08/060463 A1 | I 0 000 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T OO O

International Bureau

(43) International Publication Date
22 May 2008 (22.05.2008)

(10) International Publication Number

WO 2008/060463 Al

(51) International Patent Classification:
CO8F 14/18 (2006.01)

(21) International Application Number:
PCT/US2007/023642

(22) International Filing Date:
9 November 2007 (09.11.2007)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:

60/858,008 9 November 2006 (09.11.2006) US

(71) Applicant (for all designated States except US): E. 1. DU
PONT DE NEMOURS AND COMPANY [US/US]; 1007
Market Street, Wilmington, Delaware 19898 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): BROTHERS,
Paul, Douglas [US/US]; 112 Millbrook Drive, Chadds
Ford, Pennsylvania 19317 (US). GANGAL, Subash,
Vishnu [US/US]; 134 South Colts Neck Way, Hockessin,
Delaware 19707 (US).

(74) Agent: HENDRICKSON, John, S.; E. L. du Pont de
Nemours and Company, Legal Patent Records Center,
4417 Lancaster Pike, Wilmington, Delaware 19805 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(54) Title: AQUEOUS POLYMERIZATION OF FLUORINATED MONOMERS USING POLYMERIZATION AGENT COM-
PRISING FLUOROPOLYETHER ACID OR SALT AND HYDROCARBON SURFACTANT

& (57) Abstract: A process for polymerizing at least one fluorinated monomer in an aqueous medium in the presence of initiator and
polymerization agent to form an aqueous dispersion of particles of fluoropolymer having a fluoropolymers solids content of at least
about 10% by weight. The polymerization agent is a combination of fluoropolyether acid or salt thereof and hydrocarbon surfactant.
The aqueous medium contains less than about 300 ppm of perfluoroalkane carboxylic acid or salt fluorosurfactants. The process is
preferably performed without adding polymer seed prior to polymerization kick-off.



WO 2008/060463 PCT/US2007/023642

10

15

20

25

30

~TITLE OF INVENTION
AQUEOUS POLYMERIZATION OF FLUORINATED MONOMERS USING
POLYMERIZATION AGENT COMPRISING ‘
FLUOROPOLYETHER ACID OR SALT AND
"HYDROCARBON SURFACTANT:

FIELD OF THE INVENTION

Th|s mventlon relates to a process for the dlsperS|on

ponmerlzatlon of fluorinated monomers in an‘aqueous polymerization
medium. '
BACKGROUND OF THE INVENTION

A typical process for the adueous dispersion polymerization of

fluorinated monomers includes feeding fluorinated monomer to a heated

reactor containing a fluorosurfactant and deionized water. Paraffin wax is

employed in the reactor as a stabilizer for some polymerizations, e.g.,

_ polytetraﬂuoroethylene (PTFE) hom'opolymers. A free-radical initiator

solution is employed and, as the polymerization proceeds, additional
fluorinated monomer is added to maintain the pressure. A chain transfer
agent is employed in thé polymerization of some polymers, e.g., melt-

processible TFE copolymers to control melt viscosity. After several hours,

- the feeds are stopped, the reactor is vented and purged with nitrogen, and

the raw dispersion in the vessel is transferred to a cooling or holding
vessel.” |

| For use in fluoropolymer coating applications, polymer
dispersion is typically transferred to a dispersion concentration operation

WhICh produces stabilized dispersions used as coatings for metals, glass

“and fabric. Certain grades of PTFE dispersion are made for the

-productlon of fine powder. For this use, the dispersion is coagulated, the

aqueous medium is removed and the PTFE is dried to produce fine
powder. Melt-processible fluoropolymers for molding resin use are also
coagulated and dried and then processed into a convenient form such as

flake, chip or pellet for use in subsequent melt-processing operations.
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As descrlbed in U.S. Patent 3,391,099 to Punderson
dispersion polymerization involves two generally distinct periods or

phases. The initial period of the reaction is a nucleation phase in which a
‘given number of polymerization sites or nuclei are established.
‘,Subsequently, there occurs a growth phase in which polymerization of

fluorinated monomer on established particles occurs with little or no
formation _of new particles. Successful production of the high solids

3 quoropolymer dispersion generally requires the presence of the

ﬂuorosurfactant especrally in the later growth phase of polymerrzatlon in

~ order to stablhze the dlsperS|on preventing coagulation of the

' fluoropolymer partrcles

~-Fluorosurfactants used in the polymerizetion are usually
anionic, non-telogenlc soluble i in water and stable to reaction conditions.
The most widely used quorosurfactants are perfluoroalkane carboxylic
acids and salts as drsclosed in U.S. Patent 2 ,559,752 to Berry. Because
of recent_envrronmental concerns with regard to perfluoroalkane carboxylic

- acids and salts, there is interest |n reducing or eliminating perfluoroalkane -

,carbo)'(ylic acid surfactants in fluoropolymer polymerization processes.'
Perfluoroether carboxylic acids and salts are disclosed in U.S.

o Patent 3,271,341 to Garrison, U.S. Patent 3,391,099 to‘Punderson and

25

30

35

US 2005/0090613 to Maruya for use in the aqueous polymerization of
ﬂuorinated monomers. U.S. Patent 4,864,006 to Gianettt et'él. discloses
the po|ymerizetio‘n of fluorinated monomers in the preserrce ofa
perfluoropolyether having neutral end groups, a perfluoropolyether oil, in
the form of an aqueous microemulsion. The aqueous microemulsion can

be prepared 1using a perfluoropolyether having carboxylic end groups or

~ cationic end groups. Examples in US 2005/00906 to Maruya et al.

demonstrate the use of perfluoroether carboxylic acids and salts in

- producing TFE cepolymers by producing polymer seed particles and

subsequently completing the polymerization. In U.S. 6,395,848 to Morgan
et al., aqueous dispersion ponmerization of fluorinated monomers is
improved by using a combination of fluorosurfactants, one of which is a

perfluoropolyether carboxylic acid or sulfonic acid or salt of either.
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. " BRIEF SUMMARY OF INVENTION _
It has been discovered that a ponmerizatioh agent comprising

a fluoropolyether acid or salt and hydrocarbon surfactant provides an

 effective polymerizatiOn agent for use in the manufacture of

- fluoropolymers. The process of the present invention, even when using

Iimited quantities of pblymerization agent unexpectedly produces aqueous
fluoropolymer dlspersmn with good solids content with low amounts of
undlspersed polymer without the use of perfluoroalkane carboxylic amd
surfactants

: The present invent_ion provides a process for polymerizing at

least one fluorinated monomer in an aqueous medium in the presence of

initiator and polymerization agent comprising fluoropolyether acid or salt
thereof é‘nd hydrocarbon surfactant to form an aqueous dispersiontof :
barticles of ﬂuoré’polymér having a fluoropolymers solids content of at
least about 10% by Weight. The aqueous medium contains less than
about 300 ppm of perfluoroalkane carboxylic acid or salt fluorosurfactants.
Ih a pteferred embodiment, the process is performed such that the |
polymerization medium is substahtially free of fluoropolymer seed at
polymer|zat|on kick-off.

- The process preferably includes a polymenzatlon agent which

compri'ses a major amount by weight of fluoropolyether acid or salt thereof

~and a minor amount by weight of hydrocarbon surfactant. In preferred

'émbodiments, the fluoropolyether acid or salt thereof is a perfluoroether

acid or salt thereof, the acid groups are selected from carboxylic acid,
Sutfonic acid, artd phosphonic acid, and the number average molecular
weight of the fluoropolyether acid or salt thereof is about 800 to about
3500 g/mol, more preferébly about 1000 to about 2500.

" In one preferred embodiment of the present invention,
substantially all of the polymerization agent is added to the aqueous
mediurh prior to polymerization, for example, charging the reactor with a
single addition of polymerization agent. In another preferred embodiment
ot the invention, the aqueous medium is substantially free of

perﬂuoropolyether oils.
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- DETAILED DESCRIPTION OF THE INVENTION

Fluoropolymer

Fluoropolymer dispersions forme‘d.by this invention are
comprised of particles of fluoropolymer made from at least one fluorinated

monomer, i.e., wherein at least one of the monomers contains fluorine,

: preferabiy an olefinic monomer with at least one fluorine or a perfluoroalky!

group attached to a doubly-bonded carbon. The fluoropolymers can be
h_omopolyrhers of one fluorinated monomer or copolymers of two or more
monomers, at least one of which is fluorinated. The fluorinated monomer

© used in the process of this invention is preferably independently selected

from the grbup consisting of tetrafluoroethylene (TFE),

- hexafluoropropylene (HFP), chldrotriﬂuoroethylene (CTFE),

15 "~ trifluoroethylene, he’xaﬂubroisobutylene, perfluoroalkyl ethylene,

fluoroviny! ethers, vinyl fluoride (VF), vinylidene fluoride (VF2), perfluoro-
2,2-dimethyl-1 ,v3'-'di'oxo|e (PDD) and perfIuoro-2-methylene-4-methyl-1 ,3-
didxolane (F_’MD), A preférred pérfluorbalkyl ethylene mondmer is
perfluorobutyl ethylene (PFBE). Preferred fluorovinyl ethers include
perﬂudro(allkyl vinyl ether) monomers (PAVE) such as perfluoro(propyl

» vinyl ether) (PPVE), perfluoro(ethyl vinyl ether) (PEVE), and
, perfluoro(methyl vinyl ether) (PMVE). Non-fluorinated olefinic

comonomers such as ethylene and propylene can be copolymerlzed with
fluorinated monomers. ’
Fluorovinyl ethers also include those useful for introducing

functlonallty into fluoropolymers. These include CF,=CF-(O-CF,CFR),—

O—CFzCFRf802F, wherein Rf and R'f-are independently selected from F,
Cl or a perfluorinated alkyl group having 1 to 10 carbon atoms, a =0, 1 or

2. Polymers of this type are disclosed in U.S. Patent No. 3,282,875

(CF2=CF—O—CF20F(CF3)—O—CF2CF2802F, perfluoro(3,6-dioxa-4-methyl-

- 7-octenesulfonyl fluoride)), and in U.S. Patent Nos. 4,358,545 and

4,940,525 (CF,=CF-O~CF,CF,SO.F). Another example is CF,=CF-O-
CF5—CF(CF3)-0O-CF,CF,CO,CH3;, methyl ester of perfluoro(4,7-dioxa-5-

" methyl-8-nonenecarboxylic acid), disclosed in U.S. Patent No. 4,552,631.

Similar fluorovinyl ethers with functionality of nitrile, hydroxyl, cyanate,

4
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carbamate and phosphonic acid are dlsclosed in U.S. Patent Nos.

5,637,748 6,300,445, and 6,177,196.

The invention is especially useful when producing dlspersmns
of melt proceSS|ble fluoropolymers. By melt-processible, it i is meant that

‘the polymer can be processed in the molten state (i.e., fabricated from the

melt into‘ shaped articles such as films, fibers, and tubes etc. that exhibit
sufficient strength and teughhess to be useful for their intended purpose).
Examples of such’ melt-processible'quoroponmers include homopolymers
such as po‘lychIorotrifluoroethylene or copolymers of tetrafluoroethylene
(TFE) and at least one fluorinated copolymerizable monomer

'(comohomer) present in the polymer usually in sufficient amount to reduce

- the melting point of the copolymer substantially below that of TFE

homopolymer, polytetrafluoroethylene (PTFE), e.g., to a melting

'temperature no greater than 315°C..

A melt-processible TFE copolymer typically incorporate an

-amount of comonomer into the copolymer in order to provide a copolymer
‘which has a melt flow rate (MFR) of about 1-100 g/10 min as measured

according to ASTM D-1238 at the temperature which is standard for the
specific copolymer. Preferably, the melt viscosity is at least about 10

~ Pas, more preferably, will range from about 10% Pa-s to about 10° Pa-s,

most preferably about 10°to about 10° Pass measured at 372°C by the

- method of ASTM D-1238 modified as described in U.S. Patent 4,380,618.
~ Additional melt—processible fluoropolymers are the copolymers of ethylene

or propylene with TFE or CTFE, notably ETFE, ECTFE and PCTFE.

A preferred melt-processible copolymer for use in the practice
of the present invention comprises at Ieaet about 40-98 mol% | |
fetrafludroethylene units and about 2-60 mol% of at least one other
monomer. Preferred ‘comonomers with TFE are perfluoroolefin having 3 to _
8 carbon atoms, such as hexafluoropropylene (HFP), and/or
perfluoro(alkyl vmyl ether) (PAVE) in which the linear or branched alky!

~ group contains 1 to 5 carbon atoms. Preferred PAVE monomers are
. those in which the alkyl group contains 1, 2, 3 or 4 carbon atoms, and the
‘copolymer can be made using several PAVE monomers. Preferred TFE

copelymers include FEP (TFE/HFP copolymer), PFA (TFE/PAVE

5
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eopolymer), TFE/HFP/PAVE Wh_erein PAVE is PEVE and/or PPVE, MFA
(TFE/PMVE/PAVE wherein the a_lkyl group of PAVE has at least two
carbon atoms) and THV (TFE/HFP/VF2).

" The invention is also useful when producing dispersions of
polytetraﬂuoroethylene (PTFE) including modified PTFE. PTFE and
modified PTFE typically have a ‘melt creep viscosity of at least 1 x 10B

‘ Paos and, with such high meit viscosity, the polymer does not flow

| .éigniﬁcahtly' in the molten state and therefore is not a melt-processible

polymer. quytetraflbuoroethylene (PTFE) refers to the polymerized

- tetrafluoroethyle‘ne by itself without any significant comonomer present.

Modified PTFE refers to copblymere of TFE with such small
concentrations of comonomer that the melting point of the resultant
polymer is not substantially reduced below that of PTFE. The

concentration of such comonomer is preferably less than 1 weight %,

- more preferably less than 0.5 weight %. A minimum amount of at least
- about 0.05 wt% is preferably used to have significant effect. The modified
" PTFE containing a small amount of comonomer modifier has improved -

~ film forming capability during baking (fusing). Suitable comonomers

include perfluoroolefin, notably hexafluoropropylene (HFP) or
perfluoro(alky! vinyl ether) (PAVE), where the alkyl group contains 1 to 5
carbon atoms, with perfluoro(ethyl vinyl ether) (PEVE) and |

‘perﬂuoro(propyl vmyl ether) (PPVE) being preferred.

Chlorotrlﬂuoroethylene (CTFE), perfluorobutyl ethylene (PFBE), or other

' monomer that introduces bulky side groups into the molecule may also be

used. |
| - Further useful polymers are film forming polymers of
polyvinylidene fluoride (PVDF) and copolymers of vinylidene fluoride as
well as polyvinyl fluoride (PVF) and copolymérs of vinyl fluoride.

Fluoropolyether Acid or Salt

One component of the polymerization agent combination used

in the practlce of the present invention is a fluoropolyether acid or salt

thereof. -Preferably, the fluoropolyether is a perfluoropolyether acid or salt
thereof. The acid groups of the fluoropolyether acid or salt thereof

6
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. preférably are acid groups sélected from carboxylic acid, sulfonic acid,

phosphonic acid. ’ Inlpreferred embodiments, the acid group of the

fluoropolyether acid or salt there is carboxylic acid. Preferably, the

fluoropolyether acid is employed as a salt, most preferably, an ammonium

salt. _

Preferred perfluoropolyether (PFPE) acids or salts thereof for
use in accordance with the present invention can have any chain structure
in which oxygen atoms in the backbone of the molecule are separated by

saturated fluorocarbon groups having 1-3 carbon atoms. More than one

-type of fluorocarbon group may be present in the molecule.

‘Representative structures have the repeat unit

| (CFCFeCF20), ()
(-CI;Q-CFZ-CFZ-O-)n _- | n

B (CFrCFrO)(CFa0)m (i)
(-CFz-CFCFg-O-)n-(-CFg-O-)m (V)

These structures are discussed by Kasai in J. Appl. Polymer Sci. 57, 797
(1995). As disclosed therein, such PFPE can have a carboxylic acid

. group or salt thereof at one end or at both ends. Similarly, such PFPE

may have a sulfonic acid or phosphonic acid group or salt thereof at one

_end or both ends. In addition, PFPE with acid functionality at both ends

may have a different group at each end. For monofunctibnal PFPE, the

~other end of the molecule is usually perfluorinated but may contain a

hyd'_rogen or chlorine atom. PFPE having an acid group at one or both

ends for use in the present inventioh has at least 2 ether oxygens,

preferably at least 4 ether oxygens, and even more preferably at least 6

ether oxygens. Preferably, at least one of the fluorocarbon groups
separating ether oxygens, and more preferably at least two of such
fluorocarbon groups, has 2 or 3 carbon atoms. Even more preferably, at

IeaSt 50% of the fluorocarbon groups separating ether oxygens have 2 or

7
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carbon atoms, e.g., the minimum value of n or n+m in the above repeat

unit structures is at least 3. More than one PFPE having an acid group at
one or both ends can be used in a process in accordance with the

invention. Typically, unless extraordinary care is employed to

_manufacture a single specifié PFPE compound, the PFPE may contain

multiple compounds in varying proportions within a molecular weight range
about the average molecular weight. |

The fluoropolyether acid or salt thereof has an average |
molecular weight which enables it to function in combination with

- hydrocarbon surfactant as a polymefization agentin a procéss in

accordance with the present invention. The number average molecular
weight of the quoroponether acid or salt preferably is greater than about -
500 g/mbl but less than about 6000 g/mo! because fluoropolyether acids

~ or salt with very high molecular weights generally are difficult to

dissolve/disperse in the aqueous polymerization medium. More

'preferabl'y, the fluorOpoIYether acid or salt thereof employed in accordance

“with the invention has an number average molecular weight of about 800

to about 3500 g/mol, more preferably about 1000 to about 2500, most

 preferably about 1200 to about 2000.

Hydrocarbon Surfactant

The other component of the polymerization agent combination

used in the process of this invention is a hydrocarbon surfactant. Suitable

.- hydrocarbon surfactants may be nonionic, cationic, or anionic.

30

35

In one preferred embodiment the hydrocarbon surfactant is a

nonionic hydrocarbon surfactant. Nonionic surfactants include

: polyoxyethylene alkyl ethers, polyoxyethylene alkyl phenyl ethers,

polyoxyethylene alkyl esters, sorbitan alkyl esters, polyoxyethylene
sorbitan alkyl esters, glycerol esters, their derivatives and the like. More
specifically examples of polyoxyethylene alkyl ethers are polyoxyethylene
lauryl ether, polyoxyethylene cetyl ether, polyoxyethylene steary! ether,
polyoxyethylene oleyl ether, polyoxyethylene behenyl ether and the like;
examples of polyoxyethylene alkyl phenyl ethers are polyoxyethylene

8
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nonyl phenyl ether, polyoxyethylene octyl phenyl ether and the like;
examp!esv of polyoxyethylene alkyl esters are polyethylene glycol

monolaurylate, polyethylene glycol mqhooleate, polyethylene glycol

‘monostearate and the like; examples of sorbitan alkyl esters are

polyoxyethylene sorbitan monolaurylate, polybxyethylené‘ sorbitan
rhbnopalmitate, polyoxyethylene sorbitan monostearate, polyoxyethylene
sorbitan monooleate and the like; examples of polyoxyefhylene sorbitan
alvkyl esters a're‘pdlyoxye'thylene sorbitan m'onolaurylate, polyoxyethylene

sorbitan monopalmitate, polyoxyethylene sorbitan monostearate and the

_like; and examples of glycerol esters are glycerol monomyristate, glycerol

mohoStearate; glycerol monooleate and the like. Also examples of their
derivatives are polyoxyethylene alkyl amine, polyoxyethylene alkyl phenyl-

' formaldehyde condensate, ponoxyethylene alkyt ether phosphate and the

like. Particularly preferable are polyoxyethylene alkyl ethers and
polyoxyéthylene alkyl esters which have an HLB value of 10 to 18. More
par_ticularly there are polyoxyethylene lauryl ether (EO: 5 to 20. EO stands

- for an ethylene oxide unit.), polyethylene glycol monostearate (EO: 10 to

55) and polyethylene glycol monooleate (EO: 6 to 10).
- Suitable nonionic hydrocarbon surfactants inClude octyl phenol

Company:
Triton® _
- X15 (n~1.5) i
X45 (n~4.5) TS

CH3 CH} .

X100 (n~10)

Preferred nonionic hydrocarbon surfactants are branched

| alcoholieth0xy|ates such as the Tefgitol® 15-S series supplied by Dow

Chemical C‘bmpany and branched secondary alcohol ethoxylates such as

the Tergitol® TMN series also supplied by Dow Chemical Company.:

Tergitol®
TMN-6 (n~8) | FHC
. : CHE = CH3
TMN-10 (n~11) zesc] |

TMN-100 (n~10)

N : =12 2
CH o—C—C O
v
ZHC n
N

S —— C T3
9 31
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Ethyleneoxide/propylene oxide copolymers such as the

' Tergltol® L series surfactant supplied by Dow Chemlcal Company are also -

useful i in thls invention.

- Another group of suitable nonionic hydrocarbon surfactants are

| tridécyl alcohol alkoxylates supplied as lconol® TDA series from BASF

Corporation.

Iconol®

TDA6 (n=6) - T T T
- TDA-9 (n=9) 3HC—C 0—C—C-—OH
~ TDA-10 (n=10) | ,L 1!1' ,L
S T "

Yet another useful group of suitable nonionic hydrocarbon
surfactants are difunctional block copolymers supplied as Pluornic® R -
series from BASF, such as:

- H2 H H2  H2 H2
| Pluronic® R H—0— c—c 0—C—C~{10—C—CH
- 31R1 (m~26, n~8) , | CH3.

17R2 (m~14, n~9)
10R5 (m~8, n~22)

'In another embodiment the hydrocarbon surfactant is an anionic
hydrocafbon surfactant. One such example is the highly‘branched C10
tértiary carboxylic acid supplied as Versatic® 10 by Resolution

" Performance Products.

Versatic® 10 T
~ Neodecanoic acid (n+m=7) . THZ]
ot~
CH3

10 -
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Another useful anionic hyd'rocarbon surfactant is the sodium linear

‘alkyl polyether sulfonates supplied as the Avanel S series by BASF. The.

ethylene oxide chain provides nonionic characteristics to the surfactant |
and the sulfonate groups provide certain anionic characteristics.
Avanel® |
~ 8-70 (n=7, m=11-14)

| | {_m‘} JFHZ w ||
3HC C (o] C—C—O S—OH
~ 8-74 (n=3, m=8) - R L

Process

In the practice of a preferred embodiment of the invention, the

. process is carried out as a batch process in a pressurized reactor. |

Suitable vertical or horizontal feabtors for carrying out the process of the

‘ inventiori are equipped with stirrers for the aqueous medium to provide
- sufficient contact of gas phase monomers such as TFE for desirable

reaction rates and uniform incorporation of comonomers if e'mployed. The
reactor preferably includes a jacket surrounding the reactor so that the

reaction températUre may be conveniently controlled by circulation of a

- controlled fempefatdre heat exchange medium.

In a typical process, the reactor is first charged with deionized

* and deaerated water to which the fluoropolyether acid or salt thereof and

- polymerizatidn agent combination is added. The addition of the

ﬂuoropdlyether acid or salt thereof and hydrocarbon surfactant
combination is discussed in more detail hereinafter. A suitable procedure
for TFE copolymers such as FEP or PFA includes first pressurizing the

'reactor with TFE. Some or all of the comonomer such as HFP or

perfluoro(alkyl vinyl ether) is then added and ‘normaII‘y a chain transfer
égent such as ethane is also added to reduce the molecular weight and
increase melt flow of the copolymer as desired for use. A free-radical

initiator solution such as ammonium persulfate solution is then added. -

The temperature is increased and, once polymerization begins, additional
- TFE is added to maintain the pressure. The beginning of polymerization is
- referred to as kick-off and is defined as the point at which gaseous

monomer feed pressure is observed to drop substantially, for example,
about 10 psi (about 70 kPa). Moreover, in a preferred process, the

11
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ponmerlzatlon medlum is substantlally free of fluoropolymer seed at
polymerization lek-Off. In this preferred form of the invention,
fluoropolymer seed, i.e., separately polymerized small fluoropolymer
particles in dlspersmn form, is not added prior to the start of

polymenzatlon Comonomer and/or chain transfer agent can also be

“added as the polymerization proceeds. For some polymerizations,

‘ additional initiator and or polymerization agent may be added during the

polymenzatlon

Batch dlsper3|on polymerlzatlons can be described as

_proceeding in two phases. The initial period of the reaction can be said to

bea n'ucleation phase during which a given number particles are .

established. Subsequently, it can be said that a growth phase occurs in

which the predominant action is polymerization of monomer on

established particles with little or no formation of new particles. The.

transition’ from the nucleation to the :growth phase of polymerization occurs

- smoothly, typically between about the 4 and about the 10 percent solids

for the polymerization of TFE.

- After batch completion (typically several hours) when the
déSired amount of polymer or solids content has been achieved, the feeds
are stopped, the reactor is vented, and the raw dispersion in the vessel is
transferred to a cooling or holdlng vessel

The solids content of fluoropolymer dlsperS|on produced by the
process of the invention is at least about 10% by weight. Preferably, the
fluoropolymers solids content is at least about 20% by weight. A preferred
rénge for fluoropolymer solids content produced by the process is about
20%_to about 65% by weight, more preferably about 20% to about 55% by

- weight.

In a}preferred process of the invention, polymerizing produces
less that about 10 wt%, more preferably less than about 3 wt%, even more '

preferably less than about 1 wt%, most preferably less than about 0.5 wt%

'undisper_sed fluoropolymer (sometimeé referred to.in the art as coagulum)

based on the total weight of fluoropolymer produced.

The as-polymerized dispersion can be transferred to a

dispersion concentration operation which produces concentrated

12
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dlspersrons stabilized typically wrth nonionic surfactants by known
methods. Solids contents of concentrated dispersion is typically about 35
to about 70% by weight. Alternatively, for use as a molding resin, the

dispersion is coagulated and the aqueous medium is removed. The

: ﬂuoropolymer is dried then processed into a convenient form such as

ﬂake chip or pellet for use in subsequent melt- processrng operatlons

The dispersion polymerization of homopolymer PTFE or

- rnodiﬁed PTF Eis similar except that no comonomer or much less -

comohomer is added to the batch initially and/or introduced during
polymerization. Chain transfer agents may be used but typieally in lower
amounts. Paraﬁ" in wax is typically employed as a stabilizer during the
polymenzatlon The same drspersron concentration operation can be used
to produce stablhzed concentrated drspersrons ‘Certain grades of PTFE

dispersion are made for the production of fine powder. For this use, the

is dried to prodUce fine powder.

Initiators

Polymerization in accordance with the invention employs free

.rad'ic.al ir\itviators capable of generating radicals under the conditions of

polymerization. As is well known in the art, initiators for use in accordance

| ~with the invention are selected based on the type of fluoropolymer and the

desired properties to be obtained, e.g., end group type, molecular weight,

- etc. Forsome ﬂuoropolymers such as melt-processible TFE copolymers,

water-soluble salts of inorganic peracids are employed which produce

‘anionic end groups in the polymer. Preferred initiators of this type have a

relati\)ely Ior\g half-life, preferably persulfate salts, e.g., ammonium
persulfate or potassium persulfate. To shorten the half-life of persulfate

_initiators, reducing agents such as ammonium bisulfite or sodium

.metab_isulﬁte, with or without metal catalyst salts such as Fe, can be used.

Preferred perSquate initiators are substantially free of metal ions and most

preferably are ammonium salts.

For the production of PTFE or modified PTFE dispersions for

dispersion end uses, small amounts of short chain dicarboxylic acids such

13
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as succinic acid or initiators that produce succinic acid such as disuccinic
acid perOX|de (DSP) are preferably also added in addition to the relatlvely
long half-life mltlators such as persulfate salts. Such short chain

- dlcarboxyllc amds are typically beneficial in reducung undispersed polymer

(coagulum) For the production of PTFE dispersion for the manufacture of

- fine powder, a redox initiator system such as potassium

permanganate/oxallc acid is often used.

o The initiator is added to the aqueous polymerization medium in
an amount suffi C|ent to initiate and malntaln the polymerlzatlon reaction at
a desired reaction rate. At least a portion of the initiator is added at the

v b'eginning of the polymerization. A variety of modes of addition my be

USed'incIuding continuously throughout the polymerization, or in doses or

intervals at predeter'mined times during the polymerization. A particularly

preferred mode of operation is for initiator to be precharged to the reactor

and additional initiator to be continuously fed into the reactor as the

polymerization proceeds. Preferably, total amounts of ammonium

| persulfate or potassium persulfate employed during the course of-

20

polymerization for melt-processible copolymers are about 25 ppm to about
250 ppm based on the weight of the aqueous medium. Other types of

initiators, for example, potassium permanganate/oxalic acid initiators, can

" be employed in amounts and in accordance with procedures as known in

the art.
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- Chain Transfer Agents

Chain-transfer agents may be used in a process in accordance
with the invention for the polymerization of some types of polymers, e.g.,
for melt-processible TFE copolymers to decrease molecular weight for the
purposes of controlling melt viscosity. Chain transfer agents useful for this
purpose are welliknown for use in the polymerization of fluorinated
monomers. Preferred chain transfer agents include hydrogen, aliphatic
hydrocarbons, halocarbons, hydrohalocarbons or alcohol having 1 to 20

. carbon atoms, more preferably 1 to 8 carbon atoms. Representative

examples of such chain transfer agents are alkanes such as ethane,
chloroform and methanol. | |

The amount of a chain transfer agent and the mode of addition
depend on the éctiVity of the particular chain transfer agent and on the
desired molecular weight of the polymer product. A variety of modes of
addition may be used including a single addition before the start of
polymerization, continuously throughout the polymerization, or in doses or
intervals at predetermined times during the polymerization. The amount of
chain train transfer agent supplied to the polymerization reactor is
preferably about 0.005 to about 5 wt%, more preferably from about 0.01 to

about 2 wt% based upon the weight of the resulting fluoropolymer.

Polymerization Agent

In accordance with the invention, the fluoropolyether acid or
salt thereof is preferably dispersed adequately in aqueous medium for it to
function effectively in combination with the hydrocarbon surfactant as a
‘pblymefizatioh agent. Preferably, the fluoropolyether acid salt is dispersed

sufficiently so that the polymerization medium containing fluoropolyether

~acid salt appears water clear or nearly water clear. More preferably, an

aqueous concentrate of the dispersed fluoropolyether acid salt (and
dispersing aid, if used) adjusted to contain 1500 ppm + 100 ppm of the
fluoropolyether acid salt has a haze in the test method described
hereinafter of less than about 55%, preferably less than about 15%, more
preferably less than about 13%, even more preferably less than about

10%, and most preferably less than about 7%. A preferred range for the
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haze of the aqueous concentrate of the dispersed fluoropolyether acid salt
is from about 0 to about 55%. Low haze values at 1500 ppm £ 100 ppm |
correlate well with performance of the fluoropolyether salt as a nucleating

“agent in the aqueous polymerization process, e.g., polymerizations

employing lower haze concentrates produce less undispersed polymer

(c_:oaguIUm) than concentrates with higher haze values. Haze values of

the aqueous polymérization medium itself containing the dispersed

' fluoropolyether salt are less sensitive to the contribution of haze by the

fluoropolyether salt because of the low fluoropolyether salt content and

may be affected by other components in the aqueous polymerization

medium.

 In one suitable procedure, the polymerizatidn agent can be -
made directly in the aqueous polymerization medium. In this ‘proced‘ure,

the fluoropolyether acid or salt is supplied in acid form and subsequently

| converted to salt form. This is accomplished by first adding ammonia or
' alkali metal hydroxide to the aqueous polymerization medium in a quantity B

. sufficient to substantially completely convert to salt form the subsequently

added fluoropolyether acid. The fluoropolyether acid can then be added to
the am'mo'nia or alkali metal hydroxide solution and, if desired, pH
measurements can be made to determine if insufficient or excess base
has been used. In éddition, as known in the art, the amount ammonia or
alkali metal hydroxide used, tbgether with other materials added to the

polymerization medium, should proVide a pH in the aqueous

'polymeriza_tion medium which promotes the desired level of activity for the

'particular initiator system used and provides an operable pH rénge for the
polymerization agent. The hydrogarbon surfactant can be added to the

aqueous polymerization medium prior to, simultaneously with or

| sub'seq'uéntly to the addition of the fluoropolyether acid.

Another suitable procedure for making the polymerization agent

employs making an aqueous concentrate of the dispersed fluoropolyether

" acid or salt which is added to a larger volume of aqueous polymerization

mediUm. The concentrate can be made by similarly reacting the
fluordpolyether acid with a small volume of aqueous ammonia or alkali

metal hydroxide to produce the concentrate containing the salt form of the

16
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fluoropolyether acid. This concentrate can then be mixed into the

aqueous polymerization medium to}supply'thé already dispersed

: flubropolyether acid or salt in the desired ‘quantity. In addition, as stated

- above, the amount ammonia or alkali metal hydroxide used to make the

concentrate, should provide a pH in the aquedus polymerization medium

| which promotes the desired level of activity for the particular initiator

' system used and p‘rovides an operable pH‘ range for the polymerization

agent. The hydrocarbon surfactant can be added to the aqueous

polymerization medium prior to, simultaneously with or subsequently to the

addition of the fluoropolyether acid. 'If the same proportions of
fluoropolyether acid or salt to hydrocarbon surfactant are to be used for

" multiple polymerizatiqns, it may be convenient for the hydrocarbon -

surfactant to be present in the aqueous fluoropolyether acid or salt
concentrate,

In a preferred form of the invention, dispersing aids are used to

. aSSISt with dissolving/dispersing of the fluoropolyether acid or salt by

contacting the acid or salt with the dispersing aid. A dispersing aid is
espemally useful for dissolving/dispersing higher molecular weight
ﬂuoropolyether acid or salt thereof, e.g., above about 1200 g/mol.

'Dlspersmg aids are useful in either procedure discussed above for

dispersing the fluoropolyether acid or salt.
Any of a variety of dispersing aids may be used to aid in

d|ssolvmg/d|spersmg the ﬂuoropolyether acid or salt for use in accordance

~ with the present invention. A surfactant, preferably the hydrocarbon

'_surfactant to be used in polymerization, is useful to disperse

ﬂuordpoly_ether acid or salt. In general, and particularly when polymerizing

" a high molecular weight fluoropolymer, a low telogenic or non-telogenic

dispersing aid is preferred. With some dispersing aids, it is desirable to
mix the dispersing aid with fluoropolyether acid or salt prior to addition to

the aqueous polymerization medium or to the aqueous medium that forms

the concentrate.

One suitable class of dispersing aids includes C3 to C8

alcohols with a particularly suitable dispersing aid being t-butanol. When

" the fluoropolyether acid or salt is supplied in acid form and the ammonium

17
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salt is to be u'sed in fhe polymerization agent, concentrates can be formed

by simultaneously mixing ﬂuoropolyefher acid, t-b.utanol, and an aqueous

ammonia solution and stirring. Hydrocarbon surfactant can be added

- subsequéntly. t-bufanol is preferably added in an amount of about 0.5X to

about 3X the weight of the fluoropolyether acid although the lowest

amount which is effective is preferably employed to decrease telogenic

- effects. C3 to C8 alcohols such as t-butanol would generally not be used

for polymerization of PTFE or modified PTFE because their télogenic
activity may interfere with achieving the high molecular weight usually
desired. 'In some cases, it is desirable for water to be present with the C3

- to C8 alcohol, i.e., an alcohol/water mixture is used, to effectively disperse

the fluoropolyether acid or salt.
Another particularly suitable class of dispersing aids are

less than 500 g/mol, e.g., low molecular weight fluoromonoether acids or

salfs, low molecular weight ﬂubropolyether acids or salts, and low

molecular weight perfluoroalkane carboxylic acids. Such dispersing aids

have low tel'o_gen'ic activity and generally do not interfere with the use of

wax. Suitable fluorinated organic acids or salt are low molecular weight

" fluoromonoether acids or salts, i.e., having a molecular weight of less than

500 g/mol, for example, CF3CF,CF,OCF(CF3)COOH. Fluoropolyether

i acids or Salts wifh a molecular weight of less that 500 g/mol can also be
used. When the fluoropolyether acid or salt is supplied in acid form, it is

preferablé for the fluorinated organic acid or salt to also be supplied in acid -

“form. Preferably, the fluoropolyether acid and fluorinated organic acid are
" mixed together prior to addition to the aqueous polymerization medium or

the a'vqbueous medium used to make the concentrate. This fnixture is

preferably contacted with an aqueous ammonia solution to form dispersed

ﬂuoropolYether salt. Fluoromonoether acids or salts and fluoropolyether

_ acids or salts, each having a molecular weight of less that 500 g/mol, are

_ preferably added in an amount of at least about 0.5X times the weight of

the fluoropolyether acid. Typically, amounts greater than about 20X are
not necessary and preferably the lowest amount which is effective is
employed. A particularly preferred range is about 0.5X to about 3X.

18
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Perfluoroalkane cafboXylic acids having a molecular weight of less than

500 g/mol can function as dispersing aids but are not preferred for use in

- accordance with the present invention. If used, they are used in amounts
Iess tha‘n about 300 ppm based on the weight of water in the aqueous

medium.

ina préferred form of the inventioh, the polymerization agent

employed in accordance with the present invention comprises a major

| amount by weight of fluoropolyether acid or salt thereof and a minor
10

amount by }\A-/.eight of hydrocarbon surfactant. More preferably, the

hydrocarben surfactant comprises about 1% to about 45% by weight of the

,polymeriZation agent. Even more preferably, the hydrocarbon surfactant
- comprises about 1% to about 35% by weight of the polymerization agent.

Ina preferred embodlment of the present invention, the hydrocarbon

“surfactant comprises about 10% to about 30% by weight of the

polymerization agent.

- Preferably, the amount of fluoropolyether acid or salt used in

~ the aqueous polymerization medium is about 5 to about 2000 ppm based

on the weight of water in the aqueous polymerization medium, more

’preferab'ly about 50 to about 1000 ppm, and most preferably about 100 to

about 350 ppm. The total amount of polymerization agent combination

~ used in a preferred process in accordance with the invention is about 5 to

about 3000 ppm ‘based on the welght of water in the aqueous medium.
Preferably, the total amount of polymerlzatlon agent combination used is
about 50 ppm to about 2000 ppm based on the weight of water in the

'aqueo'u.s medium, more preferably, about 150 ppm to about 500 ppm.

As described above, the hydrocarbon surfactant is preferably

emptoyed in minor amounts and with preferred amounts of hydrocarbon

: surfactant being based on the amount of fluoropolyether acid or salt

employed However, because the hydrocarbon surfactant can react with

the initiator and is telogenic, i.e., acts to prematurely stop chain growth,

‘the amount of _hydrocarbon used in relation to the amount of initiator

should be limited so polymerization will start and proceed at a desirable

rate. For eXampIe, in the preferred form of the invention in which 100 ppm

to about 350 ppm fluoropolyether acid or salt based on the weight of water
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are employed and all of the polymerization agent is added prior to
polymerization, an especially preferred range for the hydrocarbon
surfactant is about 10 to about 110 ppm. Higher quantities of hydrocarbon
surfactant may be used if the polymerization agent, or at least the
hydrocarbon component of the'poliymerization agent, is supplied during
the course of polymerization as discussed below. | |

At least a portion of the polymerization agent is preferably

‘added to the polymerization medium prior to the start of the

polymerization. If added subsequently, a variety of modes of addition for
the polymerization agent may be used including continuously throughout

the polymerization, or in doses or intervals at predetermined times during

the polymerization. In accordance with one embodiment of the invention,
substahtially all of the polymerization agent is added to the aqueous
medium prior to the start of polymerization.

In accordance with the invention, the aqueous polymerization

~ medium comprises less than about 300 ppm of perfluoroalkane carboxylic

acid or salt fluorosurfactants, based on the weight of water in the aqueous
medium. Perfluoroalkane carboxylic acid or salt fluorosurfactants include
perfluoroalkane, e.g., ammonium perfluorooctanoate. Preferably, the
aqueous polymerization medium comprises less than about 100 ppm of
perfluoroalkane carboxylic acid or salt fluorosurfactants, more preferably
less than 50 ppm. In a preferred embodiment of the invention, the

aqueous polymerization medium is substantially free of perfluoroalkane

- carboxylic acid or salt fluorosurfactants. Substantially free of

perfluoroalkane carboxylic acid or salt fluorosurfactants means that
aquéous polymerization medium contains no more than about 10 ppm of
such fluorosurfactants.

In accordance with a preferred form of the invention the
polymerization agent combination used in the practice of this invention is
preferably substantially free of perfluoropolyether oils (i.e.,
perﬂuo‘ropolyethers having neutral end groups). Substantially free of
perfluoropolyether oils means that aqueous polymerization medium
contains no more than about 10 ppm of such oils based on water. This

form of the invention is unlike the aqueous microemulsion system as
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disclosed in U.S. Patent 4,864,006 to Gi‘a'netti et al. which employs‘ such
perfluoropolyether oils.

EXAMPLES

Test Methods : .
The fluoropolymer melting point (Tm) is measured by
Di'ffere'ntial Scanhing Calorimeter according to the procedure of ASTM

D4591.

- Comonomer content (PPVE or HFP) is measured by FTIR
according to the method disclosed in U.S. Patent No. 4,743,658, coI 5,
Ilnes 9-23.

Melt flow rate (MFR) is measured according to ASTM D-1238

' at the temperature which is standard for the specific copolymer.

"Haze is measured on an aqueous concentrate of the dlspersed

- fluoropolyether acid salt (and dispersing aid, if used) which is adjusted to

contain 1500 ppm + 100 ppm of the fluoropolyether acid salt. The haze is
measured in transmission mode on a Hunter® ColorQuest XE
spectrophotometer with sphere geometry using HunterL.ab Universal

' Software v 4.0. The sample cell is a 50 mm transmission cell. The

transmission haze measurement is the ratio of diffuse light to the total light

transmitted by a specimen multiplied by 100 to express a percentage of

transmission.

Polymerizatibn Adgent Components

Two fluoropolyether acids are employed which are -
perfluoropolyether acids having carboxylic acid group (PFPEA) each
having the repeat unit of Formula 1 above and are converted to

-ammonium salts in the examples which follow. PFPEA 1 has a number

average molecular weight of about 1165 (n=about 6 in Formula 1).

PFPEA 2 has a number average molecular wéight of about 2100 (n=about
12 in Formula 1). PFPEA 2 is available cOmfnercially available as Krytox®
157 FSL from DuPorit. | |
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The hydrocarbon surfactants used in the Examples are the

- following: |
| * Triton X100 — Dow Chemical
5. - Triton X45 - Dow‘ChemicaI N

Tergitol TMN 100~ Dow Chemical
Pluronic 31 R1 -~ BASF
Pluronic 17R2 — BASF
Pluronic 10R5 — BASF

10 Avanel S-74 - BASF

- Avanel S-70 — BASF

lconol TDA-10 — BASF
Versatic 10 — Resolution Performance Products

15 | The' ammonium hydroxide is a 30 wt% aqueous solution (Wt%
calculated as NH3). o
| ' For the Examples of the invention containing PFPEA 1 (Examples
1-19, Comparative 1), polymerization agent concentrates containing
- PFPEA 1 are made by first adding 900 g of deionized water to a 1 liter
20 - glass container. The amount of 30 wt% ammonium hydroxide indicated in
Table 1 is added to the 900 g of deionized water. Then, the amount of
" PFPEA 1 indicated in Table 1 is added. The contents of the container are
mixed either mechanically or with ultrasound to produce a slightly cloudy
- mikture'(h'aze less than about 7%). The amount and type of hydrocarbon
25 surfactant (HC)as indicated in the Table 1 below is added. Upon
" additional mixing, the mixture typically becomes water clear.

Cbmpai’ative 1 is made similarly without hydrocarbon surfactant.
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Table 1
Example | PEPEA | HC HC | NH4OH
| ) @ (g
Ex 1 0.76 TritonX100 | 0.317 | 0.069
Ex2 0.76 TritonX100 | 0.317 | 0.069.
Ex3 0.76 Triton X100] 0.317 | 0.069
Ex4 3 Triton X100] 0.317 | 1.11
Ex5 0.78 TritonX45 | 0.318
Ex6 0491 | TMN-100 | 0.317 | 1.0
Ex7 13 TMN-100 | 0.317 [ 1.11
Ex8 1306 | Plur33iR1 [0.317 | 1.41
Ex9 1305 | Pr33iRT | 0317 [ .11
Ex10 |13 Plur331R1 | 0.317 | 1.11
Ex11 |13 PIri71R2 | 0.317 | 1.11
Ex12 |13 PluriOR5 | 0317 | 1.11
Ex13 |13 AvaneiS74 | 0.317 | 111
Ex14 |13 AvanelS70 | 0.317 | 1.11
Ex15 | 0078 | TDA-10 | 0.317 |0.067
Ex16 | 0633 | TDA-10 | 0.156 | 0544 -
Ex17 | 1.3 TDA10 | 0317 | 1.11
Ex18 (0078 |Vers10 | 0317 |021
Ex19 |13 Vers10 | 0317 |1.25
Ex20 |13 Triton X100] 0.17 | 0.29
Ex21 | 1.27 Avanel S74| 0.167 | 0.29
Comp 1 1.3 - 1.96

Examples 1 — 19 use PFPEA-1
Examples 20 and 21 and Comparative Example 1 use PFPEA-2.

'For Examples 20 and 21, polymerization agent concentrates
containing PFPEA 2 are made by adding 1.30g and 1.27 g PFPEA2, 2.60
g and 2.54 g t-butanol (dispersing aid), 2.60 g and 2.54 g deionized water,

and 0.29 g and 0.29 g 30 wt% ammonium hydroxide to a vial which is

sealed and shaken under cold running water to remove the heat of

reaction. A colbrless, single phase liquid results. This liquid is added

| dropwise with agitation to deionized water to make a clear mixture 274 ml

in volume (haze less than about 3%). 1.3 g and 1.27 g hydrocarbon
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surfactant is added with stirring. The final mixture is water clear with a pH
of 95 |

. Examples 1-21 and Comparatlve 1

The process of the invention is illustrated in the polymerization

of melt- processible copolymers of tetraﬂuoroethylene (TFE) with
perﬂuoro(alkyl vinyl ether), . e, perﬂuoro(propyl vinyl ether) (PPVE).

Deaerated water is used in the polymerizations. It is prepared
by pUmpvmg deionized water into a large stainless steel vessel and
vigorously bubbling nitrogen gas for approximately 30 minutes through the
water to remove oxygen. |

In a 12 liter, horizontal autoclave equipped with a paddle

" agitator, 7.57 kg of deaerated water is added. The PFPEA 1 or PFPEA 2

concentrates described above charged to the autoclave to provide the

polymerization medium for the Examples. 510 mlis charged for Examples

1-21 and Comparative 1. Based on the amounts employed to make the
| concentrates, Table 2A shows the amounts of polymerization agent

' 'componehts in the polymerization medium (ppm based on weight of water.

in the aqueous medium).

| A vacuum of approximately 28 inches of water column (7 kPa)
is applied to the reactor. The reactor is then raised to 30 psig (310 kPa)
with gaseous TFE while agitating at 70 rom. The agitator is stopped and

~ the TFE pressure reduced to approximately 10 psig (100 kPa) by venting.

This pressure/vent cycle is conducted two more times, further insuring that
the contents of the autoclave are free of oxygen. Ethane (0.3-0.5 g) and
PPVE (100 g) is then added to the reactor. o

The reactor is then heated to 75°C with agltat|on at 100 rpm.

- When at temperature, the reactor pressure is raised to a nominal 300 psig

(2.17 MPa) by adding TFE (270-330 g). Initiator solution, containing 6.2
grams of ammonium persulfate in 1 liter of deionized water, is charged to
the autoclave at a rate of 100 mi/min to provide a precharge of 0.45-2.66 ¢
ammonium persulfate. Total initiator added is indicated in Table 2A. The

same Initiator solution is pumped continuously to the autoclave during

Apolymerization at a rate of 0.54 ml/min. At kickoff [10 psig (70 kPa)
- pressure drop i_s observed] the polymerization is deemed to have been
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stahed. Reactoi' pressure is allowed to cycle between 285 psig (2.1 MPa)

" ~and 315 psig (2.28 MPa) by intermittently making up monomers composed

10

of 96 wt% TFE and 4 wt% PPVE. After the total monomers (including
precharged PPVE and TFE) stated in Table 2A is reached, the agitator is
stopped and the reactor vented to atmospheric press-ure. The
fluoropolymer dispersion thus produced has a solids content of greater-
fhan 10%. Polymer is isolated from the dispersion by freezing, thawing
and filtration. Using a high speed agitator, the polymer is washed in

deionized water and filtered several times before being dried overnightin a

| vacuum oven at 100 to 110°C and a vacuum of 6 to 10 mm Hg (0.8 — 1.3
~ kPa). Results are reported in Table 2B.
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-Table 2A

TFE/PPVE Polymerization

. PFPEA | PFPEA Surfactant APS | Ethane| Total
Example Surfactant

B (@ (ppm) (@ (ppm)| (@ | (9) - | Monomer
Ex 1 0076 |9 Triton X100[ 0.317 | 38 293 |05 2590
Ex 2 0.076 {9 Triton X100{ 0.317 | 38 300 | 0.5 3091

Ex 3 0076 |9 Triton X100] 0.317 | 38 300 | 0.5 3107
Ex4(1) | 1.3, [ 159 | Triton X100| 0.317| 39 0.04 | 05 2012

Ex5 |078 |96 | TritonX45 | 0.318] 39 | 2gg | 05 | 2093
Ex6 0191 |23 |TMN-100 [0317|39 | 268 [05 | 2080

Ex7 13 | 169 | TMN-100 | 031739 | gga |05 | 2019
Ex8 | 1.305 | 158 | Plr3iR1 [0317]39 | 306 | 0.3 | 3643
Ex9 1305 |15 | Pur3iR1 | 031739 | 306 |03 | 3642
Ex10 |13 159 | Plur31R1 | 0.317| 39 | 2.6 | 0.3 | 2068
Ex 11 (1)] 1.3 159 | Plr17R2 | 0.317|39 | gga | 05 | 1998
Ex12(1)| 13 | 1569 | Puri0RS [0317)39 | gg4 |05 | 2004
Ex13(1)| 13- | 159 | Avanel S74[0.317| 39 | go4 | 05 | 2023
Ex 14 (1)] 1.3 159 | Avanel S70| 0.317[ 39 | 2gg | 05 | 2035

Ex15 | 0078 |10 | TDA10 |0317|39 | 28 |03 | 2040
Ex16 | 0633 |77 |TDA-10 [0.156|19 | 2gg |03 | 2051

Ex17 (1)[ 1.3 159 | TDA10 | 031739 | gg4 | 03 | 2032
Ex18 |0078 |10 |Versi0 |0.317|39 | 286 |0.3 | 2047
Ex19 (1) 1.3 159 | Vers10 | 031739 | gga | 03 | 2029

Ex 20 1.3 166 Triton X100} 0.17 | 22 050 |03 1991
Ex21 | 1.27 162 Avanel S74| 0.167| 21 [ 327 | 0.3 1994
_ Comp1 [ 1.3 159 - - |- 061 |0 2085

5 Examples 1 — 19 use PFPEA-1
. Examples 20 and 21 and Comparative Example 1 use PFPEA-2.
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‘Table 2B
TFE/PPVE Polymerization
Example | Kick-off | Completion| Solids | MPt. PPVE | MFR Undispersed
(min) | Time (min) | wt% | (°C) wit% Polymer

‘ (@  wi%
Ex1. | 11 13 [ 164 | 300 475 |39 3 0.2%
Ex2 16 . | 171 16.4 | 308 563 | 46 0 0.0%
Ex3 |10 191 16.4 | 309 6.2 17 | 107 | 6.4%
Ex4(1) |77 |9 167 | 300 | 474 |26 16 | 1.0%.
Ex5 13 135 159 | 311|478 |17 0 - |00%
Ex6 |16 |78 155 | 312 423 | 158 0 0.0%
Ex7 3% |92 |168 |31 438 |38 0 | 00%
Ex8 2 |11 17 302 6.83 |25 3 0.2%
Ex9 2 200 | 27 307 58 43 182 | 5.7%
Ex10 |2 112 | 163 | 306 546 | 26 0 0.0%
Ex11(1) | 62 137 161 | 306 558 | 34 0 0.0%
Ex12 (1) | 65 178 155 | 308 579 |26 0 0.0%
Ex13(1) | 7 94 163 | 312 397 |43 0 0.0%
Ex14(1)| 6 86 158 | 314|311 |22 0 0.0%
Ex15 | 1 121 174 | 308 572 |20 |14 | 08%
Ex16 |1 | 106 | 168 |308 562 | 23 0 0.0%
Ex 17 (1) | 45 93 162 | 309 462 |25 0 0.0%
Ex18 |7 115 6.8 | 309 561 |24 13 | 0.8%
Ex 19 (1) | 76 145 148 | 309 514 |30 0 0.0%
Ex20 | 50 144 173 | 3004 |477 |95 19.77 | 1.2%
Ex21 |5 139 181 | 3121 | 405 |74 26.98 | 1.5%
Comp1 |3 |98 Gel | 295,322 | 4.1 No Flow| - -

Examgr le 22

~ The process of the invention is illustrated in the polymerization
of melt-proéessible. copolymers of tetrafluoroethylene (TFE) with
10 hexaﬂuordpropylene (HFP). |
B TFE-HFP copolymerization is run like that of Examples 1-19 for
TFE-PPVE copolymers with the foIIowing differences:
Total water (initial charge plus water added with initiator and surfactant)
6610 g. Initiatdr precharge is 2.2 g added as 22 gfliter aqueous solution.
15  Initial HFP is charged as a 70:30 mixture with TFE: 5799 HFP, 244 g TFE
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- for Exafnplé 22; 701 g HFP and 301 g TFE. Continuous monomer feed is
" TFE only. No ethane is added.
. | Q'uantities of materials employed are indicated in Table 3and 4A.
-5 Table 4B reports the results. |

10

Table 3
TFE/HFP Polymerization
‘Example -| PFPEA1 - | HC HC NH.OH
. (9) : (9) (9)
Ex 22 1.305 Plur30R1 [0.317 | 1.11
Table 4A
_ TFE/HFP Polymerization
Example | PFPEA | PFPEA| HC HC APS Ethane | Total Monomers.
- @ (Ppm) | (@) | (PPm) | (@) -] (9
Ex22 1305 [197 [ 0317 |48 7.390 [0 2323
15  Table4B

TFE/HFP Polymerization

Example | Kick-off | Completion | Solids | MPt. | HFP MFR | Undispersed
-} (min) Time (min) | wt% (°C) wi% Polymer

o | | @ w%

Ex 22 61 " 206 226 | 227 16.44 >100 | 70 3.2%
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10

15

20

- salt thereof is a perﬂuoropo‘lyether acid or salt thereof.

25

‘What is clalmed is:

1. .A process comprising polymerizing at least one ﬂuonnated
monomer in an aqueous polymerization medium comprising initiator and
polymerlzatlon agent to form an aqueous dispersion of particles of
fluoropolymer said aqueous dusperswn of partlcles of fluoropolymer

- formed by,s_ald process having a fluoropolymers solids content of at least

about 10% by weight, said polymerization agent comprising
ﬂuoropolyether acid or salt thereof and hydrocarbon surfactant, said

aqueous polyme_rization medium comprising less than about 300 ppm of

' perfluoroalkane carboxylic acid or salt fluorosurfactants.

2_.' The process of claim 1 wherein said pdlymerization medium

s substéntiéily freé of fluoropolymer seed at polymerization kick-off. .

_ 3. The process of claim 1 wherein said dispersing agent
comprises a major amount by weight of fluoropolyether acid or salt thereof
and a minor amount by weight of hydrocarbon surfactant.

4. The process of claim 1 wherein said aqueous

polymerizafion medium is substantiélly free of perfluoroalkane carboxylic

~acid or salt fluorosurfactants.

" 5. The process of claim 1 wherein said‘fluoropolyether acid or

6. The process of claim 1 wherein the acid groups of said
ﬂuoropolyether acid or salt thereof comprise acid groups selected from
ca'rboxyhc aqd, sulfonic acid, phosphonlc acid. .
| | 7. The process of claim 6 wherein said acid groups of said
quoroﬁonether acid or salt thereof comprise carboxylic acid.

8. The process of claim 1 wherein said fluoropolyether acid or

salt thereof is an ammonium salt.

9. The process of claim 1 wherein the molecular weight of sald

: .fluoropollyether acid or salt thereof has an average molecular weight of
- about 800 to about 3500 g/mol.

10. The process of claim 3 wherein said hydrocarbon
surfactant comprises about 1% to about 45% by weight of said

polymerization agent.
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11. The process of claim 3 wherein said hydrocarbon
surfactant comprises about 1% to about 35% by weight of said
polymerization agent.

12 The process of claim 3 wherein said fluoropolyether said or
salt thereof is present in said aqueous polymerization medium in an
amount of about 5 ppm to about 2000 ppm based on the weight of water in
said aqueous polymerization medium . ‘ 4 '

13. The process of claim 3 wherein said fluoropolyether acid or
salt thereof is present in said aqueous polymerization medium in an
amount of about 50 ppm to about 1000 bpm based on the weight of water
in said aqerus polymerization medium . ‘.

14, The process of claim 3 wherein said fluoropolyether acid or
salt thereof is present in said aqueous polymerization medium in an.
amount bf about '1 00 ppm to about 350 ppm based on the weight of water
in said aqueous polymerization medium .

15. The process of claim 1 wherein said aqueous dispersion of

. particles of fluorbpolymer formed by said process has a fluoropolymers

20

25

30
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. solids content of at least about 20% by weight.

16. The process of claim 1 wherein said polymerizing

~ produces partiCIes of fluoropolymer having a melt viscosity of at least 10% .

Pas. -

17. The process of claim 1 wherein said at least one fluorinated
monomer is selected from the group consisting of tetrafluoroethylene
(TFE), hexafluoropropylene (HFP), chlorotrifluoroethylene (CTFE),
trifluoroéthylene, hexafluoroisobutylene, perfluoroalkyl ethylenes,
fluorovinyl ethers, vinyl fluoride (VF), vinylidene fluoride (VF2), perfluoro-
2,2-dimethyl-1,3-dioxole (PDD) and perfluoro-2-methylene-4-methyl-1,3-

_ dioxolane (PMD).

18. The process of claim 1 wherein said particles of

fluoropolymer produced by said process comprise a melt-processible

“copolymer comprising at least about 40-98 % tetrafluoroethylene units and

about 2-60 mol% of at least one other monomer.
19. The process of claim 18 wherein said at least one other

monomer comprises at least one perfluorinated monomer.
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20. The process of claim 18 wherein said fluoropolymer

: pfoduced by said process is a perfluorinated melt-processible copolymer.

21. The process of claim 1 wherein said hydrocarbon

' surfactant is a nonionic hydrocarbon surfactant. -

22. The process of claim 1 wherein substantially all of said

polymerizatibn agent is added to the aqueous mediur prior to the start of

: 'polymenzatlon

23. The process of claim 1 wherein said polymerizing
produces less than about 10 wt% undispersed fluoropolymer based on the

- total welght of fluoropolymer produced

24 The process of claim 1 wherein said aqueous

} polymenzatlon medium is substantially free of perfluoropolyether 0|Is

-3



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2007/023642

A. CLASSIFICATION O 138UBJECT MATTER

INV. CO8F1l4

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

CO8F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X EP 0 816 397 A (AUSIMONT SPA [IT])

7 January 1998 (1998-01-07)

claims 1,6,9

X EP 1 679 352 A (SOLVAY SOLEXIS SPA [IT])
12 July 2006 (2006-07-12)

-paragraph [0024]; claims 1,3,8,9

X . EP 0 712 882 A (AUSIMONT SPA [ITI)
22 May 1996 (1996-05-22)
example 1

X - EP 0 625 526 A (AUSIMONT SPA [IT])

23 November 1994 (1994-11-23) ‘
page 4, line 54 - page 5, line 13; claims

_____ o

1-24

1-24

1-24

1-24

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance

"E' earlier document but published on or after the internationa) ay(e
filing date . .

invention

which Is cited to establish the publication date of another rys
citation or other special reason (as specified)

"T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
*L* document which may throw doubts on priority claim(s) or ‘involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

0" document referring to an oral disclosure, use, exhibition or document Is combined with one or more .other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior 1o the international filing date but - in the art. '
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
29 February 2008 10/03/2008
Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3016 Baekelmans, Didier

+ Form PCT/ISA/210 (second sheet) (April 2005)

page.1 of 2




INTERNATIONAL SEARCH REPORT

Internationat application No

" PCT/US2007/023642
C{Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT ’
Category* | Citation of documer;t, §Nith indicaiion, where appropﬁate, of the relevant passages .o Relevant to claim No.
X 1 Ero 672 691 A (DAIKIN IND LTD [JP1) 1-24
20 September 1995 (1995-09-20)
example 2
A WO 00/71590 ‘A (DU PONT [UST) 1-24

30 November 2000 (2000-11-30)
the whole document .

Form PCT/ISA/210 {continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

) PCT/US2007/023642
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 0816397 A 07-01-1998 CA 2209324 Al 01-01-1998
o CN 1172122 A 04-02-1998
DE 69704040 D1 15-03~-2001
DE 69704040 T2 20-09-2001
IT MI961342 Al - 02-01-1998
JP 10060054 A 03-03-1998
RU 2184744 C2 10-07-2002
us 7122608 Bl 17-10-2006
EP 1679352 A 12-07-2006 CN 1847333 A 18-10-2006
‘ JP 2006188702 A 20-07-2006
US 2006166007 Al 27-07-2006
EP 0712882 A 22-05-1996 AT 192175 T 15-05-2000
. CA 2161734 Al 18-05~1996
DE 69516485 D1 31-05~-2000
DE 69516485 T2 14-12~2000
IT 1270703 B 07-05~-1997
JP ‘8208974 A 13-08-1996
EP 0625526 A 23-11-1994 AT 149035 T 15-03~1997
AT 183525 T 15-09~1999
CA 2123528 Al 19-11-1994
DE 69401762 D1 27-03~1997
DE 69401762 T2 03-07-1997
DE 69420153 D1 23-09-1999
DE . 69420153 T2 16-12-1999
DK 625526 T3 10-03-1997
ES 2136923 T3 01-12-1999 -
1T 1265067 Bl 30-10-1996
JP 3544561 B2 21-07-2004
JP 6329706 A 29-11-1994
EP 0672691 A 20~-09-1995 CN 1088224 A 22-06~1994
DE 69317300 D1 09-04-1998
DE 69317300 T2 23-07-1998
WO 9412548 Al 09-06-1994
JP 3275402 B2 15-04-2002
JP 6166705 A 14-06-1994
us 5639820 A 17-06-1997
WO 0071590 A 30-11-2000 CN 1351616 A 29-05-2002
DE 60012176 D1 - 19-08~2004
DE 60012176.72 28-07-2005
EP 1189953 Al 27-03-2002
JP 2003500495 T 07-01-2003

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report

