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ABSTRACT

A polymeric molecule having the formula: X—[C(A),C(B)
(B)],-QICY=C(Z)(Z)] or [C(A),~C(B)],-QIC(YXY)—C
(Z)(Z"H)—X', wherein A is either H or F; B and B' are either H,
F, or Cl, and are not necessarily the same; X and X' are Br, Cl
or I (and are not necessarily the same); Y and Y are F, Br, Cl
or I (and are not necessarily the same); and wherein Z and 7!
are F, Br, Cl or I (and are not necessarily the same); Q is
optional and is either oxygen (O) or sulfur (S); and n is at least
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PROCESS, PROPERTIES, AND
APPLICATIONS OF GRAFT COPOLYMERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present disclosure is a division of U.S. patent
application Ser. No. 13/713,630, filed on Dec. 13, 2012,
which in turn claims the benefit of priority to U.S. Provisional
Patent Application Ser. No. 61/570,572, filed on Dec. 14,
2011, the contents of which are herein incorporated by refer-
ence in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention is related to the field of graft copoly-
mers. Provided are macromonomers, graft copolymers made
from macromonomers, moisture barrier films, and articles
formed therefrom. Also provided are processes for the syn-
thesis of graft copolymers, and monomers used in said pro-
cesses.

[0004] 2. Description of the Related Art

[0005] A wide variety of thermoplastic polymers and films
formed from such thermoplastic polymers are known. Impor-
tant physical characteristics of such films include barrier
properties, such as barriers to gas, aroma, and moisture,
toughness, such as wear and weathering resistances, and
light-transmittance. These properties are especially impor-
tant in film applications, including use as packaging material
for food or medical products.

[0006] Demand for flexible packaging materials with high
moisture and oxygen barrier properties is constantly growing
due to the advent of new drugs and drug-coated diagnostic
devices. Conventionally, it has been desirable to use or incor-
porate fluoropolymer films in packaging applications, as they
are known for their barrier properties, inertness to most
chemicals, resistance to high temperatures, and low coeffi-
cients of friction. See, for example, U.S. Pat. Nos. 4,146,521;
4,659,625, 4,677,017; 5,139,878; 5,855,977, 6,096,428;
6,138,830; and 6,197,393, which teach multilayer fluo-
ropolymer-containing films. Films including polychlorotrif-
Iuoroethylene (“PCTFE”) homopolymer or copolymers are
particularly advantageous due to their excellent moisture bar-
rier properties. Such films also exhibit high thermal stability,
excellent toughness, and clarity at room temperature.

[0007] As fluoropolymer performance demands have
increased, there has been a particular focus in the art on the
relationship between fluoropolymer architecture and fluo-
ropolymer properties. The study of structured fluoropoly-
mers, such as fluorotelomers, fluorotelechelics, alternated
copolymers, block copolymers, gradient copolymers, graft
copolymers, and dendrimers has found that fluoropolymer
properties may be directly affected by polymer architecture.
With particular regard to graft polymerization, it is known
that the properties of a fluoropolymer may be modified by
grafting co-monomer pendant chains onto the fluoropolymer
backbone. Depending on the nature of the co-monomers,
these graft copolymers often retain the desirable properties of
the parent fluoropolymer “backbone” while adding the desir-
able properties of the co-monomer pendent chains. See, for
example, U.S. Pat. No. 4,308,359, which teaches polyvi-
nylidenefluoride (PVDF) graft copolymers formed with eth-
ylenically unsaturated co-monomers, such as a vinyl mono-
mer, acrylonitrile, styrene, or an olefin. These graft
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copolymers have certain physical characteristics, such as bet-
ter solvent resistance, workability, and adhesiveness than
were previously known. U.S. Pat. No. 4,910,258 teaches fluo-
rine-containing graft copolymers having a fluorine-contain-
ing elastomer copolymer backbone, for example a copolymer
of vinylidene fluoride, chlorotrifluoroethylene (CTFE) and
t-butyl peroxyallylcarbonate, and fluorine-containing crys-
talline polymer branches, for example copolymers of CTFE
and ethylene. These graft copolymers are useful as a fluo-
roresin intermediate between fluororubbers and crystalline
fluororesins.

[0008] U.S. patent application publication 2007/0244262
teaches graft copolymers having a crystalline backbone such
as poly(vinylidene fluoride-co-chlorotrifluoroethylene), poly
(ethylene-co-chlorotrifluoroethylene), copolymers of chlo-
rotrifluoroethylene with alkyl vinyl ether or alkyl vinyl ester,
and poly(chlorotrifluoroethylene-co-vinylidene fluoride-co-
tetrafluoroethylene), having amorphous side chains grafted
thereto, such as polystyrene, poly(acrylic acid), or poly(tert-
butyl acrylate). U.S. patent application publication 2007/
0244262 specifically teaches away from graft copolymers
having a PCTFE backbone due to the insolubility of PCTFE
in the solvents required by their polymerization process.
[0009] As demand has grown, it has been met mainly by
enhancing existing products. For example, PCTFE films are
now available up to 150 pm thick, more than doubling their
barrier properties relative to traditional 50 pm structures.
However, while these thicker materials may meet the desired
barrier properties, they are not cost effective and their use is
restricted to specialty packaging applications. Such thicker
films are also difficult to process as packaging films. One
suitable way to reduce the cost of a packaging material fab-
ricated from a costly polymer is to form multilayer structures
in which the polymer film is laminated with other, less costly
polymer films. However, fluoropolymers do not adhere
strongly to most other polymers. In fact, most fluoropolymers
are known for their non-stick characteristics. This is very
disadvantageous, because poor bond strength between layers
can result in the delamination of multilayer films. As a result,
specialized intermediate adhesive layers that increase the cost
of the packing structure are generally needed to attach most
other polymer films to fluoropolymer films.

[0010] As such, there remains a need in the art for cost
effective packaging films having improved moisture and oxy-
gen barrier properties that meet present and future perfor-
mance demands.

SUMMARY OF THE INVENTION

[0011] Fluorinated macromonomers, PCTFE-g-poly(M)
graft copolymers and moisture barrier films and articles
formed therefrom are provided. In one embodiment, the
PCTFE-g-poly(M) graft copolymers have an oligo- or poly-
CTFE backbone component and a plurality of pendant groups
attached to the oligo- or poly-CTFE backbone component.
[0012] Further disclosed, in another embodiment, is a pro-
cess for the synthesis of PCTFE-g-poly(M) graft copolymers,
the process comprising:
[0013] a) providing a macromonomer having the formula
X—[C(A),CB)B)],-QICY=C(Z)(Z)] or
[0014]  [C(A),=C(B)],-QICY)(Y)—C(D)(Z)]—X,
wherein A is either H or F; B and B' are either H, F, or Cl,
and are not necessarily the same; X and X' are Br, Cl or |
(and are not necessarily the same); Y and Y' are F, Br, Cl or
I (and are not necessarily the same); and wherein Z and 7!
are F, Br, Cl or I (and are not necessarily the same); Q is
optional and is either oxygen (O) or sulfur (S); and n is at
least 1; and
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[0015] b) reacting the X—[C(A),C(B)B"],-Q[CY—C(Z)
(2] or
[0016] [C(A),=C(B)],-QIC(Y)(Y)—C(Z)(Z)]—X' mol-

ecule with a CTFE monomer in the presence of a free
radical initiator, thereby forming the CTFE monomer into
a poly-CTFE graft copolymer backbone component hav-
ing one or more

[0017] X' —{C(A)LCBYBY],— or —CY)Y)—C(Z)
(ZH]—X' pendant monomer components attached thereto.

[0018] Still further, in another embodiment, disclosed is a

process for the a

[0019] X'—[C(A),C(B)BH],—CY—=C(Z)(Z") molecule,

wherein A is either H or F; B and B' are either H, F, or Cl, and

are not necessarily the same; X and X' are Br, Cl or I (and are

not necessarily the same); Y is F, Br, Cl or [; and wherein Z

and 7' are F, Br, Cl or I (and are not necessarily the same); and

n is at least 1, the process comprising:

[0020] a) reacting a C(A),C(B)(B') taxogen and an X—C
W(YH—=C(Z)(Z")—X" telogen in the presence of a free
radical initiator, wherein Y' is F, Br, Cl or I, thereby forming
a dihalogenated telomer having the formula:

X'—[CALCB)YB)], —C(YV(Y)=C@)(Z)—W

and
[0021] b) dehalogenating said dihalogenated telomer to
form a monomer,

X' X—{C(A),LCB)(B)],—CY=CZ)(Z).

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 illustrates the *F NMR spectrum of
Br—CF,—CFCl—(CF,—CFCl),—Br, where n is greater
than 5, recorded in CDCIj.

[0023] FIG. 2 illustrates the '°F NMR spectrum of
CF,—CF—(CF,—CFCl),—Br, where n is greater than 5,
recorded in CDCl,.

[0024] FIG. 3 illustrates the '°F NMR spectrum of mac-
romonomer F,C—CF—CTFE),-Br (lower spectrum),
where n is greater than 5, and its copolymer with CTFE, i.e.
PCTFE-g-PCTFE (upper spectrum).

[0025] FIG. 4 illustrates the "H and *°F NMR spectrum of
telomer Br—CTFE-(VDF),-Br.

[0026] FIG. 5 illustrates the *°F NMR spectrum of dehalo-
genated F,C—CFCH,CF,Br monomer.

[0027] FIG. 6 illustrates the *°F NMR spectrum of the graft
radical copolymerization of CTFE with C,Br.

[0028] FIG. 7 illustrates the '°F NMR spectrum of the graft
radical copolymerization of CTFE with Br—CF,—CF(Cl)—
CH—CH,.

DETAILED DESCRIPTION OF THE INVENTION

[0029] It has now been discovered that branched, graft
copolymers derived from chlorotrifluoroethylene may be
produced to enhance the moisture barrier properties of thin
PCTFE-based films, fulfilling the aforementioned need in the
art. Through the discovery of a new monomer starting mate-
rial, a process has been developed which allows the synthesis
of unique graft copolymers having a PCTFE backbone and
2-carbon monomer/macromonomer (also referred to alterna-
tively as “macromer”) pendent groups. Monolayer films
formed from these graft copolymers should exhibit improved
moisture barrier properties relative to standard PCTFE or
PCTFE-based monolayer films of identical thickness.
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[0030] In accordance with exemplary embodiments of the
present disclosure, PCTFE-based graft copolymers, also
identified as poly(CTFE)-based graft copolymers (PCTFE-
g-poly(M) graft copolymer), are branched copolymers
derived from CTFE and a monomer/macromonomer mol-
ecule having “n” repeating taxogen units. When n is equal to
1, it is referred to as C, monomer and when n is greater than
1, the resulting molecules are referred to as “macromono-
mers” due to their significant molecular weight relative to
other fluoromonomers. As used herein, a “telomer” is defined
as a molecule having a small chain length, typically about 2 to
about 20 units. Due to its small size, a telomer is capable of
functioning as a monomer precursor, i.e. the monomer
derived from the telomer (by dehalogenation) and is capable
of'binding chemically to other monomers to form a polymer,
particularly when in the presence of a free radical initiator. A
telomer is a reaction product of a “taxogen” and a “telogen,”
and the process of forming a telomer is referred to herein as
“telomerization.” A “taxogen” is defined herein as a molecule
which supplies the links of the telomer chain. A “telogen” is
defined herein as a molecule which supplies the end groups or
terminal groups of the telomer chain.

[0031] The telomer is synthesized by a reaction of a C,
taxogen of the formula C(A),=C(B)(B'"), wherein A is either
H or F; and B and B' are either H, F, or Cl, and are not
necessarily the same, with a halogenated C, telogen of the
formula X—C(Y)(Y")C(Z)(Z)—X', in the presence of one or
more reagents, where X and X' are Br, Cl or I (and are not
necessarily the same); Y and Y' are F, Br, Cl or I (and are not
necessarily the same); and wherein Z and 7' are F, Br, Cl or |
(and are not necessarily the same); thereby forminga C, 5,
dihalogenated telomer of the formula:

X—{CARLCE)B)],—CYICENZ)]—X

wherein n is at least 1, preferably from 1 to about 20, more
preferably from 1 to about 15, even more preferably from 1 to
about 10, and most preferably from 1 to about 5. Where X and
X' are not the same, the dihalogenated telomer is considered
inter-halogenated. In some examples, especially where n is
greater than 1, the telomer is synthesized by radical telomer-
ization of the taxogen with the C, telogen, in the presence of
one or more free radical initiators as the aforementioned
reagents.

[0032] Examples of the C, taxogen C(A),=C(B)(B")
include, but are not limited to, CH,—CH, (ethylene),
CH,—CF, (vinylidene fluoride, “VDF”), CH,—CCl,, (vi-
nylidene chloride, “VDC”), and CF,—CFCl1 (CTFE). Where
the C, taxogen is ethylene, n is preferably equal to 1.

[0033] The C, telogen reactant X—C(Y)(Y")C(Z)(Z)—X'
may be synthesized or commercially procured. In one
example, the C, telogen reactant includes BrCF,CFCIBr (di-
brominated CTFE), CF,CICFClI, or CF,BrCFCII. Dibromi-
nated CTFE, CF,CICFCII, and CF,BrCFClI are known in the
art. For example, CTFE may be reacted with bromine (Br,) or
IC1 or IBr to produce Br(CTFE)Br, CF,CICFCIl or
CF,BrCFClI as follows:

Br,+F,C—=CFCl—BrCF,CFCIBr
IC1+F,C—=CFCl—CICF,CFCII

IBr+F,C—=CFCl—+BrCF,CFCII

[0034] The X—C(Y)(YHC(Z)(Z')»—X'telogen may also be
synthesized, for example, by reacting F,C—CFBr with Br,,
ICl or IBr to produce BrCF,CFBr,, CICF,CFBrl and
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BrCF,CFBrl, respectively. Alternately, the C, telogen may be
synthesized, for example, by reacting F,C—CFH with Br,,
ICl or IBr produce BrCF,CFHBr, CICF,CFHI and
BrCF,CFHI. The telogens may be referred to as “dihaloge-
nated” telogens, with reference to the X, X' molecules
thereof. As defined herein, the term “dihalogenated” includes
molecules where the telogen is inter-halogenated, i.e. where
the halogen end groups are not the same, e.g. Brand I, Br and
Cl,orCl,and I.

[0035] In a typical process, this reaction is conducted by
bubbling a halogenated ethylene of the formula C(Y)(Y")—C
(Z)(Z"), including but not limited to CTFE, into a solution of
halogen, including but not limited to bromine, cooled with an
ice-bath. Decoloration of the bromine solution indicates the
end of the reaction. Distillation of the reaction mixture at
about 99° C.-100° C. under atmospheric pressure gives the
dibrominated telogen, BrCF,CFCIBr or BrCF,CF,Br, as a
liquid in almost quantitative yield.

[0036] As noted above, the telomer is synthesized via a
reaction of the taxogen with the telogen, which in many
embodiments can include free radial telomerization. Telom-
erization of the monomers is conducted in the presence of a
free radical initiator and may be conducted in bulk without a
solvent or in solution, emulsion (including a mini- or micro-
emulsion), or suspension (including a mini- or micro-suspen-
sion), each with a solvent. In this regard, reference is made to
B. Améduri et al., “Well- Architectured Fluoropolymers; Syn-
thesis, Properties & Applications”, Elsevier, 2004 (ch. 1), for
further information regarding such telomerization. Prefer-
ably, the process is conducted in solution, emulsion, or sus-
pension with a solvent. Solution telomerization is preferred
because the required operating pressures are relatively low.
[0037] In a preferred process, the reactor vessel is first
charged with the dihalogenated X—C(Y)(Y)C(Z)(Z)—X'
telogen; a solvent; and a suitable reagent, which in many
examples is a free radical initiator, after which the C, taxogen
C(A),=C(B)(B") is added. Preferably, the solvent is pre-
charged into the reactor vessel. Any commercially available
reagent, such as a free radical initiator, may be used for the
radical telomerization of the telomer/monomer/macromono-
mer. Suitable reagents and radical initiators include oxida-
tion-reduction (“redox”) initiator systems. Useful redox ini-
tiator systems include both an oxidizing agent and a reducing
agent. Suitable oxidizing agents include peroxides such as
hydrogen peroxide, potassium peroxide, ammonium perox-
ide, tertiary butyl hydroperoxide (TBHP) ((CH;); COOH),
dicumyl hydroperoxide, diacyl peroxides, dialkyl peroxides,
alkyl peroxypivalates including t-alkyl peroxypivalates, alkyl
peroxydicarbonates including dialkyl peroxydicarbonates,
ketone peroxides, and t-amyl hydroperoxide. Also useful are
metal persulfates, such as potassium, sodium persulfate, and
ammonium persulfate. Useful oxidizing agents also include
manganese triacetate, potassium permanganate, ascorbic
acid, and mixtures thereof. Suitable reducing agents include
sodium sulfites such as sodium bisulfite, sodium sulfite,
sodium pyrosulfite, sodium-m-bisulfite (MBS) (Na,S,0s),
and sodium thiosulfate, as well as other sulfites such as
ammonium bisulfite, hydroxylamine, hydrazine, ferrous
ions, organic acids such as oxalic acid, malonic acid, citric
acid, and combinations of the above.

[0038] Generally, any redox initiator system known to be
useful in the preparation of fluoropolymers such as PCTFE
may be used for the synthesis of the telomer. Representative
examples of redox initiator systems inclusive of both an oxi-
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dizing agent and a reducing agent are azo compounds, such as
azobisisobutyronitrile, dialkyl peroxydicarbonates, acetylcy-
clohexanesulfonyl peroxide, aryl or alkyl peroxides including
dibenzoyl peroxide, dicumyl peroxide and t-butyl peroxide,
alkyl hydroperoxides, alkyl perbenzoates including t-alkyl
perbenzoates, and redox initiator systems incorporating alkyl
peroxypivalates including t-alkyl peroxypivalates. Preferred
redox initiators are those which incorporate dialkyl peroxy-
dicarbonates, such as diethyl and di-isopropyl peroxydicar-
bonates, alkyl peroxypivalates such as t-butyl peroxypivalate
and t-amyl peroxypivalate. More preferred are dialkyl perox-
ides, particularly t-butyl peroxide, dialkyl peroxydicarbon-
ates, particularly diethyl and diisopropyl peroxydicarbon-
ates, and t-alkyl peroxypivalates, particularly t-butyl and
t-amyl peroxypivalates. The most preferred reagents are the
free radical initiators 2,5-dimethyl-2,5-di(tert-butylperoxy)
hexane, an example of which is TRIGONOX® 101, commer-
cially available from AkzoNobel Polymer Chemicals LL.C of
Chicago, I11., and tert-butyl peroxypivalate.

[0039] Preferably, the initial molar ratio of the C, taxogen
monomer to the C, telogen in the reaction vessel is at a molar
ratio of from about 10:1 to about 1:20, more preferably from
about 5:1 to about 1:10, and most preferably from about 3:1 to
about 1:5.

[0040] Preferably, the initial molar ratio between the
reagent, such as the free radical initiator, and the combined C,
taxogen and C, telogen monomers in the reaction vessel is at
a monomer (combined):initiator molar ratio of from about
10:1 to about 10,000:1, more preferably from about 50:1 to
about 1,000:1, and most preferably from about 100:1 to about
500:1. The reagent, such as the radical initiator, is generally
added incrementally over the course of the reaction, starting
off with a rapid, initial charge of initiator provided to affect
the onset of telomerization. In the initial charge, generally
from about 10 ppm/min to about 1,000 ppm/min is added over
aperiod of from about 3 minutes to about 30 minutes. This is
followed by slow, incremental, continuous charging of initia-
tor over a period of from about 1 hour to about 6 hours or until
telomerization has concluded. In the continuous charge, gen-
erally from about 0.1 ppm/min to about 30 ppm/min of ini-
tiator is added. The molar ratio of total monomer consumed
(taxogen plus telogen) to reagent, such as radical initiator,
will depend upon the molecular weight desired.

[0041] Solvents useful for the synthesis, including the free
radical telomerization, of the telomer include any solvent
capable of dissolving the C, taxogen and telogen reactants.
Suitable solvents non-exclusively include conventional
organic solvents such as esters of formula R—COOR' where
R and R' are independently C, s alkyl groups, or ester OR"
where R" is an alkyl containing 1 to 5 carbon atoms, and
where R may also be hydrogen. Of these organic solvents, it
is preferred that R—H or CH; and R'—CH,, C,H,, i-C H, or
t-C,H,. Also useful are fluorinated solvents which non-ex-
clusively include CICF,CFCl, (TCTFE, known as CFC-113),
C¢F 4 n-C,F,, and 1,1,1,33-pentafluorobutane. Particu-
larly preferred fluorinated solvents include the family of flu-
orinated solvents commercially available from 3M Company
of St. Paul, Minn. under its FLUORINERT® trademark, such
as perfluoro-2-n-butyl-tetrahydrofuran (available from 3M
Company under its designation FC 75), alone or in combina-
tion with 1,1,2-trichloro-trifluoroethane (TCTFE) as a co-
solvent. Other useful solvents non-exclusively include con-
ventional solvents such as 1,2-dichloroethane, isopropanol,
tertiary butanol, acetonitrile and butyronitrile. The preferred



US 2016/0130379 Al

solvents are methyl acetate, acetonitrile, perfluoro-n-hexane,
perfluoro-2-n-butyl-tetrahydrofuran, 1,1,1,3,3-pentafluo-
robutane, and a mixture of 1,1-dichloro-2,2,3,3-pentatluoro-
propane and 1,3-dichloro-1,1,2,2,3-pentafluoropropane. The
quantity of solvent used in the reaction would be determin-
able by one skilled in the art. Preferably, the solvent is used in
an amount of from about 30% to about 60% by weight based
on the combined weight of the taxogen and telogen reactants,
the reagent, and the solvent.

[0042] To increase the solubility of the fluorinated
co-monomers, a co-solvent may also be used in combination
with the solvent. Useful co-solvents non-exclusively include
acetonitrile, acetone, alkyl ketones such as methyl ethyl
ketone, and water. For example, in an emulsion or suspension
telomerization process, water is generally used as a reaction
medium, typically deionized, nitrogen-purged water. In this
regard, a solvent as identified above may be present in water
as a co-solvent. When a co-solvent is present, the solvent
preferably comprises from about 30% to about 70% by
weight of the combined solvent and co-solvent. However, it
should be noted that fluorinated monomers are only partially
soluble in water, so when water is present as a co-solvent, a
surfactant is typically needed, e.g. as an emulsifier. In this
regard, useful surfactants include anionic, cationic and non-
ionic surfactants. When present, the surfactant preferably
comprises from greater than about 0% to about 10% by
weight of the solvent system, i.e. the weight of the solvent
alone or of a combination of a solvent and a co-solvent, more
preferably from greater than about 0% to about 5% by weight,
and most preferably from about 1% to about 3% by weight of
the solvent system. Preferred surfactants are anionic surfac-
tants, particularly perfluorinated anionic surfactants.
Examples of suitable perfluorinated anionic surfactants
include perfluorinated ammonium octanoate, perfluorinated
alkyl/aryl ammonium (metal) carboxylates and perfluori-
nated alkyl/aryl lithium (metal) sulfonates wherein the alkyl
group has from about 1 to about 20 carbon atoms, and
amphiphilic copolymers based on poly(ethylene oxide). Suit-
able surfactants also include fluorinated ionic or nonionic
surfactants, hydrocarbon-based surfactants such as the alky-
Ibenzenesulfonates or mixtures of any of the foregoing.

[0043] The reaction temperature for the synthesis of the
telomer is preferably from about 20° C. to about 250° C.,
more preferably from about 55° C. to about 140° C. During
the reaction, the reaction vessel, e.g. an autoclave, is prefer-
ably maintained at an interior pressure of from about 1.5 bars
(0.150 MPa) to about 100 bars (10 MPa), more preferably
from about 3.5 bars (0.35 MPa) to about 55 bars (5.5 MPa),
still more preferably from about 10 bars (1.0 MPa) to about 42
bars (4.2 MPa), and most preferably from about 20 bars (2.0
MPa) to about 35 bars (3.5 MPa). While preferred, these
temperature and pressure ranges are not intended to be strictly
limiting. The reaction, such as telomerization, is preferably
conducted under agitation to ensure proper mixing, with the
agitation rate being determined by one skilled in the art,
typically being from about 5 rpm to about 800 rpm depending
on the geometry of the agitator and the size of the vessel.

[0044] The reaction product of this synthesis is a dihaloge-
nated telomer having the formula:
X—[CA)CB)B)],—[CYIYICZ)Z)N—X

wherein A is either H or F; B and B' are either H, F, or Cl, and
are not necessarily the same; X and X' are Br, Cl or I (and are
not necessarily the same); Y and Y' are F, Br, Cl or I (and are
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not necessarily the same); and wherein Z and 7' are F, Br, Cl
or I (and are not necessarily the same). Free radical telomer-
ization can be employed particularly where n is desired to be
greater than 1, although it may also be employed where n is
equal to 1.

[0045] In a preferred embodiment, the telomer/monomer/
macromonomer is synthesized via radical telomerization of a
CTFE taxogen with a dibrominated CTFE telogen where X is
bromine and the dihalogenated CTFE telogen is
BrCF,CFCIBr. In this preferred embodiment, a CTFE taxo-
gen is reacted with the BrCF,CFCIBr telogen in the presence
of a free radical initiator to thereby form a dihalogenated
telomer having the formula:

Br-[-CTFE-],-(CTFE)-Br

wherein n is at least 1, preferably from 3 to 20, more prefer-
ably from 3 to 15, even more preferably from 3 to 10, and
most preferably from 3 to 5.

[0046] In another preferred embodiment, the telomer/
monomer/macromonomer is synthesized via radical telomer-
ization of a VDF taxogen with a dibrominated CTFE telogen
where X is bromine and the dihalogenated CTFE telogen is
BrCF,CFCIBr. In this preferred embodiment, a VDF taxogen
is reacted with the BrCF ,CFCIBr telogen in the presence of a
free radical initiator to thereby form a dihalogenated telomer
having the formula:

Br-[-VDF-],-(CTFE)-Br

wherein n is at least 1, preferably from 3 to 20, more prefer-
ably from 3 to 15, even more preferably from 3 to 10, and
most preferably from 3 to 5.

[0047] In yet another preferred embodiment, the telomer/
monomer/macromonomer is synthesized using an ethylene
taxogen with a dibrominated CTFE telogen where X is bro-
mine and the dihalogenated CTFE telogen is BrCF,CFCIBr.
In this preferred embodiment, an ethylene taxogen is reacted
with the BrCF,CF,Br telogen in the presence of a Bz,0,
(benzoyl peroxide) reagent to thereby form a dihalogenated
telomer having the formula:

Br-[-Ethylene-],-(CTFE)-Br

It is noted that a free radical telomerization is not employed as
the synthesis means for this reaction, as n is equal to 1, but
rather Bz,0, is preferably employed as the reagent.

[0048] The dihalogenated telomer may be recovered from
the reaction vessel using conventional techniques in the art,
such as by distillation. Other useful methods include evapo-
rating or freeze-drying the solvents, precipitating the solids
from the solvent/reaction product mixture with an agglomer-
ating or coagulating agent such as ammonium carbonate,
followed by filtration or centrifuging, or liquid-liquid extrac-
tion.

[0049] Next, the telomer is dehalogenated to remove one of
the halogen groups, forming a monohalogenated telomer. It
should also be understood that the terms “dihalogenated,”
“monohalogenated,” and “dehalogenated” in this context
refer only to the telomer end groups and not the halogen (such
as chlorine or fluorine) atoms of, for example, CTFE the
molecule. Either halogen group X or X' may be removed.
Typically, where the X' halogen group is removed, along with
the Y' molecule in the telogen, resulting ina—CY—C(Z)(Z"),
such as CF,—CF— end group in the example of CTFE telo-
gen. Alternatively, where the X halogen group is removed,
along with the B' molecule in the taxogen, the resulting struc-
tureis a C(A),=C(B)—end group. Where B'is H, the reaction
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is a dehydrohalogenation reaction. Further, where X is Br, the
reaction is a dehydrobromination reaction. The dehalogena-
tion reaction may be conducted using conventional means in
the art. Typically, such dehalogenation reactions are con-
ducted with zinc, magnesium, tin, sodium or potassium in the
presence of a solvent, such as acetic acid, tetrahydrofuran
(THF), dimethoxyethane (glyme), ethylene glycol, dimeth-
ylformamide (DMF), an alcohol, such as methanol or ethanol,
or potassium hydroxide in an alcohol solution, at a tempera-
ture of from about 0° C. up to about 150° C. In a preferred
embodiment, the dehalogenation reaction is conducted with
zinc powder and a THF solvent at or below room temperature,
typically from about 0° C. up to about 20° C.-40° C. In
another preferred embodiment, the dehalogenation reaction
is conducted with KOH in and ethanol solution.

[0050] The above process results in the synthesis of a
monohalogenated telomer molecule (monohalogenated
monomer molecule) having the formula:

X—[C(A),C(B)B"],—CY=C(Z)(Z"), such as:

X—[C(A),C(B)(B"],—CF—CF, where CTFE is
used as telogen;

or,
[C(A)=CB)],—[CY)(Y')—C(Z)(Z)]—X', such as:

[C(A),=C(B)],-(CTFE)-W where CTFE is used as
telogen

As stated above, n is preferably from 1 to 20, more preferably
from 1 to 15, even more preferably from 1 to 10, and is most
preferably from 1 to 5. Most preferably, X and/or X' is Br. The
value ofnis controlled by the initial molar ratio of the taxogen
and telogen, and whether free radical telomerization is
employed as the synthesis means. However, the higher the n
value, the more difficult it becomes to copolymerize the mac-
romonomer, because the monomer viscosity increases as n
increases, so the lower n value ranges are most preferred in
this instance. Greater n values may be desired for other
telomer end uses.

[0051] In a preferred embodiment, a monohalogenated
telomer of the formula X—[C(A),C(B)(B")],—CF—CF,
includes Br-(CTFE),-CF—CF, or Br-(VDF),-CF—CF,,
wherein the preferred CTFE or VDF taxogen, respectively,
are used as described above. In another preferred embodi-
ment, a monohalogenated telomere of the formula [C(A),=C
(B)],,-(CTFE)-W includes CH,—CH-(CTFE)-Br (n being
equal to 1, wherein this telomere is the compound 4-bromo-
3-chloro-3,4,4-trifluoro-1-butene (“BCTFB”).

[0052] As also stated above, the macromonomer may also
optionally incorporate sulfur or oxygen groups, wherein the
macromonomer has the formula X—[C(A),C(B)(B"],-Q
[CY=C(Z)(Z)]  or  [C(A)=C(B)L,-QICOY)(Y)—C(2)
(ZH]—X', where Q is either S or O. Oxygen may be incorpo-
rated, for example, by copolymerization with vinyl ethers
such as H,C—CHOR wherein R=an alkyl. Sulfur may be
incorporated, for example, by copolymerization with vinyl
thioethers such as H,C—CHSR wherein R=an alkyl. Each of
these reactions may be accomplished according to techniques
conventionally known in the art. Most preferably, neither
oxygen nor sulfur is present.

[0053] While it is expected that this telomer/monomer/
macromonomer will have many applications, it is particularly
of interest for the synthesis of PCTFE graft copolymers,
which may be achieved by free radical polymerization
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according to a process much similar to the free radical telom-
erization process employed for synthesis of the telomer. In a
first step, the X—|C(A),C(B)B"Y],—CY—C(Z)(Z") or
[C(A)=CB)L,—{CY)Y)—CENZ)—X"  telomer is
reacted with a CTFE monomer in the presence of a free
radical initiator. This reaction polymerizes the CTFE mono-
mer into PCTFE, which serves as a backbone component of a
PCTFE graft copolymer, and where X'—[ C(A),C(B)(B")],—
or —[C(Y)YY)»—C(Z)(ZH]—X' pendant substituents are
attached to the PCTFE backbone as the reaction proceeds.
The pendant components are then crosslinked via the X or X'
pendant end group with one or more crosslinking agents,
completing synthesis of the PCTFE graft copolymer.

[0054] Like the exemplary telomerization reaction
described above, the free radical graft polymerization reac-
tion may be conducted in bulk without a solvent or in solution,
emulsion (including a mini- or micro-emulsion), or suspen-
sion (including a mini- or micro-suspension), each with a
solvent. Preferably, the process is conducted in emulsion or
suspension with a solvent. The free radical polymerization
reaction may be conducted in the same vessel or same type of
vessel as the free radical telomerization reaction. In a pre-
ferred process, the reactor vessel is first charged with the
X—[C(A),C(B)B)],—CY=C(Z)(Z) or [C(A),=C(B)],—
[CY)(Y)—C(Z2)(Z)]—X ' telomer, a solvent and a free radi-
cal initiator, after which the CTFE monomer is added. Pref-
erably the solvent is pre-charged into the reactor vessel.
[0055] Any commercially available free radical initiator
may be used for the radical polymerization of the graft
copolymer, with redox initiator systems being most preferred.
Similar to the free radical telomerization process employed
for synthesis of the telomer, the free radical polymerization
reaction between CTFE and the X—|[C(A),C(B)(B)],—
CY=C(Z)(Z") or [C(A),=C(B)],—[CY)(Y)—C(Z)(Z)|—
X' telomer macromonomer is preferably conducted with an
initial molar ratio of the X—[C(A),C(B)(B)],—CY—C(Z)
(7Y or [C(A),=C(B)],,—CY)(Y")—C(Z)(ZH]—X" telomer
macromonomer at a molar ratio of from about 1:5 to about
20:1, more preferably from about 1:1 to about 10:1, most
preferably from about 1:1 to about 5:1.

[0056] Preferably, the initial molar ratio between the free
radical initiator and the combination of CTFE and the telomer
in the reaction vessel is at a monomer (combined):initiator
molar ratio of from about 10:1 to about 10,000:1, more pref-
erably from about 50:1 to about 1,000:1, and most preferably
from about 100:1 to about 500:1. Similar to the telomeriza-
tion reaction, the radical initiator is generally added incre-
mentally over the course of the reaction, starting off with a
rapid, initial charge of initiator provided to affect the onset of
polymerization. In the initial charge, generally from about 10
ppm/min to about 1,000 ppm/min is added over a period of
from about 3 minutes to about 30 minutes. This is followed by
slow, incremental, continuous charging of initiator over a
period of from about 1 hour to about 6 hours, or until poly-
merization has concluded. In the continuous charge, gener-
ally from about 0.1 ppm/min to about 30 ppm/min of initiator
is added. The molar ratio of total monomer consumed (CTFE
plus telomer) to radical initiator will depend upon the
molecular weight desired. Any of the free radical initiators
described herein for the telomerization reaction is useful for
the graft copolymerization of the fluoropolymer. The most
preferred free radical initiators for the graft copolymerization
reaction are also 2,5-dimethyl-2,5-di(tert-butylperoxy)hex-
ane, ditert butyl peroxide, and tert-butyl peroxypivalate.
[0057] The same solvents preferred for the telomerization
reaction are preferred for both the graft polymerization reac-
tion and for crosslinking the grafted telomer, including the
FLUORINERT® family solvents from 3M Company, with
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the most preferred solvents being methyl acetate, acetonitrile,
perfluoro-n-hexane,  perfluoro-2-n-butyl-tetrahydrofuran,
1,1,1,3,3-pentafluorobutane, and a mixture of 1,1-dichloro-2,
2,3 3-pentafluoropropane and 1,3-dichloro-1,1,2,2,3-pen-
tafluoropropane. The quantity of solvent used in the reaction
would be determinable by one skilled in the art and is pref-
erably used in an amount of from about 30% to about 60% by
weight based on the combined weight of the monomer and
telomer reactants, the free radical initiator and the solvent,
with co-solvents and surfactants similarly optional. When a
co-solvent is present, the solvent preferably comprises from
about 30% to about 70% by weight of the combined solvent
and co-solvent. As stated above, emulsion and suspension
polymerization processes generally use a reaction medium
including water as a co-solvent in combination with an
organic solvent, typically deionized, nitrogen-purged water.
Accordingly, when water is present it is preferred that the
reaction medium further comprise a surfactant as an emulsi-
fier. As above, the surfactant when present preferably
includes from greater than 0% to about 10% by weight of the
solvent system, i.e. the weight of the solvent alone or of a
combination of a solvent and a co-solvent, more preferably
from greater than 0% to about 5% by weight, and most pref-
erably from about 1% to about 3% by weight of the solvent
system. As above, preferred surfactants are anionic surfac-
tants, particularly perfluorinated anionic surfactants.

[0058] Preferred crosslinking agents non-exclusively
include systems based on peroxides and triallylisocyanurate,
particularly when the telomer/monomer/macromonomer
contains atoms of iodine and/or of bromine in terminal posi-
tion of the molecule (X or X'). Such peroxide-based systems
are well known. The crosslinking agent is preferably
employed at a concentration of from about 2% to about 20%,
more preferably from about 3% to about 15% and most pref-
erably from about 5% to about 15% based on the combined
weight of the solids, i.e. the weight of the PCTFE backbone
with telomer pendant chains.

[0059] The reaction temperatures for both the graft poly-
merization reaction and the crosslinking reaction are prefer-
ably from about 20° C. to about 250° C. Graft polymerization
is more preferably conducted at a temperature of from about
55° C. to about 140° C. The crosslinking reaction is most
preferably conducted at a temperature of from about 160° C.
to about 240° C. Control of the reaction temperature is an
important factor for controlling the final molecular weight of
the PCTFE graft copolymer reaction product because
elevated temperatures will yield greater reaction rates. Dur-
ing each reaction, the reaction vessel, e.g. an autoclave, is
preferably maintained at an interior pressure of from about

Pendant
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1.5 bars (0.150 MPa) to about 100 bars (10 MPa), more
preferably from about 3.5 bars (0.35 MPa) to about 55 bars
(5.5 MPa), still more preferably from about 10 bars (1.0 MPa)
to about 42 bars (4.2 MPa), and most preferably from about
20 bars (2.0 MPa) to about 35 bars (3.5 MPa). Elevated
pressures will also yield greater reaction rates. While pre-
ferred, these temperature and pressure ranges are not intended
to be strictly limiting. The polymerization is preferably con-
ducted under agitation to ensure proper mixing, with the
agitation rate being determined by one skilled in the art,
typically being from about 5 rpm to about 800 rpm depending
on the geometry of the agitator and the size of the vessel.
[0060] Inaddition, free radical polymerization may option-
ally take place in the presence of chain transfer agents.
Examples of chain transfer agents are sulthydryl compounds
such as alkyl mercaptans, e.g. n-dodecyl mercaptan, tert-
dodecyl mercaptan, thioglycolic acid and esters thereof, and
mercaptoalkanols such as 2-mercaptoethanol. If employed,
the quantity of chain transfer agents used is preferably from
about 0% to about 5% by weight based on the combined
weight of the monomers, more preferably from about 0.5% to
about 2% by weight, and most preferably from about 0.1% to
about 1.5% by weight based on the combined weight of the
monomers. When used, chain transfer agents have a preferred
chain transfer constant of from about 0.3 to about 3.0. How-
ever, polymerization in the absence of a chain transfer agent
is most preferred.

[0061] Polymerization may also be catalyzed by using a
transition metal accelerator in conjunction with the redox
initiator system. Accelerators and catalysts can greatly reduce
the polymerization time. Any commercially available transi-
tion metal may be used as an accelerator. Preferred transition
metals include copper, silver, titanium, zinc, ferrous ion and
mixtures thereof. Ferrous ion is most preferred. Optionally,
polymerization may be further accelerated by including addi-
tional peroxide-based compounds in the redox initiator sys-
tem. For example, from about 10 to about 10,000 ppm (parts
per million), preferably from about 100 to about 5,000 ppm,
of'additional peroxide-based compound may be added to the
vessel to accelerate polymerization. When an additional per-
oxide-based compound is used, it may be added at the same
interval specified for the primary radical initiator or at a
different interval as determined by one skilled in the art.
[0062] Crosslinking of the telomer pendant groups
achieves the synthesis of PCTFE graft copolymers having a
PCTFE backbone component and various pendant groups
attached to said PCTFE backbone component. Such may also
be referred to as poly(CTFE) graft copolymers, and may be
represented by the general formula:

PCTFE

Pendant
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[0063] In a preferred embodiment, the PCTFE graft
copolymer is PCTFE-g-PCTFE, having the formula:

PCTFE

[0064] In another preferred embodiment, the PCTFE graft
copolymer is PCTFE-g-(poly)VDF (i.e., PCTFE-g-PVDF),
having the formula:

PVDF

[0065] In yet another preferred embodiment, the PCTFE
graft copolymer is PCTFE-g-(poly)BCTFB (i.e., PCTFE-g-
BCTFB), having the formula:

BCTFB

[0066] The PCTFE graft copolymers (for example, the
PCTFE-g-PCTFE, PCTFE-g-PVDF, or PCTFE-g-BCTFB
graft copolymers, as noted above) will have a PCTFE back-
bone length including one or more four-carbon chain units
(C,), typically having at least two (Cg) or three (C,,) four-
carbon chain units, and the backbone will have at least one
pendant group, preferably including from about 2 to about 20

May 12, 2016

PCTFE

PCTFE

PCTFE

PVDF

PCTFE

BCTFB

pendant groups attached to said PCTFE backbone compo-
nent. The structure and properties of the graft copolymer are
directly controlled by the telomer from which it is formed,
and such may be manipulated through modification of the
telomer. In addition, the molecular weight of the graft copoly-
mer may be increased by continuously adding monomers
throughout the reaction, maintaining a continuous reaction as
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would be determined by one skilled in the art. When addi-
tional monomer is continuously added throughout the reac-
tion, it is preferably added at a rate equal to the rate of
consumption to maintain a constant vessel pressure. If
desired, incremental additional charges of initiator may be
introduced into the vessel over the duration of the reaction to
sustain polymerization. The PCTFE graft copolymers may be
recovered from the reaction vessel using conventional tech-
niques in the art, such as filtration and drying or by precipi-
tation. As with the telomer, other useful methods include
evaporating or freeze-drying the solvents, precipitating the
solids from the solvent/reaction product mixture with an
agglomerating or coagulating agent such as ammonium car-
bonate, or liquid-liquid extraction, followed by filtration or
centrifuging.

[0067] After recovery of the PCTFE graft copolymers, the
copolymers may be combined with various additives depend-
ing upon the end use application. Examples of such include:
oxidative and thermal stabilizers, lubricants, release agents,
flame-retarding agents, oxidation inhibitors, oxidation scav-
engers, dyes, pigments and other coloring agents, ultraviolet
light absorbers and stabilizers, organic or inorganic fillers
including particulate and fibrous fillers, reinforcing agents,
nucleators, plasticizers, as well as other conventional addi-
tives known to the art. Such may be used in amounts, for
example, of up to about 10% by weight of the overall com-
position. Representative ultraviolet light stabilizers include
various substituted resorcinols, salicylates, benzotriazoles,
benzophenones, and the like. Suitable lubricants and release
agents include stearic acid, stearyl alcohol, and stearamides.
Exemplary flame-retardants include organic halogenated
compounds, including decabromodiphenyl ether and the like
as well as inorganic compounds. Suitable coloring agents
including dyes and pigments include cadmium sulfide, cad-
mium selenide, titanium dioxide, phthalocyanines, ultrama-
rine blue, nigrosine, carbon black and the like. Representative
oxidative and thermal stabilizers include the Period Table of
Element’s Group I metal halides, such as sodium halides,
potassium halides, lithium halides; as well as cuprous halides;
and further, chlorides, bromides, iodides. Also, hindered phe-
nols, hydroquinones, aromatic amines as well as substituted
members of those above mentioned groups and combinations
thereof. Exemplary plasticizers include lactams such as
caprolactam and lauryl lactam, sulfonamides such as o,p-
toluenesulfonamide and N-ethyl, N-butyl benylnesulfona-
mide, and combinations of any of the above, as well as other
plasticizers known in the art.

[0068] The graft copolymers of the invention are particu-
larly useful as films in the formation of articles such as pack-
ages, bags, pouches, containers and blister packages for the
storage of food and medical products, or as lidding films on
containers or trays. The graft copolymers are also useful for
forming articles such as bottles, tubes and various other struc-
tures. Such articles are formed through well known tech-
niques in the art. Films of the invention include monolayer
films formed from the PCTFE graft copolymers as well as
multilayer films comprising, for example, at least one layer of
a fluoropolymer, e.g. PCTFE homopolymer, attached to at
least one layer of the PCTFE graft copolymer.

[0069] A monolayer film is preferably formed using well
known extrusion techniques. In a multilayer film, the PCTFE
graft copolymer layer or layers and any other layers are pref-
erably attached to each other by coextrusion. For example, the
polymeric material for the individual layers are fed into
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infeed hoppers of a like number of extruders, each extruder
handling the material for one or more of the layers. The
melted and plasticized streams from the individual extruders
are fed into a single manifold co-extrusion die. While in the
die, the layers are juxtaposed and combined, then emerge
from the die as a single multiple layer film of polymeric
material. After exiting the die, the film is cast onto a first
controlled temperature casting roll, passed around the first
roll, and then fed onto a second controlled temperature roll,
which is normally cooler than the first roll. The controlled
temperature rolls largely control the rate of cooling of the film
after it exits the die. Additional rolls may be employed. In
another method, the film forming apparatus may be one
which is referred to in the art as a blown film apparatus and
includes a multi-manifold circular die head for bubble blown
film through which the plasticized film composition is forced
and formed into a film bubble which may ultimately be col-
lapsed and formed into a film. Processes of coextrusion to
form film and sheet laminates are generally known. Typical
coextrusion techniques are described in U.S. Pat. Nos. 5,139,
878 and 4,677,017. The polymeric material may also be
formed into tubes using techniques that are well known in the
art, such as by extruding the polymeric material through an
annular die.

[0070] Alternatively individual film layers in a multilayer
film may first be formed as separate layers and then laminated
together under heat and pressure. Lamination techniques are
well known in the art. Typically, laminating is done by posi-
tioning the individual layers on one another under conditions
of sufficient heat and pressure to cause the layers to combine
into a unitary film. For example, the individual layers may be
positioned on one another and the combination passed
through the nip of a pair of heated laminating rollers by
techniques well known in the art. Typically, lamination may
be conducted with or without intermediate adhesive layers. In
the preferred embodiment of this invention, no intermediate
adhesive layer is used between the copolymer and fluoropoly-
mer layers. Lamination heating may be done at temperatures
ranging from about 120° C. to about 225° C., preferably from
about 150° C. to about 175° C., at pressures ranging from
about 5 psig (0.034 MPa) to about 100 psig (0.69 MPa), for
from about 5 seconds to about 5 minutes, preferably from
about 30 seconds to about 1 minute.

[0071] Films of the PCTFE graft copolymers may vary in
thickness, but they are particularly desirable for having
enhanced moisture barrier properties when formed as thin
films. In the preferred embodiments, PCTFE-g-PCTFE films
have a thickness of from about 1 um to about 150 um, more
preferably from about 1 um to about 100 pm, still more
preferably from about 1 um to about 50 um, and most pref-
erably from about 1 um to about 10 um. The thickness of
multilayer films incorporating a PCTFE graft copolymer film
of the invention will vary as determined by one skilled in the
art. As an example, a PCTFE graft copolymer film of the
invention maybe attached to a PCTFE fluoropolymer film,
such as an ACLAR® PCTFE film, which is commercially
available from Honeywell International Inc. of Morristown,
N.J., having a thickness of from about 1 um to about 150 um,
preferably from about 1 um to about 100 pm and more pref-
erably from about 10 pm to about 50 um. While such thick-
nesses are preferred, it is to be understood that other film
thicknesses may be produced to satisfy a particular need and
yet fall within the scope of the present invention.
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[0072] The moisture barrier of the PCTFE graft copolymer
film of the invention is determined by measuring the water
vapor transmission rate (WVTR) of the films via the proce-
dure set forth in ASTM F1249. In the preferred embodiment,
packages, films and articles formed from the PCTFE graft
copolymer films of the invention have a WVTR of from about
0.0005 to about 1 gm/100 in*/day of the overall film or article
at37.8° C. and 100% relative humidity (RH), preferably from
about 0.001 to about 0.1 gm/100 in*/day of the overall film or
article, and more preferably from about 0.003 to about 0.05
gm/100 in*/day. As is well known in the art, the water vapor
transmission rate is directly influenced by overall film thick-
ness. These ranges are based on monolayer PCTFE graft
copolymer films having a thickness less than 150 pm, with a
typical film thickness of from about 1 um to about 50 pm.

EXAMPLES

[0073] The following non-limiting examples serve to illus-

trate the invention:

[0074] 1. Br—CF,CFCl—Br (Br-CTFE-Br)

[0075] Br—CF,CFCl—Br (Br-CTFE-Br) was synthesized
as reported in the literature. See J Guiot et al., “Synthesis
and Copolymerization of Fluorinated Monomers Bearing a
Reactive Lateral Group. XX. Copolymerization of
Vinylidene Fluoride with 4-Bromo-1,1,2-trifluorobut-1-
ene,” 43 J. POLYMER SCI. PT. A: POLYMER CHEM.
917-35 (2005).

[0076] 2. Radical Telomerization of CTFE with Br-CTFE-
Br
[0077] The radical telomerization of CTFE with Br-CTFE-

Br as a telogen was performed in a 600 ml autoclave,
equipped with inlet and outlet valves, a manometer, and a
rupture disk. This autoclave was degassed and pressurized
with 20 bar of nitrogen to check for leaks. Then, a 0.004
mbar vacuum was operated for 30 min. Under vacuum, the
nonvolatile reactants, telogen Br—CF,—CFCl—Br
(194.9 g, 0.72 mol.), C,HF5 (250 mL) and the initiator
tent-butyl peroxypivalate (99.7 g, 0.43 mol., 50% relative
to the CTFE) were transferred into the autoclave. The valve
of the autoclave was closed and frozen in an acetone/liquid
nitrogen mixture. Then, the required amount of CTFE (100
g, 0.86 mol., 1.2 equiv. relative to the Br—CF,—CFCl—
Br) was introduced into the mixture by doubled weighing.
The autoclave was left to warm to room temperature, and
then was progressively heated to 74° C., by carrying out a
heating profile that included 2 min equilibrium at 40° C.,
50° C., 60° C. and 70° C. An exotherm of ca. 18-30° C.
(leading to a maximum pressure, P=11 bar) was observed,
after which the pressure dropped to 3 bar. After 16 h reac-
tion, the autoclave was placed in an ice bath for about 60
min (P=0-1 bar), and unreacted CTFE (35 g) was progres-
sively released (CTFE conversion >60%). After opening
the autoclave, the total product mixture was distilled and
yielded 112 g. The total of fractions containing CTFE
telomers was: 36.6 g of mixture (monoadduct and diad-
duct), 32.0 g of diadduct, and 43.0 g of n>2. The samples
were characterized by '°F NMR spectroscopy.
[0078] NMR of Br(CTFE),Br Telomer

[0079] FIG. 1 illustrates the °F NMR spectrum of
Br—CF,—CFCl—(CF,—CFCl),—Br where n is greater
than 5.

[0080] 3. Dehalogenation of Br(CTFE),Br for the Synthe-

sis of 4-chloro-4-bromoperfluoro-1-butene (C,Br™*)
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[0081] 3.85 g (58.9 mmol 3.0 equivalent/telomer) of finely
powdered Zn and 50 mL of THF were placed in a three-
necked round bottom glass flask swept by an argon flow
and equipped with a condenser maintained at 25° C. with a
circulating water bath, a magnetic stir bar and a dropping
funnel. Under vigorous stirring, the zinc was activated by
few drops of bromine (Br,). Then, the corresponding Br-
CTFE-CTFE-Br telomer (10.0 g, 19.6 mmol) was added
dropwise to the heterogeneous mixture. An exotherm of ca.
8-10° C. was observed. After, complete addition, the mix-
ture was left reacting at 70° C. for 24 hours. Excess zinc
was removed by flash chromatography and the zinc salts
(ZnX,, X—Cl, Br) by extracting the reaction mixture with
dichloromethane followed by water. After evaporation of
solvent and distillation under reduced pressure, 3.54 gofa
colorless liquid was obtained (yield=46%) (CF,—CF—
CF,CFCIBr, C,Br¢™%),

[0082] NMR Spectroscopy of C ,Br<™*

[0083] FIG. 2 illustrates the '°F NMR spectrum of
CF,—CF—(CF,—CFCl),—Br where n is greater than 5.

[0084] 4. Radical Copolymerization of CTFE with

C,Br“™~ (Procedure in Carrius Tubes)

The reactions were performed in thick borosilicate Carrius
tubes (length 130 mm, internal diameter 10 mm, thickness 2.5
mm; for a total volume of 8 cm?). After the introduction of the
tert-butyl peroxypivalate (38.5 mg, ~2.0 mol. % relative to the
monomer), C,Br(1.62 g, 5.6 mmol, 70 mol % in the feed) and
C,H,F (3.5 g), the tube was connected to a manifold and then
cooled into liquid nitrogen. After five freeze-thaw cycles, the
adequate CTFE gas quantity (0.28 g, 2.4 mmol, 30 mol % in
the feed) was trapped in the tube cooled in liquid nitrogen
under 20 mm Hg. To introduce the targeted CTFE quantities,
a beforehand calibration was made to link the gas pressure
(bars) to the introduced weight (g). The tube was sealed while
immersed in liquid nitrogen and left stirred at 74° C. for 16 h.
After the reaction, the tube was broken and the reaction mix-
ture was then analyzed by *°F and 'H NMR spectroscopy. The
copolymers were precipitated from cold pentane and dried
until constant weight.
[0085] NMR of P(CTFE-g-CTFE) Graft Copolymer
[0086] '°FNMR (FIG.3, CDCl,, 20° C.) § ppm: —62.5 (m,
CF,—CFCl—Br, 1F), -105 to -115 (m, —CF ,—CFCl—,
2F), =125 to =132 (m, —CF,—CFCl—, 2F).

[0087] 5. Synthesis of Telomers Br-[-VDEF-], -(CTFE)-Br
(n=1,2)
[0088] The telomerization of vinylidene fluoride (VDF) in

the presence of 3 equivalents of Br-CTFE-Br (100% Br-
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CTFE-Br of recovered from last telomerization reaction)
initiated by tert-butyl peroxypivalate (TBPPi) was carried
outin C,F Hy, with 17 gof VDF. This led to excellent VDF
conversion (>99%). After reaction and elimination of the
solvent, the 'H NMR spectrum of the crude product
showed the presence of peaks characteristic of methylene
units of VDF. The **F NMR spectrum indicated that the
product is a mixture of Br-CTFE-VDF-Br and Br-CTFE
(VDF),-Br. Various liquid telomers with n=1, 2 were iso-
lated by distillation that led to two interesting isolated
fractions, one consisting of Br-CTFE-(VDF)-Br only,
while the other contained Br-CTFE-(VDF),-Br with small
traces of high molecular weight Br-CTFE-(VDF),-Br
(n>2). Products Br-CTFE-(VDF)-Br and Br-CTFE-(VDF)
»-Br were isolated and the structures of the telomers were
confirmed by F NMR spectroscopy (FIG. 4). Total of
Fraction containing VDF telomers=51 g and the yield of
the reaction was 57%.

[0089] 6. Synthesis of an F,C—CFCH,CF,Br Monomer

(C, Monomer) via Dehalogenation

[0090] Four dehalogenation reactions of the fraction con-
taining Br-CTFE-(VDF),,-Br (n=1) were carried out in the
presence of 1.5 equivalents of Zn in the presence of THF at
0° C. Comparing the '°F NMR spectra before and after
dehalogenation confirmed that the C, monomer was syn-
thesized as evidenced by the doublets of doublets (of dou-
blets) assigned to the 3 non-equivalent fluorine atoms in
CF,—CF— end group centered at —-98, -118, and -173
ppm. This was concomitant to the disappearance of the
peaks of the BrCF, between -60 and -65 ppm. The struc-
ture of product C,Br was confirmed by 'H, *°F (FIG. 5) and
13C NMR spectroscopy. Optimum conditions for telomer
dehalogenation are: a. Addition dropwise of Br-CTFE-
(VDF)-Br at 0° C.; b. Solvent: THF (100% of conversion,
34-38% of yield); c. 1.5 equivalents of Zn; and d. Purifi-
cation using vacuum distillation only.

[0091] 7. Graft Radical Copolymerization of CTFE (and

VDF) with C,Br

[0092] Successful copolymerizations of CTFE with C,Br
monomer (containing 5-10% amount of THF) initiated by
tert-butyl peroxypivalate (IBPPi) were carried out and led
to PCTFE containing CF,Br side-group-(white powder).
With 5 mol % and 15 mol % C,Br feed, the obtained
copolymers were partially soluble in DMF (while PCTFE
is totally insoluble) and insoluble in chloroform. In con-
trast, from 30 mol % C,Br feed the obtained copolymer
was soluble in chloroform and DMF. The '°F NMR spec-
trum of the obtained polymer indicated the presence of
CTFE unit and the incorporation of C,Br monomer as
evidenced by the signal at -45 ppm and -182 ppm assigned
to CF,Br and CF respectively, and the absence of free C,Br
(peaks at =98, 118, and =173 ppm) (FIG. 6). The obtained
polymer was also characterized by infrared spectroscopy,
thermogravimetric analysis, and size-exclusion chroma-
tography. The monomodal distribution evidences the for-
mation of a copolymer and not a blend of PCTFE and
copolymer.

[0093] 8. Radical Copolymerization of CTFE (with
BCTFB)
[0094] A supply of BCTFB was obtained by reacting eth-

ylene with dibrominated CTFE in 1,1,1,3,3-pentafluo-
robutane at 120° C. for 4 hours using a mixture of tert-butyl
peroxypivalate (TBPPi, 3 mol %) and 2.5-bis(tert-butylp-
eroxy)-2,5-dimethylhexane (Trigonox 101, 4.5 mol %) as
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radical initiators, with the resulting structure being
Br—CF,—CFCl—CH,—CH,—Br after distillation
under vacuum. This was dehydrochlorinated with KOH in
refluxing methanol for 15 hours, forming Br—CF,—
CFCl—CH—CH, (BCTFB). Successful radical copoly-
merization of CTFE (96 mol % in the feed) with BCTFB
initiated by TBPPi (2 mol % with respect to both mono-
mers) was carried out at 74° C. in a 100 mL autoclave. The
1F NMR spectrum of the obtained polymer is shown in
FIG.7.
[0095] Whilethe invention has been particularly shown and
described with reference to preferred embodiments, it will be
readily appreciated by those of ordinary skill in the art that
various changes and modifications may be made without
departing from the spirit and scope of the invention. It is
intended that the claims be interpreted to cover the disclosed
embodiment, those alternatives which have been discussed
above and all equivalents thereto.
What is claimed is:
1. A polymeric molecule having the formula:

X—{C(ARLCEB)B],-QICY=C(Z)(Z)] or

[C(A)=C(B)],-QIC(Y)(Y)—C(Z)Z)]—X',

wherein A is either H or F; B and B' are either H, F, or Cl,
and are not necessarily the same,
wherein X and X' are Br, Cl or I (and are not necessarily the
same),
wherein Y and Y' are F, Br, Cl or I (and are not necessarily
the same), wherein 7Z and 7' are F, Br, Cl or I (and are not
necessarily the same),
wherein Q is optional and is either oxygen (O) or sulfur (S);
and
wherein n is at least 1.
2. The polymeric molecule of claim 1, whereinnis 1 to 10.
3. The polymeric molecule of claim 1, wherein X or X' is
Br.
4. The polymeric molecule of claim 1, wherein the mol-
ecule has the formula:

Br-[-CTFE-],-(CTFE)-Br.

5. The polymeric molecule of claim 1, wherein the mol-
ecule has the formula:

Br-[-VDF-],-(CTFE)-Br.

6. The polymeric molecule of claim 1, wherein the mol-
ecule has the formula:

Br-[-Ethylene-],-(CTFE)-Br.

7. A process for the synthesis ofa X'—[C(A),C(B)(B")],—
CY—C(Z)(Z") polymeric molecule, wherein A is either H or
F; B and B' are either H, F, or Cl, and are not necessarily the
same; X and X' are Br, Cl or I (and are not necessarily the
same); Y is F, Br, Cl or I; and wherein Z and Z' are F, Br, Cl or
I (and are not necessarily the same); and n is at least 1, the
process comprising:

a) reacting a C(A),C(B)(B") taxogen and an X—C(Y)(Y")
—C(Z)(Z")—X"telogen in the presence of a free radical
initiator, wherein Y' is F, Br, Cl or 1, thereby forming a
dihalogenated telomer having the formula:

X'—[CA)CB)B)],—CY)(Y)=C@)Z)—W;

and

b) dehalogenating said dihalogenated telomer to form a
monomer X' X—[C(A),C(B)(B"],—CY—=C(Z)(Z".
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8. The process of claim 7, wherein n is 1 to 10.

9. The process of claim 7, wherein the free radical initiator
comprises tert-butyl peroxypivalate or 2,5-dimethyl-2,5-di
(tert-butylperoxy)hexane.

10. The process of claim 7, wherein X and X' are both Br,
Bis F,and B'is F or Cl.

#* #* #* #* #*
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