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(57) ABSTRACT

Provided is a method of producing a fluorine-containing
copolymer, the method including carrying out solution poly-
merization using monomers including ethylene and tetra-
fluoroethylene, in a polymerization medium containing at
least one polymerization solvent A selected from the group
consisting of compounds represented by Formula 1 to For-
mula 4. Also provided is a fluorine-containing copolymer.
Descriptions for Formula 1 to Formula 4 are omitted.
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FLUORINE-CONTAINING COPOLYMER
PRODUCTION METHOD AND FLUORINE-
CONTAINING COPOLYMER

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a Continuation of International
Application No. PCT/JP2021/048650, filed Dec. 27, 2021,
which claims priority to Japanese Patent Application No.
2021-002103 filed Jan. 8, 2021. Each of the above applica-
tions is hereby expressly incorporated by reference, in its
entirety, into the present application.

TECHNICAL FIELD

[0002] The present disclosure relates to a method of pro-
ducing a fluorine-containing copolymer, and a fluorine-con-
taining copolymer.

BACKGROUND ART

[0003] Fluorine-containing polymers are polymer materi-
als excellent in heat resistance, solvent resistance, chemical
resistance, and the like. Because of such advantageous char-
acteristics, fluorine-containing polymers have been utilized
in a variety of uses in recent years.

[0004] As production methods for fluorine-containing
polymers, polymerization methods such as solution poly-
merization, suspension polymerization, and emulsion poly-
merization are known.

[0005] For example, Chinese Patent Application Laid-
Open (CN-A) No. 110467695 describes a method in which
polymerization reaction is carried out by emulsion polymer-
ization using ethylene and tetrafluoroethylene as raw mate-
rials, in a mixed liquid of water and an organic solvent.
Japanese Patent Application Laid-Open (JP-A) No. HS-
59717 describes a production method for a hydrogen-con-
taining fluoropolymer, the method including carrying out
(co)polymerization in an organic suspension medium in
the presence of a radical photoinitiator and an ultraviolet-
visible ray at a temperature of from -60° C. to 30° C.

SUMMARY OF INVENTION
Technical Problem

[0006] However, since the production methods described
in CN-A No. 110467695 and JP-A No. H8-59717 show
slow polymerization rates, a method for more efficiently
obtaining a fluorine-containing copolymer has been
demanded.

[0007] According to embodiments of the present inven-
tion, a method of producing a fluorine-containing copoly-
mer at a higher polymerization rate than before, and a fluor-
ine-containing copolymer obtained by the production
method, are provided.

Solution to Problem

[0008] The disclosure includes the following modes.

[0009] <I> A method of producing a fluorine-containing
copolymer, the method including carrying out solution poly-
merization using monomers including ethylene and tetra-
fluoroethylene, in a polymerization medium containing at
least one polymerization solvent A selected from the group
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consisting of compounds represented by the following For-
mula 1 to Formula 4:
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[0010] wherein, in Formula 1,

[0011] Y! represents a nitrogen atom or an oxygen
atom,;

[0012] when Y! is a nitrogen atom, p, m, n, and k are
each independently an integer satisfying p + m > 1
andp+m+n+k=3;

[0013] when Y! is an oxygen atom, p, m, 1, and k are
each independently an integer satisfying p + m > 1
andp+m+n+k=2;and

[0014] when p is not less than 1, n is not less than 1;

[0015] wherein, in Formula 2,

[0016] Y2 represents a carbon atom, a silicon atom, a
phosphorus atom, or a sulfur atom;

[0017] when Y2 is a carbon atom or a silicon atom, s,
t, u, and v are each independently an integer satisfy-
mgs+t>lands+t+u+v=4;

[0018] when Y2 is a phosphorus atom, s, t, u, and v
are each independently an integer satisfying s +t > 1
ands+t+u+v=3;

[0019] when Y2 is a sulfur atom, s, t, u, and v are each
independently an integer satisfyings +t>1and s+t

tut+tv=2;
[0020] when s is not less than 1, u is not less than 1;
and

[0021] each X independently represents a chlorine
atom or a bromine atom; wherein, in Formula 1 and
Formula 2,

[0022] each Z! is independently a group represented
by any one of the following Formulae T1 to T14;

[0023] wherein, in Formula 3,

[0024] Y3 represents a carbon atom or a silicon atom;
and

[0025] R! to R# each independently represent a
methyl group, a tert-butyl group, or a tert-butoxy
group; and

[0026] wherein, in Formula 4,

[0027] Z2 is a group represented by the following

Formula T14;
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[0028] wherein, in Formulae T1 to T14, each Al
independently represents a hydrogen atom, a
chlorine atom, a methyl group, a tert-butyl group,
—OR, —NR,f, or —SR; each A2 independently
represents a chlorine atom, a methyl group, a
tert-butyl group, —OR, —NR,, or —SR; each R
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independently represents a methyl group or tert-

butyl group; and * represents a bonding site.
[0029] <2> The method of producing a fluorine-contain-
ing copolymer according to <1>, wherein in Formula 2, Y2
represents a carbon atom, a silicon atom, or a sulfur atom.
[0030] <3> The method of producing a fluorine-contain-
ing copolymer according to <1>, wherein in Formula 2, Y2
represents a carbon atom or a silicon atom.
[0031] <4> The method of producing a fluorine-contain-
ing copolymer according to any one of <1> to <3>, wherein
in Formula 2, X represents a chlorine atom.
[0032] <5> The method of producing a fluorine-contain-
ing copolymer according to any one of <1> to <4>, wherein,
in Formulae T1 to T14, each A! independently represents a
methyl group, a tert-butyl group, —OR, or —NR,; each A2
independently represents a methyl group, a tert-butyl group,
—OR, or —NR,; and each R independently represents a
methyl group or a tert-butyl group.
[0033] <6> The method of producing a fluorine-contain-
ing copolymer according to any one of <1>to <5>, wherein,
in Formula 1 and Formula 2, each Z1 is independently a
group represented by any one of Formulae T1 to T7.
[0034] <7> The method of producing a fluorine-contain-
ing copolymer according to any one of <1>to <6>, wherein,
in Formula 1 and Formula 2, each 7! is independently a
group represented by any one of Formulae T1 to T3.
[0035] <8> The method of producing a fluorine-contain-
ing copolymer according to any one of <1>to <7>, wherein,
in Formula 3, Y3 represents a carbon atom.
[0036] <9> The method of producing a fluorine-contain-
ing copolymer according to any one of <1>to <8>, wherein,
in a stage during the polymerization, the following inequa-
tion is satisfied: 0.5 <M,,; X S/M,,,, < 1.0 wherein M,,; is
an amount of substance (mol) of the polymerization solvent
A; S is a total solubility (mol/mol) of the ethylene and the
tetrafluoroethylene in the polymerization solvent A; and
M,,... 1s a total amount of substance (mol) of the ethylene
and the tetrafluoroethylene dissolved in the polymerization
medium.
[0037] <10> A fluorine-containing copolymer including
structural ~ units  derived  from  ethylene  and
tetrafluoroethylene,

[0038] wherein an amount of substance of end groups
derived from at least one polymerization solvent A
selected from the group consisting of compounds repre-
sented by the following Formula 1 to Formula 4 is from
0.1 pmol/g to 100 umol/g with respect to a total mass of
the fluorine-containing copolymer:
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[0039] wherein, in Formula 1,

[0040] Y! represents a nitrogen atom or an oxygen
atom;

[0041] when Y is a nitrogen atom, p, m, n, and k are
each independently an integer satisfying p + m > 1
andp+m+n+k=3;

[0042] when Y! is an oxygen atom, p, m, n, and k are
each independently an integer satisfying p + m > 1
andp+m+n+k=2;and

[0043] when p is not less than 1, n is not less than 1;

[0044] wherein, in Formula 2,

[0045] Y2 represents a carbon atom, a silicon atom, a
phosphorus atom, or a sulfur atom;

[0046] when Y2 is a carbon atom or a silicon atom, s,
t, u, and v are each independently an integer satisfy-
ings+t>lands+t+u+v=4;

[0047] when Y2 is a phosphorus atom, s, t, u, and v
are each independently an integer satisfying s +t > 1
ands+t+u+v=3;

[0048] when Y2 is a sulfuratom, s, t, u, and v are each
independently an integer satisfying s+t>1and s+t

tut+tv=2;
[0049] when s is not less than 1, u is not less than 1;
and

[0050] each X independently represents a chlorine
atom or a bromine atom; wherein, in Formula 1 and
Formula 2,

[0051] each Z! is independently a group represented
by any one of the following Formulae T1 to T14;

[0052] wherein, in Formula 3,

[0053] Y3 represents a carbon atom or a silicon atom;
and

[0054] R! to R# each independently represent a
methyl group, a tert-butyl group, or a tert-butoxy
group; and

[0055] wherein, in Formula 4,
[0056] 72 is a group represented by the following

Formula T14;
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[0057] wherein in Formulae T1 to T14, each Al inde-
pendently represents a hydrogen atom, a chlorine atom,
a methyl group, a tert-butyl group, —OR, —NR;, or
—SR; each A? independently represents a chlorine
atom, a methyl group, a tert-butyl group, —OR,
—NR,, or —SR; each R independently represents a
methyl group or a tert-butyl group; and * represents a
bonding site. Advantageous Effects of Invention
[0058] According to the disclosure, a method of producing
a fluorine-containing copolymer at a higher polymerization
rate than before, and a fluorine-containing copolymer
obtained by the production method, are provided.

DESCRIPTION OF EMBODIMENTS

[0059] In the disclosure, each numerical range expressed
using “from ... to ...” means the range including the values
described before and after “to” as the minimum value and
the maximum value, respectively.

[0060] Regarding the numerical ranges described in a
stepwise manner in the disclosure, the upper limit value or
lower limit value described for a certain numerical range
may be replaced by the upper limit value or lower limit
value of another numerical range in the stepwise descrip-
tion. Regarding the numerical ranges described in the dis-
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closure, the upper limit value or lower limit value described
in a certain numerical range may be replaced by a value
described in Examples.

[0061] In the disclosure, a combination of two or more
preferred modes is a more preferred mode.

[0062] In the disclosure, when a plurality of kinds of sub-
stances corresponding to a certain component are present,
the amount of the component means the total amount of
the plurality of kinds of substances, unless otherwise
specified.

Method of Producing Fluorine-Containing
Copolymer

[0063] The method of producing a fluorine-containing
copolymer of the disclosure is a method including carrying
out solution polymerization using monomers including
ethylene and tetrafluoroethylene, in a polymerization med-
ium containing at least one polymerization solvent A
selected from the group consisting of compounds repre-
sented by the following Formula 1 to Formula 4:
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[0064] wherein in Formula 1,

[0065] Y! represents a nitrogen atom or an oxygen
atom;

[0066] when Y is a nitrogen atom, p, m, n, and k are
each independently an integer satisfying p + m > 1
andp+m+n+k=3;

[0067] when Y! is an oxygen atom, p, m, n, and k are
each independently an integer satisfying p + m > 1
andp+m+n+k=2;and

[0068] when p is not less than 1, n is not less than 1;

[0069] wherein in Formula 2,

[0070] Y2 represents a carbon atom, a silicon atom, a
phosphorus atom, or a sulfur atom;

[0071] when Y2 is a carbon atom or a silicon atom, s,
t, u, and v are each independently an integer satisfy-
ings+t>lands+t+u+v=4;

[0072] when Y2 is a phosphorus atom, s, t, u, and v
are each independently an integer satisfying s +t > 1
ands+t+u+v=3;

[0073] when Y?2is a sulfuratom, s, t, u, and v are each
independently an integer satisfying s+t>1and s+t
+u+tv=2;

[0074] when s is not less than 1, u is not less than 1;
and
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[0075] each X independently represents a chlorine
atom or a bromine atom; wherein in Formula 1 and
Formula 2,

[0076] each Z! is independently a group represented
by any one of the following Formulae T1 to T14;

[0077] wherein in Formula 3,

[0078] Y3 represents a carbon atom or a silicon atom;
and

[0079] R! to R4 each independently represent a
methyl group, a tert-butyl group, or a tert-butoxy
group; and

[0080] wherein in Formula 4,

[0081] Z2 is a group represented by the following

Formula T14;
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[0082] wherein in Formulae T1 to T14, each A! inde-
pendently represents a hydrogen atom, a chlorine atom,
a methyl group, a tert-butyl group, —OR, —NR,, or
—SR; each A2 independently represents a chlorine
atom, a methyl group, a tert-butyl group, —OR,
—NR,, or —SR; each R independently represents a
methyl group or tert-butyl group; and * represents a
bonding site.
[0083] By the use of the method of producing a fluorine-
containing copolymer of the disclosure, polymerization can
be allowed to proceed at a higher polymerization rate than
before, to obtain a fluorine-containing copolymer. The pre-
sent inventors infer that the reason why such an effect can be
produced may be as follows.
[0084] In the method of producing a fluorine-containing
copolymer of the disclosure, polymerization is carried out
in a polymerization medium containing at least one poly-
merization solvent A selected from the group consisting of
compounds represented by Formula 1 to Formula 4. All
polymerization solvents A have low chain transfer activ-
ities. It is therefore assumed that the polymerization of the
monomers including ethylene and tetrafluoroethylene can
smoothly proceed.
[0085] The method of producing a fluorine-containing
copolymer, and the fluorine-containing copolymer, of the
disclosure are described below in detail.

Polymerization Medium

[0086] The polymerization medium contains at least one
polymerization solvent A selected from the group consisting
of compounds represented by Formula 1 to Formula 4.
[0087] <Compound Represented by Formula 1>

() @

[0088] In Formula 1, Y! represents a nitrogen atom or an
oxygen atom.

[0089] When Y is a nitrogen atom, p, m, n, and k are each
independently an integer satisfyingp+m>1andp+m+n
+k=3.

[0090] When Y is an oxygen atom, p, m, n, and k are each
independently an integer satisfyingp+m>1andp+m+n
+k=2.

[0091] When p is not less than 1, n is not less than 1;

[0092] Each Z! is independently a group represented by
any one of Formulae T1 to T14;

[0093] In Formulae T1 to T14, each Al independently
represents a hydrogen atom, a chlorine atom, a methyl
group, a tert-butyl group, —OR, —NR,, or —SR; each
AZ? independently represents a chlorine atom, a methyl
group, a tert-butyl group, —OR, —NR,, or —SR; each
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R independently represents a methyl group or tert-butyl
group; and * represents a bonding site. [0025]
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[0094] In Formula 1, examples of the combination of p, m,
n, and k include the following modes.

[0095] When Y1 is a nitrogen atom,

[0096] (p,m,n,k)=(0,1,0,2),(0,1,1,1),(0,1,2,0),(l,
0,1,D,(1,0,2,0),(0,2,0,1),(0,2,1,0),(1,1,1,0), 2, 0,
1,0), or (0, 3,0, 0).

[0097] When Y! is an oxygen atom,

[0098] (p,m,n,k)=(0,1,0,1),(0,1,1,0),(1,0,1,0),0r
(0,2,0,0).

[0099] From the viewpoint of increasing the polymeriza-
tion rate and the molecular weight, Y1 in Formula 1 is pre-
ferably an oxygen atom. In particular, the combination of p,
m, n, and k is preferably as follows: (p, m,n,k)=(0, 1,0, 1),
©,1,1,0,0r(1,0,1,0).

[0100] When n is not less than 1, from the viewpoint of
increasing the polymerization rate, each Z! is independently
a group represented by any one of Formulae T1 to T14, pre-
ferably a group represented by any one of Formulae T1 to
T7, more preferably a group represented by any one of For-
mulae T1 to T3.

[0101] In Formulae T1 to T14, each A! independently
represents a hydrogen atom, a chlorine atom, a methyl
group, a tert-butyl group, —OR, —NR;,, or —SR; each A2
independently represents a chlorine atom, a methyl group, a
tert-butyl group, —OR, —NR,, or —SR; and each R inde-
pendently represents a methyl group or a tert-butyl group. In
particular, each Al preferably independently represents a
methyl group, a tert-butyl group, —OR, or —NR,; each
AZ preferably independently represents a methyl group, a
tert-butyl group, —OR, or —NR,; and each R preferably
independently represents a methyl group or a tert-butyl
group.

[0102] In the compound represented by Formula 1, exam-
ples of Z! include the following compounds.
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[0103] Specific examples of the compound represented by
Formula 1 are described below, but the compound repre-
sented by Formula 1 is not limited to these.
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[0104] <Compound Represented by Formula 2>
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[0105] In Formula 2, Y2 represents a carbon atom, a sili-
con atom, a phosphorus atom, or a sulfur atom.

[0106] When Y2 is a carbon atom or a silicon atom, s, t, u,
and v are each independently an integer satisfying s +t > 1
ands+t+u+v=4

[0107] When Y2 is a phosphorus atom, s, t, u, and v are
each independently an integer satisfyings +t> 1l ands +t+
u+v=3.

[0108] When Y2 is a sulfur atom, s, t, u, and v are each
independently an integer satisfyings +t>1 ands+t+u+v
=2.

[0109] When s is not less than 1, u is not less than 1.
[0110] Each X independently represents a chlorine atom
or a bromine atom.

[0111] Each Z! is independently a group represented by
any one of Formulae T1 to T14.

[0112] In Formula 2, examples of the combination of s, t,
u, and v include the following modes.

[0113] When Y2 is a carbon atom or a silicon atom,
[0114] (5,t,u,v)=(0,1,0,3),(0,1,1,2),(0,1,2,1),(0, 1,
3,0,(1,0,1,2),(1,0,2,1),(1,0,3,0),(0,2,0,2), (0,2, 1,
1,00,2,2,0),(1,1,1,1),(1,1,2,0),(2,0,1,1),(2,0,2,0),
0,3,0,1),(0,3,1,0,(1,2,1,0),(2,1,1,0),0r 3,0, 1, 0)
[0115] When Y2 is a phosphorus atom,

[0116] (s,t,u,v)=(0,1,0,2),(0,1,1,1),(0,1,2,0),(1,0,
1,1,(1,0,2,0),(0,2,0,1),(0,2,1,0),(1,1,1,0),(2,0,1,
0, or (0,3,0,0).

[0117] When Y2 is a sulfur atom,

[0118] (s,t,u,v)=(0,1,0,1),(0,1,1,0),(1,0,1,0), 0r (0,

2,0, 0).

[0119] In particular, when Y?2 is a carbon atom, the com-
bination of s, t, u, and v is preferably as follows: (s, t, u, v) =
(3,0, 1, 0). When Y2 is a phosphorus atom, the combination
of s, t, u, and v is preferably as follows: (s, t, u, v) =(0, 3, 0,
0).

[0120] From the viewpoint of increasing the polymeriza-
tion rate and the molecular weight, Y2 in Formula 2 is pre-
ferably a carbon atom, a silicon atom, or a sulfur atom, more
preferably a carbon atom or a silicon atom, still more pre-
ferably a carbon atom.

[0121] From the viewpoint of increasing the polymeriza-
tion rate, X in Formula 2 is preferably a chlorine atom.
[0122] When u is not less than 1, from the viewpoint of
increasing the polymerization rate, each Z! is independently
a group represented by any one of Formulae T1 to T14, pre-
ferably a group represented by any one of Formulae T1 to
T7, more preferably a group represented by any one of For-
mulae T1 to T3.

[0123] In Formulae T1 to T14, each A! independently
represents a hydrogen atom, a chlorine atom, a methyl
group, a tert-butyl group, —OR, —NR,, or -SR; each A2
independently represents a chlorine atom, a methyl group,
a tert-butyl group, —OR, —NR,, or —SR; and each R inde-
pendently represents a methyl group or tert-butyl group. In
particular, each Al preferably independently represents a
methyl group, a tert-butyl group, —OR, or —NR,; each
A2 preferably independently represents a methyl group, a
tert-butyl group, —OR, or —NR,; and each R preferably
independently represents a methyl group or tert-butyl group.
[0124] In the compound represented by Formula 2, exam-
ples of Z1 include those exemplified for Z! in the compound
represented by Formula 1.
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[0125] Specific examples of the compound represented by
Formula 2 are described below, but the compound repre-
sented by Formula 2 is not limited to these.
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<Compound Represented by Formula 3>

[0126]

R! 3

[0127] In Formula 3, Y3 represents a carbon atom or a
silicon atom.

[0128] R! to R* each independently represent a methyl
group, tert-butyl group, or tert-butoxy group.

[0129] Specific examples of the compound represented by
Formula 3 are described below, but the compound repre-
sented by Formula 3 is not limited to these.

CH;
H;C—Y3—CH;
CH;
Bu
Hy;C—C—CH;
CH;

3

CH;
H;C—Si—CH;,4

CH;,

Bu
H;C—Si—CH;,4

CH,;

3
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OtBu
H;C—Si—CH;,4
CH;

3

[0130] From the viewpoint of increasing the polymeriza-
tion rate and the molecular weight, Y3 in Formula 3 is pre-
ferably a carbon atom.

[0131] Further, from the viewpoint of increasing the poly-
merization rate and the molecular weight, R! to R4 in For-
mula 3 are preferably methyl groups.

<Compound Represented by Formula 4>

[0132]
CH;—Z? (C)]

[0133] In Formula 4, 72 is the group represented by the
following Formula T14.

#—CN (T14)

[0134] Thus, the compound represented by Formula 4 is
acetonitrile.

[0135] When a compound in the polymerization solvent A
not only corresponds to a compound represented by For-
mula 1, but also corresponds to a compound represented
by Formula 2, this compound is regarded as a compound
represented by Formula 1. Thus, the compounds represented
by Formula 2 do not include the compounds represented by
Formula 1. In the polymerization solvent A, when a com-
pound not only corresponds to a compound represented by
Formula 1, but also corresponds to a compound represented
by Formula 3, the compound is regarded as a compound
represented by Formula 1. Thus, the compounds represented
by Formula 3 do not include the compounds represented by
Formula 1.

[0136] For example, methyl pivalate and tert-butyl piva-
late not only correspond to compounds represented by For-
mula 1, but also correspond to compounds represented by
Formula 2. However, they are regarded as compounds repre-
sented by Formula 1. Thus, the compounds represented by
Formula 2 do not include methyl pivalate and tert-butyl
pivalate. Di-tert-butyl ether not only corresponds to a com-
pound represented by Formula 1, but also corresponds to a
compound represented by Formula 3. However, it is
regarded as a compound represented by Formula 1. Thus,
the compounds represented by Formula 3 do not include
di-tert-butyl ether.

<Other Polymerization Solvents>

[0137] In the method of producing a fluorine-containing
copolymer of the disclosure, the polymerization medium
may also contain a polymerization solvent other than the
polymerization solvent A. However, from the viewpoint of
increasing the polymerization rate, the polymerization med-
um preferably does not contain other polymerization
media, and is preferably composed only of the polymeriza-
tion solvent A.

[0138] Examples of the other polymerization solvent
include aromatic hydrocarbon solvents such as benzene,
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toluene, and xylene; sulfoxide solvents such as dimethyl
sulfoxide (DMSO); ketone solvents such as acetone and 2-
butanone (methyl ethyl ketone); ether solvents such as tetra-
hydrofuran (THF) and dioxane; ester solvents such as ethyl
acetate; and halogen-containing solvents such as hexafluor-
oisopropanol, chloroform, 1H-perfluorohexane,
1H,1H,1H,2H,2H-perfluorooctane, 1,3-bis(trifluoromethyl)
benzene, 1.4-bis(trifluoromethyl)benzene, benzotrifluoride,
chlorobenzene, and 1,2-dichlorobenzene.

(Monomers Including Ethylene and Tetrafluoroethylene)

[0139] In the method of producing a fluorine-containing
copolymer of the disclosure, monomers including ethylene
and tetrafluoroethylene are polymerized. Thus, the fluorine-
containing copolymer obtained by the method of producing
a fluorine-containing copolymer of the disclosure includes a
structural unit derived from ethylene (hereinafter also
referred to as “E unit”) and a structural unit derived from
tetrafluoroethylene (hereinafter also referred to as “TFE
unit”).

[0140] The monomers used for the polymerization may
also include a monomer other than ethylene and tetrafluor-
octhylene. Thus, the fluorine-containing copolymer may
also include a structural unit other than the E unit and the
TFE unit.

[0141] Examples of the monomer other than ethylene and
tetrafluoroethylene include the following monomers (1) to
(7). The other monomer may be one kind of monomer, or
may be two or more kinds of monomers.

[0142] Monomer (1): a compound represented by
CH,=CX11(CF,), Y1l

[0143] In the formula, X1! and Y'!! are each independently
a hydrogen atom or fluorine atom, and n is an integer from 2
to 8.

[0144] Monomer (2): a fluoroolefin containing a hydrogen
atom in an ethylenic unsaturated group, such as vinylidene
fluoride, vinyl  fluoride, trifluoroethylene, or
hexafluoroisobutylene.

[0145] Monomer (3): a fluoroolefin not containing a
hydrogen atom in an ethylenic unsaturated group, such as
hexafluoropropylene (however, TFE is excluded).

[0146] Monomer (4): perfluoro(alkyl vinyl ether), such as
perfluoro(methyl vinyl ether), perfluoro(ethyl vinyl ether),
perfluoro(propyl vinyl ether), or perfluoro(butyl vinyl
ether).

[0147] Monomer (5): perfluoro(vinyl alkenyl ether) hav-
ing two ethylenic unsaturated bonds and capable of cyclo-
polymerization, such as CF,=CFOCF,CF=CF, or
CF,=CFO(CF;),CF=CF,.

[0148] Monomer (6): a fluorine-containing monomer con-
taining an alicyclic structure, such as perfluoro(2,2-
dimethyl-1,3-dioxole), 2,2 4-trifluoro-5-trifluoromethoxy-
1,3-dioxole, or  perfluoro(2-methylene-4-methyl-1,3-
dioxolane).

[0149] Monomer (7): a monomer containing a polar func-
tional group, but not containing a fluorine atom (hereinafter
also referred to as a polar functional group-containing
monomer).

[0150] Examples of the polar functional group include a
hydroxy group, a carboxy group, an epoxy group, and an
acid anhydride residue. In particular, the polar functional
group is preferably an acid anhydride residue.

[0151] Examples of the polar functional group-containing
monomer include vinyl ethers containing a hydroxy group
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and an epoxy group; unsaturated carboxylic acids (such as
maleic acid, itaconic acid, citraconic acid, and undecylenic
acid); and unsaturated polycarboxylic acid anhydrides (such
as maleic anhydride, itaconic anhydride, citraconic anhy-
dride, and himic anhydride).

[0152] Among the monomers (1) to (7), monomer (1) is
preferred from the viewpoint of the fact that it has high reac-
tivity with ethylene and tetrafluoroethylene. Specific exam-
ples of monomer (1) include CH,=CF(CF,),F,

CHL=CF(CF,);F, CH,=CF(CF,),F, CH,=CF(CF,)sF,
CHL=CF(CF,)sF, CH,=CF(CF,),H, CH,=CF(CF,);H,
CHIL=CF(CF,),;H, CH,=CF(CF,)sH, CH,=CF(CF)sH,
CH,=CH(CF,),F, CH,=CH(CF.);F, CH,=CH(CF>)JF,
CH,=CH(CF,)sF, CH,=CH(CF,)sF, CH,=CH(CF,)F,

CH,=CH(CF,),H, CH,=CH(CF,);H, CH,=CH(CF,),H,
CH,=CH(CF,)sH, and CH,=CH(CF;)sH. In particular,
monomer (1) is preferably CH,=CH(CF»),F. The integer n
in monomer (1) is from 2 to 8, preferably from 3 to 7, more
preferably from 4 to 6.

[0153] Among the monomers used in the polymerization,
the content of the other monomer is preferably from
0.001 mol% to 20 mol%, more preferably from 0.1 mol%
to 15 mol%, still more preferably from 0.2 mol% to 5 mol%,
with respect to the total amount of monomers. When the
other monomer is monomer (7), its content is preferably
from 0.01 mol% to 5 mol%, more preferably from
0.05 mol% to 3 mol%, still more preferably from
0.1 mol% to 1 mol%.

[0154] The content molar ratio between ethylene and tet-
rafluoroethylene (ethylene/ tetrafluoroethylene) is prefer-
ably from 20/80 to 80/20, more preferably from 70/30 to
30/70, still more preferably from 50/50 to 35/65.

(Polymerization Initiator)

[0155] In the method of producing a fluorine-containing
copolymer of the disclosure, a polymerization initiator is
preferably used for initiating the polymerization reaction.
[0156] The polymerization initiator is preferably a radical
polymerization initiator. Examples of the radical polymeri-
zation initiator include azo compounds such as azobisisobu-
tyronitrile and 2,2'-azobis(4-methoxy-2,4-dimethylvalero-
nitrile);  peroxydicarbonates such as  diisopropyl
peroxydicarbonate; peroxy esters such as tert-butyl peroxy-
pivalate, tert-butyl peroxyisobutyrate, and tert-butyl perox-
yacetate; non-fluorine-containing diacyl peroxides such as
diisobutyryl peroxide, octanoyl peroxide, benzoyl peroxide,
and lauroyl peroxide; fluorine-containing diacyl peroxides
such as (Z(CF,),COO), (wherein Z is a hydrogen atom,
fluorine atom, or chlorine atom, and p is an integer from 1
to 10); perfluoro-tert-butyl peroxide; and inorganic perox-
ides such as potassium persulfate, sodium persulfate, and
ammonium persulfate.

(Chain Transfer Agent)

[0157] In the method of producing a fluorine-containing
copolymer of the disclosure, the polymerization reaction
may be carried out in the presence of a chain transfer
agent. In the presence of the chain transfer agent, the mole-
cular weight of the fluorine-containing copolymer to be pro-
duced can be easily controlled.

[0158] Examples of the chain transfer agent include alco-
hols such as methanol, ethanol, 2.2 2-trifluoroethanol,
2,2,3,3-tetrafluoropropanol, 1,1,1,3,3,3-hexafluoroisopropa-
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nol, and 2,2.3.3,3-pentafluoropropanol; hydrocarbons such
as n-pentane, n-hexane, and cyclohexane; hydrofluorocar-
bons such as CF,H,; ketones such as acetone; mercaptans
such as methyl mercaptan; esters such as methyl acetate and
ethyl acetate; and ethers such as diethyl ether and methyl
ethyl ether.

(Polymerization Method)

[0159] The polymerization in the method of producing a
fluorine-containing copolymer of the disclosure is solution
polymerization. Solution polymerization is a polymerization
method in which polymerization is carried out in a state
where monomers are dissolved in a polymerization medium.
Solution polymerization can be distinguished from emul-
sion polymerization and suspension polymerization, in
which polymerization is carried out in a state where mono-
mers are dispersed in a polymerization medium.

[0160] In the method of producing a fluorine-containing
copolymer of the disclosure, polymerization reaction is
allowed to proceed by, for example, continuously or inter-
mittently adding monomers including ethylene and tetra-
fluoroethylene to a polymerization medium.

(Polymerization Conditions)

[0161] In the method of producing a fluorine-containing
copolymer of the disclosure,

0.5 <M, xS/ My, <1.0

‘mon

(wherein M, is the amount of substance (mol) of the poly-
merization solvent A; S is the total solubility (mol/mol) of
ethylene and tetrafluoroethylene in the polymerization sol-
vent A; and M,,,,,, is the total amount of substance (mol) of
ethylene and tetrafluoroethylene dissolved in the polymeri-
zation medium)

[0162] is preferably satisfied in a stage during the
polymerization.

[0163] In the disclosure, the term “during the polymeriza-
tion” means the time during which a fluorine-containing
copolymer containing ethylene and tetrafluoroethylene is
produced.

[0164] In cases where the polymerization medium is com-
posed only of the polymerization solvent A, and where no
polymerization medium other than the polymerization sol-
vent A is contained, M,,; X S/M,,,0,, 18 1.0. In cases where the
polymerization medium contains a polymerization medium
other than the polymerization solvent A, M;,; X S/M,,0p
isless than 1.0.

[0165] In cases where M,,; x S/M,,,, is from 0.5 to 1.0,
chain transfer by the polymerization medium can be sup-
pressed to increase the polymerization rate. From the view-
point of further increasing the polymerization rate, M,,; X S/
M,,,,,, 1s more preferably from 0.7 to 1.0, still more prefer-
ably from 0.85 to 1.0.

<Amount of Substance of Polymerization Solvent A, M,,>

[0166] M,,;, which represents the amount of substance of
the polymerization solvent A, is calculated using the follow-
ing equation.
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M, (mol)=
weight ( g) or the polymerization solvent

A/molecular weight of the polymerizaion solvent A

[0167] As the weight of the polymerization solvent A, a
value obtained by measurement under atmospheric pressure
is employed.

(Total Solubility S of Ethylene and Tetrafluoroethylene in
Polymerization Solvent A>

[0168] The total solubility S of ethylene and tetrafluor-
oethylene in the polymerization solvent A is calculated by
the following method.

[0169] First, the vapor pressure of the polymerization sol-
vent A, P, is measured. Py, is defined as a pressure deter-
mined by placing a polymerization medium in a stainless-
steel autoclave equipped with a stirrer, carrying out degas-
sing by freeze-pump-thaw twice, keeping the internal tem-
perature of the reactor at a predetermined temperature T, and
then observing the pressure. T means the liquidus tempera-
ture. The temperature of the gas-phase is regarded as the
same as the liquidus temperature.

[0170] In a stainless-steel autoclave equipped with a stir-
rer, weighed polymerization solvent A is added. Based on
the weight (g) of the weighed polymerization solvent A, the
amount of substance of the polymerization solvent A, M’
(mol), is calculated.

[0171] Subsequently, a weighed mixed gas of ethylene
and tetrafluoroethylene is fed into the stainless-steel auto-
clave equipped with a stirrer. At this time, the mixing ratio
(molar ratio) between ethylene and tetrafluoroethylene is
defined as ethylene: tetrafluoroethylene = x: y. The amount
of the mixed gas of ethylene and tetrafluoroethylene, M,
(mol), is calculated according to the following equation
using the weight of the weighed mixed gas, W (g).

M,y = W/(28x + 100y)

[0172] After a sufficient length of time, the pressure
becomes constant. This pressure is defined as the total pres-
sure P,

[0173] The partial pressure of the mixed gas of ethylene
and tetrafluoroethylene, P,,,,,, is calculated according to the
following equation.

Pron = Pan = Feal

st

[0174] The volume of the gas-phase of the stainless-steel
autoclave equipped with a stirrer, V, is calculated according
to the following equation.

[0175] V = internal capacity of the stainless-steel auto-
clave equipped with a stirrer - volume of the polymerization
solvent A

[0176] The amount of substance of the mixed gas of ethy-
lene and tetrafluoroethylene present in the gas-phase in the
stainless-steel autoclave equipped with a stirrer, M, (mol), is
calculated according to the following equation. R means the
gas constant.

M, =P,,,, V/RT
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[0177] The amount of substance of the mixed gas of ethy-
lene and tetrafluoroethylene dissolved in the polymerization
solvent A, M',,,,,, (mol), is calculated according to the fol-
lowing equation.

M;non =My - Mg

[0178] The total solubility of ethylene and tetrafluoroethy-
lene in the polymerization solvent A, S, is calculated accord-
ing to the following equation.

S = My, /M’

‘mon

<Total Amount of Substance of FEthylene and
Tetrafluoroethylene Dissolved in Polymerization Medium,
Mmon>

[0179] The total amount of substance of ethylene and tet-
rafluoroethylene dissolved in the polymerization medium,
M,,.on> 18 calculated by the following method.

[0180] First, the vapor pressure of the polymerization
medium, P’y is measured. P'y,; is defined as a pressure
determined by adding a polymerization medium in a stain-
less-steel autoclave equipped with a stirrer, carrying out
degassing by freeze-pump-thaw twice, keeping the internal
temperature of the reactor at a predetermined temperature T,
and then observing the pressure. T means the liquidus tem-
perature. The temperature of the gas-phase is regarded as the
same as the liquidus temperature.

[0181] Subsequently, a weighed mixed gas of ethylene
and tetrafluoroethylene is fed into the stainless-steel auto-
clave equipped with a stirrer. At this time, the mixing ratio
(molar ratio) between ethylene and tetrafluoroethylene is
defined as ethylene: tetrafluoroethylene = x: y. The feeding
amount of the mixed gas of ethylene and tetrafluoroethy-
lene, M',;; (mol), is calculated according to the following
equation using the weight of the weighed mixed gas, W' (g).

My, =W'/(28x+ 100y )

[0182] After a sufficient length of time, the pressure
becomes constant. This pressure is defined as the total pres-
sure P’

[0183] The partial pressure of the mixed gas of ethylene
and tetrafluoroethylene, P',,,,,, is calculated according to the
following equation.

B =Py P

mon sol

[0184] The volume of the gas-phase of the stainless-steel
autoclave equipped with a stirrer, V', is calculated according
to the following equation.

[0185] V' = internal capacity of the stainless-steel auto-
clave equipped with a stirrer -volume of the polymerization
medium

[0186] The amount of substance of the mixed gas of ethy-
lene and tetrafluoroethylene present in the gas-phase in the
stainless-steel autoclave equipped with a stirrer, M', (mol),
is calculated according to the following equation. R means
the gas constant.

Nov. 9, 2023

M} =P, x V//RT

mon

[0187] The amount of substance of the mixed gas of ethy-
lene and tetrafluoroethylene dissolved in the polymerization
medium, M,,,,,, (mol), is calculated according to the follow-
ing equation.

Mo =M — My

[0188] In the method of producing a fluorine-containing
copolymer of the disclosure, the polymerization temperature
is preferably from 0° C. to 100° C., more preferably from
20° C. to 90° C. The polymerization pressure is preferably
from 0.1 MPaG to 10 MPaG, more preferably from
0.5 MPaG to 3 MPaG. The polymerization time is prefer-
ably from 1 hour to 30 hours, more preferably from 2 hours
to 20 hours.

Fluorine-Containing Polymer

[0189] The fluorine-containing copolymer of the disclo-
sure includes structural units derived from ethylene and
tetrafluoroethylene.

[0190] The fluorine-containing copolymer of the disclo-
sure includes an E unit and a TFE unit, and may also include
a structural unit other than the E unit and the TFE unit.
[0191] Examples of the other structural unit include struc-
tural units derived from the monomers (1) to (7) exemplified
as monomers other than ethylene and tetrafluoroethylene.
[0192] In the fluorine-containing copolymer of the disclo-
sure, the ratio of the other structural unit other than the E
unit and the TFE unit is preferably from 0.001 mol% to
20 mol%, more preferably from 0.1 mol% to 15 mol%,
still more preferably from 0.2 to 5 mol%, with respect to
the total amount of the fluorine-containing copolymer.
When the other monomer is monomer (7), its content is pre-
ferably from 0.01 mol% to 5 mol%, more preferably from
0.05 mol% to 3 mol%, still more preferably from 0.1 mol%
to 1 mol%.

[0193] The content molar ratio between the E unit and
TFE unit (E unit/TFE unit) is preferably from 20/80 to 80/
20, more preferably from 70/30 to 30/70, still more prefer-
ably from 50/50 to 35/65.

(End Groups)

[0194] In the fluorine-containing copolymer of the disclo-
sure, the amount of substance of end groups derived from at
least one polymerization solvent A selected from the group
consisting of compounds represented by the following For-
mula 1 to Formula 4 is from 0.1 pmol/g to 100 pmol/g with
respect to the total mass of the fluorine-containing copoly-
mer.

(If)k (1)
(CH%—T 1’<ZI>n

(tBu)m

(%), ®
(Crg—yHzY)
( tBu) L
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RZ—X(?’—RA

RS
CH;—27? (CH]

[0195] In Formula 1,

[0196] Y! represents a nitrogen atom or an oxygen
atom,;

[0197] when Y is a nitrogen atom, p, m, n, and k are
each independently an integer satisfying p + m > 1
andp+m+n+k=3;

[0198] when Y! is an oxygen atom, p, m, n, and k are
each independently an integer satisfying p + m > 1
andp+m+n+k=2;and

[0199] when p is not less than 1, n is not less than 1.

[0200] In Formula 2,

[0201] Y2 represents a carbon atom, a silicon atom, a
phosphorus atom, or a sulfur atom;

[0202] when Y2 is a carbon atom or a silicon atom, s,
t, u, and v are each independently an integer satisfy-
ings+t>lands+t+u+v=4;

[0203] when Y2 is a phosphorus atom, s, t, u, and v
are each independently an integer satisfying s +t > 1
ands +t+u+v=3;

[0204] when Y2 is a sulfur atom, s, t, u, and v are each
independently an integer satisfying s+t>1and s+t

tut+v=2;
[0205] when s is not less than 1, u is not less than 1;
and

[0206] each X independently represents a chlorine
atom or a bromine atom.
[0207] In Formula 1 and Formula 2,
[0208] each Z! is independently a group represented
by any one of the following Formulae T1 to T14.
[0209] In Formula 3,
[0210] Y3 represents a carbon atom or a silicon atom;
and
[0211] R! to R* each independently represent a
methyl group, a tert-butyl group, or a tert-butoxy
group.
[0212] In Formula 4,
[0213] 72 is the group represented by the following

Formula T14.
o} (T1)
*)J\A1
l¢] (T2)
-
#
s}
ﬁ (T3)
#—p—A2
e
N (T4)
% )kAl
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*—N
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A
#—CCly (T12)
@ © (T13)
#—NEEC
#—CN (T14)

[0214] In Formulae T1 to T14, each A! independently
represents a hydrogen atom, a chlorine atom, a methyl
group, a tert-butyl group, —OR, —NR,, or —SR; each A2
independently represents a chlorine atom, a methyl group, a
tert-butyl group, —OR, —NR,, or —SR; each R indepen-
dently represents a methyl group or tert-butyl group; and *
represents a bonding site.

[0215] In the disclosure, the term “end group” means an
atom or atomic group bound to a terminal atom forming a
main chain. Examples of the end group do not include a
hydrogen atom, and X in Formula (2).

[0216] The amount of substance of end groups derived
from the polymerization solvent A with respect to the total
mass of the fluorine-containing copolymer is preferably
from 0.5 umol/g to 20.0 pumol/g, more preferably from
1.0 umol/g to 10.0 umol/g.

[0217] The amount of substance of end groups derived
from the polymerization solvent A with respect to the total
mass of the fluorine-containing copolymer is measured
using the following method.
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[0218] First, for each polymerization solvent, a peak
wavelength in the higher wavelength side relative to
1500 cm! is investigated, and the molar extinction coeffi-
cient at the investigated peak wavelength is calculated.
[0219] Each polymerization solvent, and the peak wave-
length investigated therefor, are described below.
[0220] Dimethyl carbonate (DMC): from 1700 to
1800 cm-1
[0221] Methyl pivalate (MePiv): from 1700 to 1800 cm-
1

[0222] tert-Butyl alcohol (#~BuOH): from 3300 to
3600 cm!

[0223] Di-tert-butyl carbonate (Boc,O): from 1700 to
1800 cm-1

[0224] N,N-Dimethylformamide (DMF): from 1600 to
1800 cm-!

[0225] Trimethyl phosphate (TMP): from 3300 to
3600 cm-!

[0226] Acetonitrile (CH3CN): from 2000 to 2500 cm-!

[0227] Di-tert-butyl ketone: from 1500 to 1800 cm-!

[0228] 2-Chloro-2,4,4-trimethyl-3-pentanone: from
1500 to 1800 cm™!

[0229] tert-Butyl methyl sulfoxide: from 1000 to
1200 cm-1
[0230] tert-Butyl methyl sulfone: from 1000 to

1400 cm™!
[0231] Using the calculated molar extinction coefficient,
the concentration after incorporation of the polymerization
solvent into the polymer is calculated according to the Lam-
bert-Beer’s law.

Absorbance A = gcd

[0232] In the equation, € means the molar extinction coef-
ficient (mL/(mol-cm)); ¢ means the polymer concentration
(mol/mL) in the solution; and d means the optical path
length (cm).

[0233] According to ASTM-D792, the polymer density is
measured. Further, the sample IR transmission volume is
calculated according to the following equation.

[0234] Sample IR transmission volume = IR bean dia-
meter X polymer thickness

[0235] From the obtained polymer concentration (mol/
mlL), the amount of substance of end groups is calculated
using the polymer density and the IR transmission volume.

EXAMPLES

[0236] The disclosure is more concretely described below
by way of Examples. However, the disclosure is not limited
to the following Examples as long as the spirit of the dis-
closure is not spoiled.

Example 1

[0237] A stainless-steel autoclave having an internal capa-
city of 600 mL equipped with a stirrer was immersed in an
ice water bath for 10 minutes, and then 360 mL (4.29 mol)
of dimethyl carbonate (“DMC” in the table) as a polymeri-
zation medium was added in the autoclave, followed by
degassing by freeze-pump-thaw twice.

[0238] The internal temperature of the reactor was
increased to 30° C. with stirring, and a mixed gas of ethy-
lene and tetrafluoroethylene (ethylene: tetrafluoroethylene
(molar ratio) = 50:50) as monomers was injected such that
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the internal pressure of the reactor increesed to 1.5 MPaG.
Further, as a polymerization initiator, 21.9 mg (0.126 mmol)
of diisobutyryl peroxide (product name, “PEROYL IB”;
manufactured by NOF Corporation; “IBPO” in the table)
was injected, and the reaction mixture was stirred at
200 rpm (200 revolutions per minute) for 3 hours while
the internal temperature was kept at 30° C. By this, a poly-
mer solution containing a copolymer of ethylene and tetra-
fluoroethylene was obtained.

[0239] The reactor was allowed to cool at room tempera-
ture, and unreacted ethylene and tetrafluoroethylene were
discharged.

[0240] The obtained polymer solution was added to
methanol, and the precipitate was collected by filtration.
The precipitate was dried in a vacuum oven at 40° C. for
12 hours. As a result, 33.9 g of a copolymer of ethylene
and tetrafluoroethylene was obtained.

[0241] Dimethyl carbonate corresponds to the compound
represented by Formula 1 in which Y1 is an oxygen atom; p
is 1;mis 0;nis 1; kis 0; and Z1 is the group represented by
T1 in which Al is -OR, and R is a methyl group.

Example 2

[0242] A copolymer of ethylene, tetrafluoroethylene, and
perfluorobutyl ethylene was obtained by the same method as
in Example 1 except that, at the time when the dimethyl
carbonate as a polymerization medium was added, 2.64 g
(10.7 mmol) of perfluorobutyl ethylene as monomers was
also added.

Example 3

[0243] A copolymer of ethylene, tetrafluoroethylene, and
perfluorobutyl ethylene was obtained by the same method as
in Example 2 except that the polymerization initiator used
was 2,2'-azobis(4-methoxy-2.,4-dimethylvaleronitrile) (pro-
duct name, “V70”; manufactured by Fujifilm Wako Pure
Chemical Corporation; “AMVN” in the table), and that the
polymerization temperature was 35° C.

Example 4

[0244] A copolymer of ethylene, tetrafluoroethylene, and
perfluorobutyl ethylene was obtained by the same method as
in Example 2 except that the polymerization initiator used
was tert-butyl peroxypivalate (product name, “PERBUTYL
PV”; manufactured by NOF Corporation; “PBPV” in the
table), and that the polymerization temperature was 66° C.

Example 5

[0245] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 1 except
that the polymerization medium was di-tert-butyl carbonate
(“Boc,O” in the table), that the polymerization initiator used
was diisopropyl peroxydicarbonate (product name, “PER-
OYL IPP”; manufactured by NOF Corporation; “IPP” in
the table), and that the polymerization temperature was
45° C.

[0246] Di-tert-butyl carbonate corresponds to the com-
pound represented by Formula 1 in which Y1 is an oxygen
atom; pis O; mis 1;nis 1; kis 0; and Z! is the group
represented by T1 in which A! is -OR, and R is a tert-
butyl group.
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Example 6

[0247] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 1 except
that the polymerization medium was methyl pivalate
(“MePi1v” in the table).

[0248] Methyl pivalate corresponds to the compound
represented by Formula 1 in which Y1 is an oxygen atom;
pis I;mis O;nis 1; kis O; and Z! is the group represented
by T1 in which Al is a tert-butyl group.

Example 7

[0249] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 1 except
that the polymerization medium was tert-butyl alcohol (“t-
BuOH” in the table).

[0250] t-Butanol corresponds to the compound repre-
sented by Formula 1 in which Y! is an oxygen atom; p is
0O;mis1;nis 0; and kis 0.

Example 8

[0251] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 1 except
that the polymerization medium was NN-dimethylforma-
mide (“DMF” in the table).

[0252] N,N-dimethylformamide corresponds to the com-
pound represented by Formula 1 in which Y! is a nitrogen
atom; pis 2; mis 0; nis 1; k is 0; and Z1 is the group
represented by T1 in which Al is a hydrogen atom.

Example 9

[0253] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 5 except
that the polymerization medium was tri-tert-butylphosphine
(“TTBP” in the table), and that the polymerization tempera-
ture was 35° C.

[0254] Tri-tert-butylphosphine corresponds to the com-
pound represented by Formula 2 in which Y2 is a phos-
phorus atom; s is 0; tis 3; uis 0; and v is 0.

Example 10

[0255] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 1 except
that the polymerization medium was trimethyl phosphate
(“TMP” in the table).

[0256] Trimethyl phosphate corresponds to the compound
represented by Formula 1 in which Y is an oxygen atom; p
is1;mis 0;nis 1; kis 0; and Z1 is the group represented by
T3 in which A2 is -OR, and R is a methyl group.

Example 11

[0257] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 1 except
that the polymerization medium was tetramethylsilane
(“TMS” in the table), and that the polymerization tempera-
ture was 25° C.

[0258] Tetramethylsilane corresponds to the compound
represented by Formula 3 in which Y3 is a silicon atom,
and R! to R# are methyl groups.
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Example 12

[0259] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 1 except
that the polymerization medium was a mixture of dimethyl
carbonate and methyl ethyl ketone (“MEK” in the table)
(amount-of-substance ratio, 85:15) (“DMC/MEK = 85/15
in the table).

Example 13

[0260] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 1 except
that the polymerization medium was a mixture of dimethyl
carbonate and methyl ethyl ketone (“MEK” in the table)
(amount-of-substance ratio, 70:30) (“DMC/MEK = 70/30”
in the table).

Example 14

[0261] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 1 except
that the polymerization medium was a mixture of acetoni-
trile (“CH3CN” in the table) and dimethyl carbonate
(amount-of-substance ratio, 50:50) (“CH5;CN/DMC = 50/
50” in the table).

[0262] Acetonitrile corresponds to the compound repre-
sented by Formula 4 in which Z2 is the group represented
by T14.

Example 15

[0263] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 1 except
that the polymerization medium was neopentane, and that
the polymerization temperature was 20° C.

[0264] Neopentane corresponds to the compound repre-
sented by Formula 3 in which Y3 is a carbon atom, and R’
to R4 are methyl groups.

Example 16

[0265] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 1 except
that the polymerization medium was di-tert-butyl ketone
purified by distillation.

[0266] Di-tert-butyl ketone corresponds to the compound
represented by Formula 2 in which Y?2 is a carbon atom; s is
3;tis0;uis 1; vis 0; and Z! is the group represented by T1
in which Al is a tert-butyl group.

Example 17

[0267] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 1 except
that the polymerization medium was 2-chloro-2.4,4-tri-
methyl-3-pentanone.

[0268] 2-Chloro-2,4,4-trimethyl-3-pentanone corresponds
to the compound represented by Formula 2 in which Y2 is a
carbon atom; sis 2; tis O; uis 1; vis 1; X is a chlorine atom;
and Z! is the group represented by T1 in which Al is a tert-
butyl group.
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Example 18

[0269] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 1 except
that the polymerization medium was tert-butyl methyl
sulfoxide.

[0270] tert-Butyl methyl sulfoxide corresponds to the
compound represented by Formula 2 in which Y2 is a car-
bon atom; s is 3; tis 0; uis 1; vis 0; and Z! is the group
represented by T7 in which A2 is a methyl group.

Example 19

[0271] A copolymer of ethylene and tetrafluoroethylene
was obtained by the same method as in Example 1 except
that the polymerization medium was tert-butyl methyl
sulfone.

[0272] tert-Butyl methyl sulfone corresponds to the com-
pound represented by Formula 2 in which Y2 is a carbon
atom; s is 3; tis 0; uis 1; vis O; and Z! is the group repre-
sented by T9 in which A2 is a methyl group.

Example 20

[0273] An attempt was made to obtain a copolymer of
ethylene and tetrafluoroethylene by the same method as in
Example 1 except that the polymerization medium was acet-
one. However, the copolymer could not be obtained. Acet-
one does not correspond to the polymerization solvent A.

Example 21

[0274] An attempt was made to obtain a copolymer of
ethylene and tetrafluoroethylene by the same method as in
Example 1 except that the polymerization medium was tert-
butyl methyl ether (“ITBME” in the table). However, the
copolymer could not be obtained. tert-Butyl methyl ether
does not correspond to the polymerization solvent A.

Example 22

[0275] An attempt was made to obtain a copolymer of
ethylene and tetrafluoroethylene by the same method as in
Example 1 except that the polymerization medium was tri-
methyl phosphite (“P(OMe);” in the table). However, the
copolymer could not be obtained. Trimethyl phosphite
does not correspond to the polymerization solvent A.
[0276] The polymerization rate was measured for the pro-
duction methods of Example 1 to Example 19, and the melt
flow rate value (MFR value) and the amount of substance of
end groups derived from the polymerization solvent A were
measured for the copolymers obtained in Example 1 to
Example 19. Further, M,,; X S/M,,,, (Wherein M,,; is the
amount of substance (mol) of the polymerization solvent
A; S is the total solubility (mol/mol) of ethylene and tetra-
fluoroethylene in the polymerization solvent A; and M,,,,, is
the total amount of substance (mol) of ethylene and tetra-
fluoroethylene dissolved in the polymerization medium)
during the polymerization was calculated. The measurement
methods and the calculation methods were as follows. In the
table, “-” means that the measurement was impossible.

<Polymerization Rate>

[0277] The polymerization rate was calculated according
to the following equation.
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[0278] Polymerization rate (g/h-L) = yield (g) of the
obtained copolymer/{polymerization time (h) - volume (L)
of the polymerization solvent}

[0279] The polymerization solvent herein does not include
the polymerization initiator.

<MFR Value>

[0280] The mass (g) of the copolymer that flowed out in
10 minutes from an orifice with a diameter of 2.095 mm and
a length of 8.000 mm at a temperature of 297° C. under a
load of 49.0 N was measured using a thermal flow evalua-
tion apparatus (product name, “FLOW TESTER CFT-
100EX”; manufactured by Shimadzu Corporation) in accor-
dance with ASTM D3159, to determine the MFR (g/
10 minutes).

<Amount of Substance of End Groups Derived From
Polymerization Solvent A>

[0281] First, for each polymerization solvent, a peak
wavelength in the higher wavelength side relative to
1500 cm-! was investigated, and the molar extinction coef-
ficient at the investigated peak wavelength was calculated.
[0282] Each polymerization solvent, and the peak wave-
length investigated therefor, are described below.
[0283] Dimethyl carbonate (DMC): from 1700 to
1800 cm-!
[0284] Methyl pivalate (MePiv): from 1700 to 1800 cm-
1 tert-Butyl alcohol (+-BuOH): from 3300 to 3600 cm!
[0285] Di-tert-butyl carbonate (Boc,0): from 1700 to
1800 cm-!
[0286] N,N-Dimethylformamide (DMF): from 1600 to
1800 cm-!
[0287] Trimethyl phosphate (TMP): from 3300 to
3600 cm!
[0288] Acetonitrile (CH3CN): from 2000 to 2500 cm!
[0289] Di-tert-butyl ketone: from 1500 to 1800 cm-!
[0290] 2-Chloro-2,4,4-trimethyl-3-pentanone: from
1500 to 1800 cm™!

[0291] tert-Butyl methyl sulfoxide: from 1000 to
1200 cm-!
[0292] tert-Butyl methyl sulfone: from 1000 to
1400 cm-!

[0293] Using the calculated molar extinction coefficient,
the concentration after incorporation of the polymerization
solvent into the polymer was calculated according to the
Lambert-Beer’s law.

Absorbance A = gcd

[0294] In the equation, € means the molar extinction coef-
ficient (mL/(mol-cm)), ¢ means the polymer concentration
(mol/mL) in the solution, and d means the optical path
length (cm).

[0295] According to ASTM-D792, the polymer density
was measured. Further, the sample IR transmission volume
was calculated according to the following equation.

[0296] Sample IR transmission volume = IR bean dia-
meter x polymer thickness

[0297] From the obtained polymer concentration (mol/
mlL), the amount of substance of end groups was calculated
using the polymer density and the IR transmission volume.
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<Ms0] xS/ Mmun>

[0298] First, M,,;, which is the amount of substance (mol)
of the polymerization solvent A; S, which is the total solu-
bility (mol/mol) of ethylene and tetrafluoroethylene in the
polymerization solvent A; and M,,,,, which is the total
amount of substance (mol) of ethylene and tetrafluoroethy-
lene dissolved in the polymerization medium; were calcu-
lated as described above. Thereafter, My,; X S/M,,,,, Was
calculated using My, S, and M,,,,,,.

[0299] Table 1 shows the types of the monomers, the poly-
merization medium, and the polymerization initiator; the
amount of substance of end groups derived from the poly-
merization solvent A; the polymerization rate; and the MFR.
“Binary system” indicates a case where ethylene and tetra-
fluoroethylene were used as the monomers, and “ternary
system” indicates a case where ethylene, tetrafluoroethy-
lene, and perfluorobutyl ethylene were used as the
monomers.
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sisting of compounds represented by Formula 1 to Formula
4.

[0301] The disclosure of Japanese Patent Application No.
2021-002103, filed on Jan. 8, 2021, is incorporated herein
by reference in its entirety. All documents, patent applica-
tions, and technical standards cited in the present description
are incorporated herein by reference to the same extent as in
cases where the individual documents, patent applications,
and technical standards are specifically and individually
described to be incorporated by reference.

1. Amethod of producing a fluorine-containing copolymer,
the method comprising carrying out solution polymerization
using monomers including ethylene and tetrafluoroethylene,
in a polymerization medium containing at least one polymer-
ization solvent A selected from the group consisting of com-
pounds represented by the following Formula 1 to Formula 4:

TABLE 1
Amount of substance of Polymeriza-
end groups derived Polymeriza- tion
Polymeriza- from polymerization  tion rate [/ MFR [g/ temperature Mg, X S/

Monomers Polymerization medium  tion initiator solvent A [umol/g] (L-h)] 10 min] [°C] Mynon
Example 1 Binary system DMC IBPO 0.91 37.0 0.1 30 0.99
Example 2 Ternary DMC IBPO 1.32 6.5 4.6 30 0.99

system
Example 3  Ternary DMC AMVN 1.33 4.9 5.0 35 0.99

system
Example 4 Ternary DMC PBPV 1.45 7.1 12.0 66 0.99

system
Example 5 Binary system Boc,O IPP - 38 5.9 45 0.99
Example 6 Binary system MePiv IBPO 141 29 9.1 30 0.99
Example 7 Binary system t-BuOH IBPO 1.35 23 6.1 30 0.99
Example 8 Binary system DMF IBPO 1.97 1.0 190.0 30 0.99
Example 9 Binary system TTBP IPP - 14.0 2.8 35 0.99
Example Binary system TMP IBPO 1.37 58 7.1 30 0.99
10
Example Binary system TMS IBPO - 12.5 7.9 25 0.99
11
Example Binary system DMC/MEK=85/15 (mol IBPO - 247 58.7 30 0.84
12 %)
Example Binary system DMC/MEK=70/30 (mol IBPO - 59 - 30 0.69
13 %)
Example Binary system CH;CN/DMC=50/50 IBPO 1.94 19.6 164.5 30 0.99
14 (mol%)
Example Binary system Neopentane IBPO - 75 4.5 20 0.99
15
Example Binary system Di-tert-butyl ketone IBPO 1.18 273 12 30 0.99
16
Example Binary system 2-Chloro-2,4,4- IBPO 1.24 41.6 23 30 0.99
17 trimethyl-3-pentanone
Example Binary system tert-Butyl methyl IBPO 2.32 0.7 - 30 0.99
18 sulfoxide
Example Binary system tert-Butyl methyl sulfone IBPO 2.63 0.6 - 30 0.99
19
Example Binary system Acetone IBPO - - - 30 0.99
20
Example Binary system TBME IBPO - - - 30 0.99
21
Example Binary system P(OMe;)s IBPO - - - 30 0.99
22
[0300] Tt was found, as shown in Table 1, that Example 1 (Ili)]< o
to Example 19 showed higher polymerization rates than (CH Y2,
conventional cases since solution polymerization was car- p( lBu)

m

ried out using monomers including ethylene and tetrafluor-
octhylene, in a polymerization medium containing at least
one polymerization solvent A selected from the group con-
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wherein, in Formula 1,

Y1 represents a nitrogen atom or an oxygen atom;

when Y!isanitrogen atom, p, m, n, and k are each indepen-
dently an integer satisfyingp+m>1 andp+m+n+k=3;

when Y is an oxygen atom, p, m, n, and k are each inde-
pendently aninteger satisfyingp+m>1andp+m-+n+k
=2;and

when p is not less than 1, n is not less than 1; wherein, in
Formula 2,

Y2 represents a carbon atom, a silicon atom, a phosphorus
atom, or a sulfur atom;

when Y2 is a carbon atom or a silicon atom, s, t, u, and v are
each independently an integer satisfyings+t>1ands+t
+utv=4,;

when Y?2 is a phosphorus atom, s, t, u, and v are each inde-
pendently aninteger satisfying s+t>1 ands +t+u+v=3;

when Y2 is a sulfur atom, s, t, u, and v are each indepen-
dently an integer satisfying s +t> 1 and s +t+u+v=2;

when s is not less than 1, u is not less than 1; and

each X independently represents a chlorine atom or a bro-
mine atom; wherein, in Formula 1 and Formula 2,

each 7! is independently a group represented by any one of
the following Formulae T1 to T14; wherein, in Formula

3,

Y3 represents a carbon atom or a silicon atom; and

R! to R* each independently represent a methyl group, a
tert-butyl group, or a tert-butoxy group; and wherein, in
Formula 4,

72 is a group represented by the following Formula T14;

(o} (T1)
*)kA]
o} (T2)
/U\'rAl
O
" (T3)
* IT— A2
AZ
S (T4)
*)kA]
O O (TS)
*)j\o)k[\]
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s}
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)\AZ
]
)/AZ
o
e} (T11)
|
/S\Az
EJ— \ AZ
S
AN
IS
#—CCly (T12)
T13
8 =
e CN (T14)

wherein, in Formulae T1 to T14, each A! independently
represents a hydrogen atom, a chlorine atom, a methyl
group, a tert-butyl group, —OR, —NR,, or —SR; each
AZ? independently represents a chlorine atom, a methyl
group, a tert-butyl group, —OR, —NR,, or —SR; each
R independently represents a methyl group or tert-butyl
group; and * represents a bonding site.

2. The method of producing a fluorine-containing copoly-
mer according to claim 1, wherein, in Formula 2, Y2 repre-
sents a carbon atom, a silicon atom, or a sulfur atom.

3. The method of producing a fluorine-containing copoly-
mer according to claim 1, wherein, in Formula 2, Y2 repre-
sents a carbon atom or a silicon atom.

4. The method of producing a fluorine-containing copoly-
mer according to claim 1, wherein, in Formula 2, X represents
achlorine atom.

5. The method of producing a fluorine-containing copoly-
mer according to claim 1, wherein, in Formulae T1 to T14,
each A! independently represents a methyl group, a tert-
butyl group, —OR, or —NR,; each A2 independently repre-
sents amethyl group, a tert-butyl group, —OR, or—NR,; and
each R independently represents a methyl group or a tert-butyl
group.

6. The method of producing a fluorine-containing copoly-
mer according to claim 1, wherein, in Formula 1 and Formula
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2,each Z! is independently a group represented by any one of
Formulae T1to T7.

7. The method of producing a fluorine-containing copoly-
mer according to claim 1, wherein, in Formula 1 and Formula
2,each Z! is independently a group represented by any one of
Formulae T1 to T3.

8. The method of producing a fluorine-containing copoly-
mer according to claim 1, wherein, in Formula 3, Y3 repre-
sents a carbon atom.

9. The method of producing a fluorine-containing copoly-
mer according to claim 1, wherein, in a stage during the poly-
merization, the following inequation is satisfied:

0.5 <My xS/M0. <1.0

mon

wherein M,,; is an amount of substance (mol) of the poly-
merization solvent A; S is a total solubility (mol/mol) of the
ethylene and the tetrafluoroethylene in the polymerization
solvent A; and M,,,,, is a total amount of substance (mol) of
the ethylene and the tetrafluoroethylene dissolved in the poly-
merization medium.
10. A fluorine-containing copolymer comprising structural
units derived from ethylene and tetrafluoroethylene,
wherein an amount of substance of end groups derived from
at least one polymerization solvent A selected from the
group consisting of compounds represented by the fol-
lowing Formula 1 to Formula 4 is from 0.1 pmol/g to
100 umol/g with respect to a total mass of the fluorine-

containing copolymer:
() @
(Y2
{(Bu)y
() @
(engey e,
(Bu)y
I|{1 3
RZ_Y'~3_R4
R?
CH,—Z2 (CH]

wherein, in Formula 1,
Y1 represents a nitrogen atom or an oxygen atom;
when Y1is anitrogen atom, p, m, n, and k are each inde-
pendently an integer satisfyingp+m>1andp+m+n
+k=3;
when Y1 is an oxygen atom, p, m, n, and k are each inde-
pendently an integer satisfyingp+m>1andp+m+n
+k=2;and
when p is not less than 1, n is not less than 1;
wherein, in Formula 2,
Y2 represents a carbon atom, a silicon atom, a phos-
phorus atom, or a sulfur atom;
when Y2 is a carbon atom or a silicon atom, s, t, u, and v
are each independently an integer satisfying s +t > 1
ands+t+u+v=4;
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when Y2 is a phosphorus atom, s, t, u, and v are each
independently an integer satisfyings+t>1and s+t
+u+v=3;
when Y2 is a sulfur atom, s, t, u, and v are each indepen-
dently an integer satisfyings +t> 1l ands +t+u+v=2;
when s is not less than 1, uis not less than 1; and
each X independently represents a chlorine atom or a
bromine atom;
wherein, in Formula 1 and Formula 2,
each Z11s independently a group represented by any one
of the following Formulae T1 to T14;
wherein, in Formula 3,
Y3 represents a carbon atom or a silicon atom; and
R1to R#each independently represent a methyl group, a
tert-butyl group, or a tert-butoxy group; and
wherein, in Formula 4,
72 is a group represented by the following Formula T14;

o} (T1)
*)kA]
e} (T2)
/U\'rAl
O
(I? (T3)
*_IT_ A2
A2

S (T4)
*)kA]
o} o) (T5)
*)j\o)k[\l
A (T6)
)]\
£ Al
" (7
g S\Ag
o} o) (T8)
AN,
I
A2
(ﬁ (T9)
*—S—A?
f
O
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0 (T10)

(T11)

S (T13)

wherein, in Formulae T1 to T14, each Al independently
represents a hydrogen atom, a chlorine atom, a methyl
group, a tert-butyl group, —OR, —NR,, or —SR;
each A2 independently represents a chlorine atom, a
methyl group, a tert-butyl group, —OR, —NR,, or
—SR; each R independently represents a methyl
group or a tert-butyl group; and * represents a bonding
site.

* % % % W
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