006~03, For an MFI (372/5) the measurement femperature 18 372°C and the load 15 5 kg

Conductivity:

Conductivity was measured with the 712 Conductometer, supplicd by Metrohm AG. In case that
the conductivity of the upconcentrated dispersions was fess than 1000 uS/cm, agueous ammonium sulfate

solution (1 %) was added to adjust the conductivity to about 1000 uS/em.

Amounts of flyorinated emulsfiers:

Extractables:

For an effective extraction of flucrinated emulsifiers from solid polymer samples, the particle size
of the polvmer sample should be less than 250 pm. Samples with larger particles should be ground before
the extraction. Samples from aqueous dispersions or latexes are freeze-dried to remove water.

The fing-graimed material is spiked with a methanolic surrogate recovery standard (SRS) “C4-PFOA
(perfluorooctanoic acid having 4 of its carbon atoms replaced by “C isotopes) solution at a concentration
of 25 ppb based on polvmer mass and allowed to dry. The dried, spiked polvmer material is treated with
methanol (1 g polymer + 3 ml methanol, 16 h @ 230 rpm and 50°C) to extract fluorinated acids. The extract
is cendrifuged (~10 mis @ 4400 o) sed an aliguot of the supernatant was transferred into g Zud
autosampler vial. The extract is analyzed for fluorinated acids with reversed phase HPLC coupled with a

triple quadrapole mass spectrometer (.. Agilent 6460 or AB Sciex AP 3000 QO(-MS) 1n negative
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Multiple Reaction Mode (MREM) using analyte typical fransifions, e.g. m/z 413 > 369 for PFOA
{perfluorinated octanoic acid). The HPLC (Agilent 1200) is equipped with an Agilent C18 column (Zorbax
Eclipse XDB-C18 4.6x530nun 1.8 wm) and run in gradient mode with high purity water and methanol @
50°C, both liquids were LC-MS grade and modified with 10 mmol ammonium acetate (gradient 15%
MeOH > 100% MeOH). The analytes are quantified using equivalent or simntlar isotope labelied internal
standards (e.g. "Ce-PFOA as internal standard for PFOA} in a calibration range of 0.5 — 200 ng/ml analyte
in methanohc extract, resulling in a lower kevel of quantification (LLOQ) related to polymer of 1.5 ppb and
an wpper lmit of guantification (ULOQ) of 600 ppb. Analvies with concentrations higher than ULOQ are
diluted with methanol into the calibration range and the analvsis is repeated. Emulsifier content for other
acids salts can be obtained in an analogue way.

Emulsifier content of aqueous dispersions, ¢.g. after work up and purifications, typically used for
emulsifiers other than perfluorinated alkanoic acids can be analyzed as hoown in the art, for example by
head space gas chromatography by converting the salts to methanol esters (addition of methanol).
Reference solution from the pure acids are used as standards. This method allows for the determination

of g levels down to abowt 1 - 5 ppm.

The total amount of -COOH and ~COF groups in the polymer can be determined by FTIR
spectrometry as described in EP-A-226 668, A filin is used having a thickness of 0.1 nun that 1s prepared
at 350 °C. As reference a film prepared in the same way made of a matenial with known amounts (for
example known to have no end groups) is used. A Nicolet Magna 560 FTIR-spectrommeter may be used.

The total amount includes the isolated and associated groups.

Examples
Comparative example 1

A flucropolymer dispersion was prepared by agueous emulsion polvmerization using seed
polymerization and a partially fluorinated emulsifier to produce a PTFE having an HFP-modified PTFE
seed and 3 homopolymer PTFE shell. Total amount of HFP was fess than 1.0 % by weight. The dispersion
was subjected to anion-exchange using GENAPOL X 089 as stabilising emulsifier to reduce the content
of fuorinated emuldsifier to about Tppm. The dispersion was upconcentrated by ultrafiftration to a sohd
content of 38%, Particle size was 215 v (Z-average), S5G was between 2.14 and 2.18, MFI (372/5) of
less than 0.3 g/ 10 man and the melting point was greater than 217°C. Content of GENAPQOL X 089 was

3.0% based on solid.

Cowmparative Example 2
A fluoropolymer dispersion was prepared by seed polymerization to produce a PPVE-1 modified

PTFE seed and a PPVE-1 modified shell. Total amount of modifiers was less than 1.0 % wt. The
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dispersion was subjected to the same anion-cxchange treatment as comparative example 1 using
GENAPOL X 080 as stabilising emulsifier to reduce the content of fluorinated emulsifier to about { ppm.
The dispersion was upeoncentrated as described in comparative example 1. Solid content was 38%,
particle size was 259 nm, MFI (372/5) of less than 0.3 g/ 10 nun and S5 was between 2.14 and 2.18 and
the melting point was greater than 217°C. The GENAPOL content was 3.0% wi. based on polyrmer
content,

Both dispersions were sabjected to shear stability and critical film thickness tests. The visual
appearance of the polymer in the dispersion was carried out on the coagulated polvmer as described

above and measured as transmittance. The results are shown in table 1.

Comparative Example

I

Comparative Example

2

Transmittance [Yo} 66 45
Shear  stability of | 1.6 0.22
dispersion

[min]

CFT {um] 12 10

Table 1. Comparison between dispersion and modified polymer and polymer dispersions according to

example 1 with the polymer and polymer dispersion of comparative example 1.

Comparative examples 3 to 5:

Two digpersions were prepared with different comonomer content analogue to comparative
example 2 and with properties sirntlar to those of the dispersion of comparative example 2. The dispersion
was upeoncentrated to 60% solid content. Films were coated from the dispersions and the resulting films
were measured for their gloss. The polymer according to comparative example 3 had a content of 0.05 wt
% of PPVE-~1 while the polymer of comparative example 4 had a PPVE-1 content of 0.03 wt%. Both
dispersions had a transmuttance of greater than 60%. In comparative example 5, a polymer was prepared
similar to comparative example 1 using no PPVE as comonomer but HFP instead. The film prepared from

comparative example 2 was also analyzed for its gloss.

PPVE content Gloss valoe
Comparative Example 3 .05 24
Comparative Example 4 0.03 16
Comparative example 3 0.0 28
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These examples show that comonomers with low cther modifier content have a reduced gloss compared

to a non-cther comonomer.

Exsmple T

A PTFE dispersion modified with MA-3 (0.2 wt % of MA-3 (CF=CF-CF,-0-C5F7)) was prepared
by aqueous emulsion polymerization at 40°C using KMnOs-1mtiator in the presence of a partially
fluorinated emwlsifier at TFE-pressure of 15bar. The resulting latex bad a solid content of 22.0% and the
average polvmer particle size was 110 nm. The latex was subjected to amon-exchange using GENEAPOL
X 080 as stabilizing emulsifier to reduce the content of the fluorinated enmwlsificr to about 1 ppm as
described in comparative example 1. The modified PTFE had an 55G of 2.173 g/cm®, an MFI (372/5) of
iessthan .3 g/ 10 min, and the melting point was greater than 321°C. The transmission was 80.0%.

The dispersion was tested for its stability (Turrax test) and had a shear stability of greater than 1.6 min.
Critical film thickness was less than 10 pm.

The allyl cther modified PTFE obtained in example I was also submitied to an adhesion test on an
alumisum substrate (pressing polymer on alominum substrates and measuring force (o separate polymer
fror the alurminars substrate). The polymer of example 1 had much lower adhesion than PPVE-modified
PTFEs tested. Ths is an indication that the allyl cther modified PTFEs was very hydrophoebic and had
very few polar end groups. PPVE-modified PTFEs have been found to have Iess than 200 but more than
50 polar end groups. This indicates that the amount of polar end groups ((COCH, -COF) of the modified
PTFEs provided herein may be less than 50, for example less than 25 or even less than 10 per 10° carbon

atoms.
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CLAIMS

to

L

A modified polytetraftuoroethylene (modified PTFE) containing up to 1% by weight of at

least one modificr selecied from vosaturated perfluorinated allvl ethers of the general formula

CF=CF-(CF)-0-RE

wherein R represents a lincar or branched, cyvclic or acyclic perfluorinated residuc having from
1 up to 10 carbon atoms, whercin the residue is a perfluorinated alkyl residue, or a perfluoninated
oxoalkyl residue, 1.¢. an alky! residue containing one or more catenary oxygen atoms, preferably

fromn 1 - 3 catenary oxvgen atorns, and combinations thereof.

The modificd polytetrafluoroethylene (modified PTFE) of claim | wherein the perfluornated
allvi cthers arc sclected from those wheremn R represents a perfluorinated alkyvl residue and

combinations thereof,

The mdofied PTFE of claim 1 wherein the allyl ethers are selected from FoC=CF-CF:-O-CF;
(MA1), FyC=CF-CF,-O-CF.CF; (MA2), FrC=CF-CF,~0-CF,CF,CF; (MA3), F2C=CF-CF,-0O-

CsFy (MA4) and combinations thereof.

The modified PTFE of any one claims 1 to 3 wherein the modified PTFE further comprises at one

modifier selected from alkyl vinyvl ethers of the gencral formula

CF=CF-O-Rf

wherein Rf represents a linear or branched, cyelic or acyclic perfluorinated residue having from 1
up to 10 carbon atoms, wherein the residue 18 a perfhiorinated alkyl residue, or a perfluorinated
oxoalkyl residue, 1.¢. an alky! residue containing one or more catenary oxygen atoms, preferably

from 1 - 3 catenary oxygen atoras, and combinations thereof.

The modified PTFE of any one of claims 1 to 3 wherein wherein the modified PTFE further
comprises at one modifier selected from perfluoninated alkyl vinyl ethers selected from FC=CF-
O-CH-O~(CEFD-F (MY 11D, FolC=CF-O-CF:-O-(CEy) o~ F (MY 12}, FoC=CF-0-CFy-O-(CFa) 5-F
(MV 13), FoC=CF-O-CF,-0-(CFy) o-F (MV 14), F.C=CF-0-(CF,) ,-OCF; (MV 21). F,C=CF-O-
(CF2)3-OCF; (MV 31), FoC=CF-0-(CF») +-OCF3, (MV 41); CF=CF-0-C;F; (PPVE-1), CF:=CF-
O-CF-CFCEF)-0-CF.CFCF; (PPVE-2); CFy=CF-{O-CF;-CF(CF3))-O-CFCF,CF; (PPVE-3)

and combinations thercof.
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The modificd PTFE of any one of claums §-5 having a transmission of greater than 60% when
measured according to ASTM-D 1003, preferably greater than 70%, more preferably greater than

75%.

The modified PTFE of any one of claims 1-6 wherein the perfluonnated allyl ether content is

from 50 1o 5,000, preferably from 100 to 3,000 ppm (based on the total weight of the polymer).

An agueous dispersion comprising a modified polvictralluorocthyiene (modified PTFE)
containing up to 1% by weight of at least one modifier selected from umsaturated perfluorinated

alivl ethers of the general formula

CFZ:CF"(CFQ) -0 -R{”

wherein RE represents a hinear or branched, cyclic or acyclic perfhuorinated residue having from
1 up to 10 carbon atoms, wherein the residue is a perfluorinated alkyl residue, or a perfiuorinated
oxoalkyl residue, 1.e. an alkyv] residue containing one or more catenary oxygen atoms, preferably
from 1 - 3 catenary oxygen atoms, and combinations thercof, wherein the dispersion further
comprisc a fluorinated surfactant selecied from a lincar or branched perfluorinaied or partially
fluorinated alkanoic acids wherein the alkyl residue of the acid is interrupted once or more than
once by an oxvgen atom but wherein the dispersion comprises the fluorinated surfactant in an
amount of less than 3.000 ppm and wherein the dispersion comprises from about 1 to about 10 %
wit {based on the weight of the dispersion) of one or more aliphatic, noo-fluorinated, non-tonic

surfactants.

The agueous dispersion of claim 8 wherein the perfluorinated ally! ethers are selected from those

wherein R represents a perfluorinated alkyl residue and combinations thereof.
The aqueous dispersion of claim 8 wherein the allyl ethers are selected from F.C=CF-CF:-0-CF;
(MA1), FyC=CF-CF,-O-CF.CF; (MA2), FrC=CF-CF,~0-CF,CF,CF; (MA3), F2C=CF-CF,-0O-

CsFy (MA4) and combinations thereof.

The agueous disperison of claim 8 wherein the modified PTFE further comprises at one modifier

selected from alkyvl vinyl ethers of the general formula

CF=CF-O-Rf

wherein Rf represents a Huear or branched, cychic or acvelic perfluorinated residue having from 1

up to 10 carbon atoms, wherein the residue is a perfhuorinated alkyl residue, or a perfluorinated



WO 2018/229659 PCT/IB2018/054263

13

i4.

16.

28

oxoalkyl residue, 1.¢. an alky! residue containing one or more catenary oxygen atoms, preferably

from 1 - 3 catenary oxygen atoms, and combinations thereof.

. The aqueous dispersion of any one of claims 8 to 11 wherein the modified PTFE further

comprises at one modifier selected from perfluoninated alkyl vinyl ethers selected from FC=CF-
O-CF-O~(CED-F (MV 11D, F,C=CF-O-CF:-O-(CFy) 2-F (MV 12), F.C=CF-0-CF,-0~(CF.) 5-F
(MV 13), FoC=CF-O-CF2-0-(CFy) o-F (MV 14), F2C=CF-0-(CFy) ,-OCF; (MV 21), F,C=CF-O-
(CF2)3-OCF; (MV 31), FoC=CF-0-(CF,) +-OCF; (MV 41}, CF=CF-0-C:F; (PPVE-1), CF=CF-
O-CF-CRCE:)-O-CER.CRCE; (PPVE-2), CF =CF-{O-CF-CF(CE)p-0-CHCEF,CE; (PPVE-3)

and combinations thercof.

The agueous dispersion of any one of claims 8 to 12 wherein the modified PTFE has a
transnussion of greater than 60% when measured according to ASTM-D 1003, preferably greater

than 70%, more preferably greater than 75%.

The agueous dispersion of any one of claims B 1o 13 wherein the perfluorinated allyl ether content

1s from 50 to 5,000, preferably 100 to 3,000 ppm (based on the total weight of the polymer).

. A coated substrate obtained from the dispersion of any one of claims 8 1o 14

An article comprising a coated substrate obtained with the dispersion of any one of claims 8 (o
14,

. Method of coating a subsirate said method comprising applying the dispersion of any one of

claims 1 to 14 {0 a substrate and removing the agueous phase.
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