DESCRIPTION

METHOD FOR PRODUCING PURIFIED POLYTETRAFLUOROETHYLENE
AQUEOUS DISPERSION LIQUID, METHOD FOR PRODUCING MODIFIED
POLYTETRAFLUOROETHYLENE POWDER, METHOD FOR PRODUCING

POLYTETRAFLUOROETHYLENE MOLDED BODY, AND COMPOSITION

TECHNICAL FIELD
[0001] The present invention relates to a method for
producing an aqueous dispersion of purified
polytetrafluoroethylene, a method for producing powder of
refined polytetrafluorocethylene, and a method for

producing a molded body of polytetrafluoroethylene.

BACKGROUND ART
[0002] Conventionally, a method for producing
polytetrafluoroethylene using a hydrocarbon surfactant is

known (see, for example, Patent Document 1).

RELATED ART
PATENT DOCUMENT
[0003] Patent Document 1: National Publication of

International Patent Application No. 2013-542309

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION



[0004] It has been found that a specific compound
containing fluorine is generated when
polytetrafluoroethylene is produced using a hydrocarbon
surfactant.

It 1is an object of the present invention to obtain
an aqueous dispersion of polytetrafluoroethylene and
polytetrafluoroethylene powder, with such a compound
containing fluorine removed or reduced. Further, it 1is
an object of the present invention to produce a molded
body of polytetrafluoroethylene, with the compound
containing fluorine removed or reduced, using
polytetrafluoroethylene that is obtained using a
hydrocarbon surfactant. Further, it is an object of the
present invention to provide a composition containing
polytetrafluoroethylene, with the compound containing

fluorine removed or reduced.

MEANS FOR SOLVING THE PROBLEM
[0005] The present invention is a method for producing an
aqueous dispersion of purified polytetrafluoroethylene,
the method comprising: removing or reducing a compound
represented by Formula (1) or (2) below from an aqueous
dispersion of polytetrafluoroethylene obtained using a
hydrocarbon surfactant:
Formula (1): (H-(CF;),—COO)M"

wherein m is 3 to 19, M is H, a metal atom, NR”,

(where R’s may be the same as or different from each



other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and p

is 1 or 2; or

Formula (2): (H-(CF3),—S03) M

wherein n is 4 to 20, M? is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and g
is 1 or 2.

The removal or reduction of a compound represented
by Formula (1) or (2) above preferably comprises ion-
exchanging and/or concentrating the aqueous dispersion of
polytetrafluoroethylene.

[0006] The present invention is also a method for
producing powder of refined polytetrafluoroethylene, the
method comprising: removing or reducing a compound
represented by Formula (1) or (2) below from
polytetrafluoroethylene powder obtained using a
hydrocarbon surfactant:

Formula (1): (H-(CF;),—COO) M"

wherein m is 3 to 19, M' is H, a metal atom, NR”,
(where R’s may be the same as or different from each

other and are each H or an organic group having 1 to 10



carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and p

is 1 or 2; or

Formula (2): (H-(CF3),—S03) M,

2 is H, a metal atom, NR°,

wherein n is 4 to 20, M
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and g
is 1 or 2.

The removal or reduction of a compound represented
by Formula (1) or (2) above preferably comprises heating
the polytetrafluoroethylene powder obtained using a
hydrocarbon surfactant at a temperature of 160°C or more.
[0007] The present invention is further a method for
producing a molded body of polytetrafluoroethylene from
polytetrafluoroethylene that is produced using a
hydrocarbon surfactant, the method comprising: removing
or reducing a compound represented by Formula (1) or (2)
below:

Formula (1): (H-(CF;),—COO) M"

wherein m is 3 to 19, M is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10

carbon atoms), an imidazolium optionally having a



substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and p
is 1 or 2; or

Formula (2): (H-(CFj),—S03) M

2 is H, a metal atom, NR°,

wherein n is 4 to 20, M
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and g
is 1 or 2.

The removal or reduction of a compound represented
by Formula (1) or (2) above preferably comprises heating
at a temperature of 160°C or more.

[0008] The present invention is also a method for
producing refined polytetrafluoroethylene, the method
comprising: removing or reducing a compound represented
by Formula (1) or (2) below by bringing a fluorine
radical source into contact with polytetrafluoroethylene
obtained using a hydrocarbon surfactant at a temperature
over 100°C:

Formula (1): (H-(CF;),—COO)M"

wherein m is 3 to 19, M is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a

substituent, a pyridinium optionally having a substituent,



or a phosphonium optionally having a substituent, and p
is 1 or 2; or
Formula (2): (H-(CF3),—S03) M

wherein n is 4 to 20, M? is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and g
is 1 or 2.
[0009] The present invention is also a method for
producing polytetrafluoroethylene, the method comprising:
removing or reducing a compound represented by Formula
(1) or (2) below by bringing a fluorine radical source
into contact with polytetrafluoroethylene obtained using
a hydrocarbon surfactant, wherein the amount of the
fluorine radical source added is 0.5 parts by weight or
more per 100 parts by weight of polytetrafluoroethylene
in terms of fluorine atoms:
Formula (1): (H-(CF;),—COO)M"

wherein m is 3 to 19, M is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and p

is 1 or 2; or



Formula (2): (H-(CF3),—S03) M

wherein n is 4 to 20, M® is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and g
is 1 or 2.
[0010] The present invention is also a composition
comprising polytetrafluoroethylene and substantially free
from a compound represented by Formula (3) below:
Formula (3): (H-(CFj)g—S03) M

wherein M? is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and g is 1 or 2.

The content of the compound represented by Formula
(3) above is preferably 1000 ppb or less, more preferably
25 ppb or less, with respect to polytetrafluoroethylene.
[0011] One aspect of the present invention is a
composition comprising: a compound represented by Formula
(4) below in an amount of 1000 ppb or less with respect
to polytetrafluoroethylene; and a nonionic surfactant in
an amount of 1%/polytetrafluoroethylene or more:

Formula (4): (H-(CF;)7—-COO)M"



wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.

One aspect of the present invention is a composition
comprising: at least any one of the compound represented
by Formula (4) above and a compound represented by
Formula (4') below, wherein the content of the compound
represented by Formula (4) above is 1000 ppb or less with
respect to polytetrafluoroethylene, and the content of
the compound represented by Formula (4') below is 1000
ppb or less with respect to polytetrafluoroethylene; and
a nonionic surfactant in an amount of
1%$/polytetrafluoroethylene or more:

Formula (4'): (H-(CF3)g—COO) M"

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.

One aspect of the present invention is a composition
comprising: a compound represented by Formula (5) below

in an amount of 1000 ppb or less with respect to



polytetrafluoroethylene; and a nonionic surfactant in an
amount of 1%/polytetrafluorocethylene or more:
Formula (5): (H-(CF3)13-COO) M"

wherein M! is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.

One aspect of the present invention is a composition
comprising: at least any one of the compound represented
by Formula (5) above and a compound represented by
Formula (5') below, wherein the content of the compound
represented by Formula (5) above is 1000 ppb or less with
respect to polytetrafluoroethylene, and the content of
the compound represented by Formula (5') below is 1000
ppb or less with respect to polytetrafluoroethylene; and
a nonionic surfactant in an amount of
1%$/polytetrafluoroethylene or more:

Formula (5'): (H-(CF3)14—COO) M"

wherein M! is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium

optionally having a substituent, and p is 1 or 2.



Such an aspect of the present invention is a
composition in the form of an aqueous dispersion.
[0012] One aspect of the present invention is a
composition comprising: the compound represented by
Formula (4) above in an amount of 1000 ppb or less with
respect to polytetrafluoroethylene. Further, one aspect
of the present invention is a composition comprising: at
least any one of the compound represented by Formula (4)
above and the compound represented by Formula (4') above,
wherein the content of the compound represented by
Formula (4) above is 1000 ppb or less with respect to
polytetrafluoroethylene, and the content of the compound
represented by Formula (4') above is 1000 ppb or less
with respect to polytetrafluoroethylene. Further, one
aspect of the present invention is a composition
comprising: the compound represented by Formula (5) above
in an amount of 1000 ppb or less with respect to
polytetrafluoroethylene. One aspect of the present
invention is a composition comprising: at least any one
of the compound represented by Formula (5) above and the
compound represented by Formula (5') above, wherein the
content of the compound represented by Formula (5) above
is 1000 ppb or less with respect to
polytetrafluoroethylene, and the content of the compound
represented by Formula (5') above is 1000 ppb or less

with respect to polytetrafluoroethylene.



Further, one aspect of the present invention is a
composition comprising: the compound represented by
Formula (4) above in an amount of 25 ppb or less with
respect to polytetrafluoroethylene. One aspect of the
present invention is a composition comprising: at least
any one of the compound represented by Formula (4) above
and the compound represented by Formula (4') above,
wherein the content of the compound represented by
Formula (4) above is 25 ppb or less with respect to
polytetrafluoroethylene, and the content of the compound
represented by Formula (4') above is 25 ppb or less with
respect to polytetrafluoroethylene. One aspect of the
present invention is a composition comprising: a compound
represented by Formula (5) above in an amount of 25 ppb
or less with respect to polytetrafluoroethylene. One
aspect of the present invention is a composition
comprising: at least any one of the compound represented
by Formula (5) above and the compound represented by
Formula (5') above, wherein the content of the compound
represented by Formula (5) above is 25 ppb or less with
respect to polytetrafluoroethylene, and the content of
the compound represented by Formula (5') above is 25 ppb
or less with respect to polytetrafluoroethylene.

The aforementioned composition may further comprise:
a compound represented by Formula (7) below in an amount
of 1000 ppb or less with respect to

polytetrafluoroethylene:



Formula (7): (F-(CF;)7—-COO)M"

wherein M! is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.

Such an aspect of the present invention is in the
form of a powder composition.
[0013] Further, the polytetrafluoroethylene in the
composition of the present invention is preferably
obtained by polymerization using a hydrocarbon surfactant.
[0014] The present invention is also a molded body
comprising the aforementioned composition. The molded
body of the present invention is also preferably a

stretched body.

EFFECTS OF INVENTION

[0015] The method for producing an aqueous dispersion of

purified polytetrafluoroethylene of the present invention
can remove or reduce the compound represented by Formula

(1) or (2) present in the aqueous dispersion of purified

PTFE to be obtained. The method for producing powder of

refined polytetrafluoroethylene of the present invention

can remove or reduce the compound represented by Formula

(1) or (2) present in the powder of refined

polytetrafluoroethylene to be obtained.



The method for producing a molded body of
polytetrafluoroethylene of the present invention can
remove or reduce the compound represented by Formula (1)
or (2) present in the molded body of
polytetrafluorocethylene to be obtained.

In the composition of the present invention, the

compound represented by Formula (3) is removed or reduced.

DESCRIPTION OF EMBODIMENTS
[0016] The method for producing an aqueous dispersion of
purified PTFE of the present invention comprises a step
(hereinafter, referred to also as "removal step") of
removing or reducing a compound represented by Formula
(1) or (2) from an aqueous dispersion of
polytetrafluoroethylene (which may be hereinafter
referred to also as "PTFE") that is obtained using a
hydrocarbon surfactant:
Formula (1): (H-(CF;),—COO)M"

wherein m is 3 to 19, M is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and p
is 1 or 2; or

Formula (2): (H-(CFj),—S03) M



2 is H, a metal atom, NR°,

wherein n is 4 to 20, M
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and g
is 1 or 2.

Examples of the metal atom include monovalent or
divalent metal atoms such as alkali metals (Group 1) and
alkaline earth metals (Group 2), specifically Na, K, or
Li.

Four R’s may be the same as or different from each
other. R’s are each preferably H or an organic group
having 1 to 10 carbon atoms, more preferably H or an
organic group having 1 to 4 carbon atoms. Further, R’s
are each preferably an alkyl group having 1 to 10 carbon
atoms, further preferably an alkyl group having 1 to 4
carbon atoms. The aforementioned definition is
applicable to all R’s below.

In Formula (1), m may be 5 to 11.

In Formula (2), n may be 6 to 12.

[0017] In this description, the "organic group" means a
group containing one or more carbon atoms, or a group
formed by removing one hydrogen atom from an organic
compound, unless otherwise mentioned.

Examples of the "organic group" include:



an alkyl group optioconally having one or more
substituents,

an alkenyl group optionally having one or more
substituents,

an alkynyl group optionally having one or more
substituents,

a cycloalkyl group optionally having one or more
substituents,

a cycloalkenyl group optionally having one or more
substituents,

a cycloalkadienyl group optionally having one or
more substituents,

an aryl group optionally having one or more
substituents,

an aralkyl group optionally having one or more
substituents,

a non—aromatic heterocyclic group optionally having
one or more substituents,

a heteroaryl group optionally having one or more
substituents,

a cyano group,

a formyl group,

RaO-,

RaCO-,

RaS0,—,

RaCOO-,

RaNRaCO-,



RaCONRa-,

RaOCO-, and

Ra0S0;,—,
wherein Ras are each independently

an alkyl group optionally having one or more
substituents,

an alkenyl group optionally having one or more
substituents,

an alkynyl group optionally having one or more
substituents,

a cycloalkyl group optionally having one or more
substituents,

a cycloalkenyl group optionally having one or more
substituents,

a cycloalkadienyl group optionally having one or
more substituents,

an aryl group optionally having one or more
substituents,

an aralkyl group optionally having one or more
substituents,

a non—-aromatic heterocyclic group optionally having
one or more substituents, or

a heterocaryl group optionally having one or more
substituents.

The organic group 1is preferably an alkyl group

optionally having one or more substituents.



Further, examples of the organic group also include
the examples of the substituent described above and below.

In this description, the "substituent" means a
substitutable group, unless otherwise mentioned.
Examples of the "substituent" include an aliphatic group,
an aromatic group, a heterocyclic group, an acyl group,
an acyloxy group, an acylamino group, an aliphatic oxy
group, an aromatic oxy group, a heterocyclic oxy group,
an aliphatic oxycarbonyl group, an aromatic oxycarbonyl
group, a heterocyclic oxycarbonyl group, a carbamoyl
group, an aliphatic sulfonyl group, an aromatic sulfonyl
group, a heterocyclic sulfonyl group, an aliphatic
sulfonyloxy group, an aromatic sulfonyloxy group, a
heterocyclic sulfonyloxy group, a sulfamoyl group, an
aliphatic sulfonamide group, an aromatic sulfonamide
group, a heterocyclic sulfonamide group, an amino group,
an aliphatic amino group, an aromatic amino group, a
heterocyclic amino group, an aliphatic oxycarbonylamino
group, an aromatic oxycarbonylamino group, a heterocyclic
oxycarbonylamino group, an aliphatic sulfinyl group, an
aromatic sulfinyl group, an aliphatic thio group, an
aromatic thio group, a hydroxy group, a cyano group, a
sulfo group, a carboxy group, an aliphatic oxyamino group,
an aromatic oxyamino group, a carbamoylamino group, a
sulfamoylamino group, a halogen atom, a

sulfamoylcarbamoyl group, a carbamoylsulfamoyl group, a



dialiphatic oxyphosphinyl group, or a diaromatic
oxyphosphinyl group.

[0018] The aliphatic group may be saturated or
unsaturated and may have a hydroxy group, an aliphatic
oxy group, a carbamoyl group, an aliphatic oxycarbonyl
group, an aliphatic thio group, an amino group, an
aliphatic amino group, an acylamino group, a
carbamoylamino group, or the like. Examples of the
aliphatic group include an alkyl group having a total of
1 to 8, preferably 1 to 4, carbon atoms, such as a methyl
group, an ethyl group, a vinyl group, a cyclohexyl group,
and a carbamoylmethyl group.

[0019] The aromatic group, for example, may have a nitro
group, a halogen atom, an aliphatic oxy group, a
carbamoyl group, an aliphatic oxycarbonyl group, an
aliphatic thio group, an amino group, an aliphatic amino
group, an acylamino group, a carbamoylamino group, or the
like. Examples of the aromatic group include an aryl
group having 6 to 12 carbon atoms, preferably a total of
6 to 10 carbon atoms, such as a phenyl group, a 4-
nitrophenyl group, a 4-acetylaminophenyl group, and a 4-
methanesulfonylphenyl group.

[0020] The heterocyclic group may have a halogen atom, a
hydroxy group, an aliphatic oxy group, a carbamoyl group,
an aliphatic oxycarbonyl group, an aliphatic thio group,
an amino group, an aliphatic amino group, an acylamino

group, a carbamoylamino group, or the like. Examples of



the heterocyclic group include a 5 to 6-membered
heterocyclic having a total of 2 to 12, preferably 2 to
10, carbon atoms, such as a 2-tetrahydrofuryl group and a
2-pyrimidyl group.

[0021] The acyl group may have an aliphatic carbonyl
group, an arylcarbonyl group, a heterocyclic carbonyl
group, a hydroxy group, a halogen atom, an aromatic group,
an aliphatic oxy group, a carbamoyl group, an aliphatic
oxycarbonyl group, an aliphatic thio group, an amino
group, an aliphatic amino group, an acylamino group, a
carbamoylamino group, or the like. Examples of the acyl
group include an acyl group having a total of 2 to 8,
preferably 2 to 4, carbon atoms, such as an acetyl group,
a propanoyl group, a benzoyl group, and a 3-pyridine
carbonyl group.

[0022] The acylamino group may have an aliphatic group,
an aromatic group, a heterocyclic group, or the like,
such as an acetylamino group, a benzoylamino group, a 2-
pyridine carbonylamino group, and a propanoylamino group.
Examples of the acylamino group include an acylamino
group having a total of 2 to 12, preferably 2 to 8,
carbon atoms, and an alkylcarbonylamino group having a
total of 2 to 8 carbon atoms, such as an acetylamino
group, a benzoylamino group, a 2-pyridinecarbonylamino
group, and a propanoylamino group.

[0023] The aliphatic oxycarbonyl group may be saturated

or unsaturated and may have a hydroxy group, an aliphatic



oxy group, a carbamoyl group, an aliphatic oxycarbonyl
group, an aliphatic thio group, an amino group, an
aliphatic amino group, an acylamino group, a
carbamoylamino group, or the like. Examples of the
aliphatic oxycarbonyl group include an alkoxycarbonyl
group having a total of 2 to 8, preferably 2 to 4, carbon
atoms, such as a methoxycarbonyl, ethoxycarbonyl, or (t)-
butoxycarbonyl group.

[0024] The carbamoyl group may have an aliphatic group,
an aromatic group, a heterocyclic group, or the like.
Examples of the carbamoyl group include an unsubstituted
carbamoyl group, and an alkylcarbamoyl group having a
total of 2 to 9 carbon atoms, preferably an unsubstituted
carbamoyl group or an alkylcarbamoyl group having a total
of 2 to 5 carbon atoms, such as a N-methylcarbamoyl group,
a N,N-dimethylcarbamoyl group, and a N-phenylcarbamoyl
group.

[0025] The aliphatic sulfonyl group may be saturated or
unsaturated and may have a hydroxy group, an aromatic
group, an aliphatic oxy group, a carbamoyl group, an
aliphatic oxycarbonyl group, an aliphatic thio group, an
amino group, an aliphatic amino group, an acylamino group,
a carbamoylamino group, or the like. Examples of the
aliphatic sulfonyl group include an alkylsulfonyl group
having a total of 1 to 6 carbon atoms, preferably a total

of 1 to 4 carbon atoms, such as methanesulfonyl.
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[0026] The aromatic sulfonyl group may have a hydroxy
group, an aliphatic group, an aliphatic oxy group, a
carbamoyl group, an aliphatic oxycarbonyl group, an
aliphatic thio group, an amino group, an aliphatic amino
group, an acylamino group, a carbamoylamino group, or the
like. Examples of the aromatic sulfonyl group include an
aryl sulfonyl group having a total of 6 to 10 carbon
atoms, such as benzenesulfonyl.

[0027] The amino group may have an aliphatic group, an
aromatic group, a heterocyclic group, or the like.

[0028] The acylamino group, for example, may have an
acetylamino group, a benzoylamino group, a 2-pyridine
carbonylamino group, a propanoylamino group, or the like.
Examples of the acylamino group include an acylamino
group having a total of 2 to 12 carbon atoms, preferably
a total of 2 to 8 carbon atoms, more preferably an
alkylcarbonylamino group having a total of 2 to 8 carbon
atoms, such as an acetylamino group, a benzoylamino group,
a 2-pyridine carbonylamino group, and a propanoylamino
group.

[0029] The aliphatic sulfonamide group may be an aromatic
sulfonamide group, and the heterocyclic sulfonamide group,
for example, may be a methanesulfonamide group, a
benzenesulfonamide group, a 2-pyridine sulfonamide group,
or the like.

[0030] The sulfamoyl group may have an aliphatic group,

an aromatic group, a heterocyclic group, or the like.



Examples of the sulfamoyl group include a sulfamoyl group,
an alkylsulfamoyl group having a total of 1 to 9 carbon
atoms, a dialkylsulfamoyl group having a total of 2 to 10
carbon atoms, an arylsulfamoyl group having a total of 7
to 13 carbon atoms, and a heterocyclic sulfamoyl group
having a total of 2 to 12 carbon atoms, more preferably a
sulfamoyl group, an alkylsulfamoyl group having a total
of 1 to 7 carbon atoms, a dialkylsulfamoyl group having a
total of 3 to 6 carbon atoms, an arylsulfamoyl group
having a total of 6 to 11 carbon atoms, and a
heterocyclic sulfamoyl group having a total of 2 to 10
carbon atoms, such as a sulfamoyl group, a
methylsulfamoyl group, a N,N-dimethylsulfamoyl group, a
phenylsulfamoyl group, and a 4-pyridinesulfamoyl group.
[0031] The aliphatic oxy group may be saturated or
unsaturated and may have a methoxy group, an ethoxy group,
an i-propyloxy group, a cyclohexyloxy group, a
methoxyethoxy group, or the like. Examples of the
aliphatic oxy group include an alkoxy group having a
total of 1 to 8, preferably 1 to 6, carbon atoms, such as
a methoxy group, an ethoxy group, an i-propyloxy group, a
cyclohexyloxy group, and a methoxyethoxy group.

[0032] The aromatic amino group and the heterocyclic
amino group may have an aliphatic group, an aliphatic oxy
group, a halogen atom, a carbamoyl group, a heterocyclic
group annelated with the aryl group, or an aliphatic

oxycarbonyl group, preferably an aliphatic group having a



total of 1 to 4 carbon atoms, an aliphatic oxy group
having a total of 1 to 4 carbon atoms, a halogen atom, a
carbamoyl group having a total of 1 to 4 carbon atoms, a
nitro group, or an aliphatic oxycarbonyl group having a
total of 2 to 4 carbon atoms.

[0033] The aliphatic thio group may be saturated or
unsaturated and examples thereof include an alkylthio
group having a total of 1 to 8 carbon atoms, more
preferably a total of 1 to 6 carbon atoms, such as a
methylthio group, an ethylthio group, a
carbamoylmethylthio group, and a t-butylthio group.

[0034] The carbamoylamino group may have an aliphatic
group, an aryl group, a heterocyclic group, or the like.
Examples of the carbamoylamino group include a
carbamoylamino group, an alkylcarbamoylamino group having
a total of 2 to 9 carbon atoms, a dialkylcarbamoylamino
group having a total of 3 to 10 carbon atoms, an
arylcarbamoylamino group having a total of 7 to 13 carbon
atoms, and a heterocyclic carbamoylamino group having a
total of 3 to 12 carbon atoms, preferably a
carbamoylamino group, an alkylcarbamoylamino group having
a total of 2 to 7 carbon atoms, a dialkylcarbamoylamino
group having a total of 3 to 6 carbon atoms, an
arylcarbamoylamino group having a total of 7 to 11 carbon
atoms, and a heterocyclic carbamoylamino group having a
total of 3 to 10 carbon atoms, such as a carbamoylamino

group, a methylcarbamoylamino group, a N,N-



dimethylcarbamoylamino group, a phenylcarbamoylamino
group, and a 4-pyridine carbamoylamino group.
[0035] The PTFE may be homo PTFE or modified PTFE. The
modified PTFE contains a TFE unit and a modifying monomer
unit based on a modifying monomer copolymerizable with
TFE. Further, the PTFE may be a high-molecular weight
PTFE that is non melt-processible and fibrillatable or
may be a low-molecular weight PTFE that is melt-
processible and non-fibrillatable. The standard specific
gravity (SSG) and the melt viscosity (MV) used as indices
of the molecular weight of the PTFE are not limited.
[0036] The modifying monomer is not limited as long as it
is copolymerizable with TFE, and examples thereof include
perfluoroolefins such as hexafluoropropylene [HFP];
chlorofluoroolefins such as chlorotrifluoroethylene
[CTFE]; hydrogen-containing fluoroolefins such as
trifluoroethylene and vinylidene fluoride [VDF];
perfluorovinyl ethers; perfluoroalkyl ethylenes;
ethylenes; and fluorine-containing vinyl ethers having a
nitrile group. Further, one of such modifying monomers
may be used, or a plurality of types thereof may be used.
[0037] The perfluorovinyl ethers are not limited, and
examples thereof include an unsaturated perfluoro
compound represented by Formula (X) below:
CF, = CF-ORf (X)

wherein Rf represents a perfluoroorganic group. In

this description, the "perfluoroorganic group" means an
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organic group in which all hydrogen atoms bonded to
carbon atoms are substituted with fluorine atoms. The
perfluoroorganic group may have ether oxygen.

[0038] Examples of the perfluorovinyl ethers include
perfluoro(alkyl vinyl ether) [PAVE] with Rf representing
a perfluoroalkyl group having 1 to 10 carbon atoms in
Formula (X) above. The perfluoroalkyl group preferably
has 1 to 5 carbon atoms.

[0039] Examples of the perfluoroalkyl group in the PAVE
include a perfluoromethyl group, a perfluoroethyl group,
a perfluoropropyl group, a perfluorobutyl group, a
perfluoropentyl group, and a perfluorohexyl group.
Perfluoromethyl vinyl ether [PMVE] in which the
perfluoroalkyl group is a perfluoromethyl group and
perfluoropropyl vinyl ether [PPVE] in which the
perfluoroalkyl group is a perfluoropropyl group are
preferable.

[0040] The perfluoroalkyl ethylenes are not limited, and
examples thereof include perfluorobutyl ethylene (PFBE),
perfluorohexyl ethylene (PFHE), and perfluorooctyl
ethylene (PFOE).

[0041] The modifying monomer in the modified PTFE 1is
preferably at least one selected from the group
consisting of HFP, CTFE, VDF, PMVE, PPVE, PFBE, PFHE,
CNVE, and ethylenes.

[0042] The modified PTFE preferably has a modifying

monomer unit in the range of 0.0001 to 2 mol%, more



preferably 0.0001 or more and less than 1 mol%, further
preferably in the range of 0.0001 to 0.5 mol%,
particularly preferably in the range of 0.001 to 0.2 mol%.
[0043] The average primary particle size of the PTFE 1is
preferably 150 nm or more, more preferably 180 nm or more.
A larger average primary particle size of the PTFE
composition suppresses the increase of the paste

extrusion pressure more and allows more excellent film-
forming properties during paste extrusion molding using
the powder. The upper limit is not limited but may be

500 nm. In view of the productivity in the

polymerization step, the upper limit is preferably 350 nm.
The average primary particle size is determined from the
actual transmittance of projected light at 550 nm through
each sample using a calibration curve. The calibration
curve 1is plotted by diluting a PTFE aqueous dispersion
with water to a solid content of 0.15 mass% to measure

the transmittance of projected light at 550 nm with
respect to the unit length of the diluted latex obtained,
and measuring the particle size of PTFE along a specified
direction in a transmission electron micrograph to
determine the number-based, length-average particle size.
[0044] The PTFE may have a core-shell structure.

Examples of the PTFE having a core-shell structure

include a modified PTFE containing a core of a high-
molecular weight PTFE and a shell of a lower-molecular

weight PTFE or a modified PTFE in a particle.



Examples of such a modified PTFE include the PTFE
described in National Publication of International Patent
Application No. 2005-527652.

[0045] In this description, the content of each monomer
constituting the PTFE can be calculated by appropriately
combining NMR, FT-IR, the elemental analysis, and the X-
ray fluorescence analysis, depending on the monomer type.
[0046] A method for obtaining a PTFE aqueous dispersion
using a hydrocarbon surfactant will be described later.
The PTFE aqueous dispersion obtained using a hydrocarbon
surfactant contains the compound represented by Formula
(1) or (2) above.

[0047] Examples of the method for removing or reducing
the compound represented by Formula (1) or (2) from the
PTFE aqueous dispersion include adsorption and
concentration.

Further, a method for removing or reducing the
compound represented by Formula (1) or (2) by drying and
vaporizing the PTFE aqueous dispersion also can be
employed. The drying temperature to be employed can be
the later-described heating temperature, for example.

Further, a method of gasifying the PTFE aqueous
dispersion and allowing an aqueous solution to absorb the
compound represented by Formula (1) or (2) in the gas
using a droplet-type absorption device and/or a liquid
film-type absorption device. The temperature of the

aqueous solution 1is, for example, preferably 10 to 60°C.



[0048] Examples of the aforementioned adsorption include
methods of using an adsorbent such as an ion-exchange
resin (IER), an activated carbon, and zeolite.
Specifically, the compound represented by Formula (1) or
(2) above can be removed or reduced by bringing the
compound represented by Formula (1) or (2) above
contained in the PTFE aqueous dispersion into contact
with such an adsorbent. The adsorption can be performed
by adding an ion-exchange resin to the PTFE aqueous
dispersion, followed by stirring, as required. The ion
exchange is preferably performed by adding 1 g or more of
the ion-exchange resin per 100 g of the PTFE. The amount
of the ion-exchange resin added is more preferably 10 g
or more and is preferably 200 g or less, more preferably
100 g or less.
[0049] Examples of the aforementioned concentration
include phase separation concentration, electric
concentration, filtration with an ultrafiltration
membrane, filtration with a reverse osmosis membrane (RO
film), and nanofiltration. Examples of the concentration
include a method of adding 1%/PTFE or more of a nonionic
surfactant to the PTFE aqueous dispersion, followed by
standing.

The amount of the nonionic surfactant added is
preferably 40%/PTFE or less, more preferably 30%/PTFE or

less, further preferably 20%/PTFE or less.



The standing temperature is not limited but may be,
for example, 20°C or more and 80°C or less. The standing
time is not limited but may be, for example, 1 minute or
more and 24 hours or less.

[0050] The removal step preferably includes a step of
adsorbing and/or concentrating the PTFE agqueous
dispersion, more preferably a step of ion-exchanging
and/or concentrating the PTFE aqueous dispersion.

The ion exchange and/or concentration step may be an
ion exchange step, a concentration step, or an ion
exchange and concentration step, and each step may be
performed multiple times. In the case of performing ion
exchange and concentration, the order of ion exchange and
concentration may be random, or ion exchange and
concentration may be alternately performed.

The ion exchange and/or concentration step is
particularly preferably an ion exchange and concentration
step. In the ion exchange and/or concentration step, it
is more preferable that concentration is performed after
ion exchange.

[0051] The adsorption and the concentration each may be
performed multiple times. For example, the adsorption or
concentration may be performed twice, 3 times, 4 times, 5
times, 6 times, 7 times, 8 times, 9 times, or 10 times.
Further, the adsorption and the concentration may be

performed in combination.



[0052] When the PTFE aqueous dispersion is obtained using
a hydrocarbon surfactant, the compounds represented by
Formulas (1) and (2) are generally generated in an amount
of 1 to 200 ppm with respect to PTFE.

The removal step removes or reduces the compound
represented by Formula (1) or (2) in the PTFE aqueous
dispersion, so that a purified PTFE aqueous dispersion
can be obtained.

[0053] The removal step preferably removes 80 mass$ or
more, more preferably 85 mass% or more, further
preferably 90 mass% or more, furthermore preferably 95
mass% or more, even more preferably 97 mass$ or more,
particularly preferably 98 mass%$ or more, most preferably
99 mass% or more, of the compounds represented by
Formulas (1) and (2) in the PTFE aqueous dispersion.
[0054] The removal step preferably reduces the content of
each of the compounds represented by Formulas (1) and (2)
in the aqueous dispersion of purified PTFE to be obtained
to 500 ppb or less, more preferably 200 ppb or less,
further preferably 100 ppb or less, particularly
preferably 50 ppb or less, most preferably 25 ppb or less,
with respect to PTFE.

[0055] The PTFE aqueous dispersion can be obtained by a
production method including a step of performing emulsion
polymerization of tetrafluoroethylene in an aqueous
medium in the presence of a hydrocarbon surfactant. The

emulsion polymerization can be performed by a



conventionally known method. The aqueous medium is not
limited as long as it is a liquid containing water, and
may contain an organic solvent such as alcohols, ethers,
ketones, and paraffin waxes in addition to water.
[0056] Examples of the hydrocarbon surfactant that can be
used include those described in National Publication of
International Patent Application No. 2013-542308,
National Publication of International Patent Application
No. 2013-542309, and National Publication of
International Patent Application No. 2013-542310. The
detail of the hydrocarbon surfactant will be described
later.
[0057] The present invention is also a method for
producing refined PTFE powder, the method comprising:
removing a compound represented by Formula (1) or (2)
below from PTFE powder obtained using a hydrocarbon
surfactant:
Formula (1): (H-(CF;),—COO)M"

wherein m is 3 to 19, M is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and p
is 1 or 2; or

Formula (2): (H-(CFj),—S03) M



2 is H, a metal atom, NR°,

wherein n is 4 to 20, M
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and g
is 1 or 2.

Examples of the metal atom include monovalent or
divalent metal atoms such as alkali metals (Group 1) and
alkaline earth metals (Group 2), specifically Na, K, or
Li.

Four R’s may be the same as or different from each
other. R’s are each preferably H or an organic group
having 1 to 10 carbon atoms, more preferably H or an
organic group having 1 to 4 carbon atoms.

In Formula (1), m may be 5 to 11.

In Formula (2), n may be 6 to 12.

[0058] The PTFE powder to be obtained using a hydrocarbon
surfactant can be obtained, for example, by coagulation
of the PTFE aqueous dispersion that is obtained using a
hydrocarbon surfactant. The PTFE in the PTFE powder can
be the PTFE such as homo PTFE and modified PTFE described
in the method for producing an aqueous dispersion of
purified PTFE.

[0059] Examples of the method for removing or reducing

the compound represented by Formula (1) or (2) from the



PTFE powder include heating, fluorination, and washing
with water or an organic solvent.

Examples of the organic solvent include ethers,
halogenated hydrocarbons, aromatic hydrocarbons,
pyridines, nitriles, nitrogen-containing polar organic
compounds, dimethylsulfoxides, and alcohols.

Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether.

Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene.

Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes.

Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile.

Examples of the nitrogen-containing polar organic
compounds include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,
and 1,3- dimethyl-2-imidazolidinone.

Examples of the alcohols include methanol, ethanol,
l-propanol, and isopropanol.

Such organic solvents may be used in combination.
[0060] The heating method is not limited and may be a
conventionally known method. The heating temperature is

preferably 150°C or more. Further, for removing or



reducing the compound represented by Formula (1) or (2),
the heating temperature is more preferably 160°C or more.
That is, the removal step preferably includes a step of
heating the PTFE powder obtained using a hydrocarbon
surfactant at a temperature of 160°C or more.

The heating temperature is more preferably 170°C or
more, further preferably 180°C or more, furthermore
preferably 200°C or more, even more preferably 210°C or
more, particularly preferably 220°C or more, most
preferably 230°C or more.

Further, the heating temperature is preferably 310°C
or less, more preferably 300°C or less, further
preferably 290°C or less, furthermore preferably 280°C or
less, even more preferably 270°C or less. The heating
may be accompanied by drying of moisture.

That is, the heating may include drying the wet PTFE
powder containing moisture obtained by coagulation of the
PTFE dispersion after polymerization obtained using a
hydrocarbon surfactant. During the drying, the compound
represented by Formula (1) or (2) and the compound
represented by Formula (7), which will be described below,
are reduced.

Further, the PTFE powder free from moisture after
the drying is preferably heated again. Specifically, the
heating may be performed, after drying the wet PTFE
powder to remove moisture, by further increasing the

temperature continuously to the aforementioned



temperature range. In this case, the drying may be
performed at a temperature less than the aforementioned
temperature range, for example, less than 150°C.

The method for producing refined PTFE powder of the
present invention may include a step of obtaining wet
PTFE powder containing moisture by coagulation of the
PTFE dispersion that is obtained using a hydrocarbon
surfactant.

[0061] The fluorination method may be a conventionally
known method. Examples thereof include a method of
exposing the PTFE powder to a fluorine radical source
that generates fluorine radicals under fluorination
conditions. Examples of the fluorine radical source
include CoFs, AgF,, UFg, OF,, NyF;, CF30F, halogen
fluorides (such as IF, (where n is 1 to 7) including IF,
IFs, IFs, and IF,; ClF, ClFs3, and BrF;3), rare gas
fluorides (such as XeF,, XeF,, and KrF,), and nitrogen-
containing fluorine compounds (such as NF3; and NF;) other
than fluorine gas. Among these, fluorine gas is most
preferable from the viewpoints of the handleability, the
cost, the ability of removing the compounds represented
by Formulas (1) and (2) with high efficiency, and the
difficulty of causing new impurities such as iodine.

Since the reaction with the fluorine radical source
is extremely exothermic, the fluorine radical source may

be diluted with an inert gas such as nitrogen.



The level of the fluorine radical source in the
fluorine radical source/inert gas mixture can be 1 to 100
vol% but is preferably about 5 to about 25 vol% due to
the high risk of operation with pure fluorine. 1In the
case of fluorinated polymer resins with severe heat-
induced discoloration, the fluorine radical source/inert
gas mixture may be sufficiently diluted for preventing
the overheating of fluorinated polymers and the risk of
associated fire.

[0062] The fluorination method is not limited and may be
a conventionally known method. The fluorination
temperature is preferably over 100°C. The fluorination
temperature is more preferably 110°C or more, further
preferably 120°C or more, furthermore preferably 130°C or
more, even more preferably 150°C or more. Further, the
fluorination temperature is particularly preferably 170°C
or more, further preferably 180°C or more, furthermore
preferably 200°C or more, even more preferably 210°C or
more, particularly preferably 220°C or more, most
preferably 230°C or more. Further, the fluorination
temperature is preferably 310°C or less, more preferably
300°C or less, further preferably 290°C or less,
furthermore preferably 280°C or less, even more
preferably 270°C or less, particularly preferably 250°C
or less, most preferably 240°C or less. An excessively
low temperature may allow the compound represented by

Formula (7), which will be described below, to remain in



an amount of over 1000 ppb with respect to PTFE. An
excessively high temperature may reduce the paste
extrusion performance, since even a small shear force
easily causes fibrillation due to the friction between
the particles of the PTFE powder, and the original state
of the particle structure is easily lost.

The fluorination temperature is preferably 110 to
270°C, more preferably 120 to 270°C, further preferably
150 to 270°C, particularly preferably 200 to 270°C.
[0063] In the fluorination, the amount of the fluorine
radical source added is preferably 0.5 parts by weight or
more per 100 parts by weight of the PTFE as a raw
material in terms of fluorine atoms. The amount of the
fluorine radical source added is more preferably 0.8
parts by weight or more, further preferably 1.0 part by
weight or more, more preferably 1.6 parts by weight or
more, further preferably 2.0 parts by weight or more,
furthermore preferably 2.5 parts by weight or more,
particularly preferably 3.0 parts by weight or more,
particularly preferably 5.0 parts by weight or more.
Further, the amount of the fluorine radical source added
is preferably 35.0 parts by weight or less, more
preferably 26.0 parts by weight or less, further
preferably 20.0 parts by weight or less, particularly
preferably 15.0 parts by weight or less. An excessively
small amount of the fluorine radical source added may

result in insufficient removal or reduction of the



compound represented by Formula (1) or (2). Further, the
removal or reduction of compounds that cannot be
identified may be insufficient. An excessively large
amount of the fluorine radical source added does not
improve the effects of fluorination and thus may be
uneconomical.

[0064] A suitable combination of the fluorination
temperature and the amount of the fluorine radical source
added is, for example, a heating temperature of over
100°C and an amount of the fluorine radical source added
of 0.5 parts by weight or more per 100 parts by weight of
the PTFE as a raw material in terms of fluorine atoms.

The combination is preferably over 100°C and 1.0
part by weight or more, more preferably over 100°C and
1.6 parts by weight or more, further preferably over
100°C and 2.0 parts by weight or more, furthermore
preferably over 100°C and 2.5 parts by weight or more,
even more preferably over 100°C and 3.0 parts by weight
or more, particularly preferably over 100°C and 5.0 parts
by weight or more.

Further, the combination is preferably 110°C or more
and 0.5 parts by weight or more, more preferably 110°C or
more and 1.0 part by weight or more, further preferably
110°C or more and 1.6 parts by weight or more,
furthermore preferably 110°C or more and 2.0 parts by
weight or more, even more preferably 110°C or more and

2.5 parts by weight or more, particularly preferably
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110°C or more and 3.0 parts by weight or more, most
preferably 110°C or more and 5.0 parts by weight or more.
Further, the combination is preferably 120°C or more and
0.5 parts by weight or more, more preferably 120°C or
more and 1.0 part by weight or more, further preferably
120°C or more and 1.6 parts by weight or more,
furthermore preferably 120°C or more and 2.0 parts by
weight or more, even more preferably 120°C or more and
2.5 parts by weight or more, particularly preferably
120°C or more and 3.0 parts by weight or more, most
preferably 120°C or more and 5.0 parts by weight or more.
Further, the combination is preferably 130°C or more and
0.5 parts by weight or more, more preferably 130°C or
more and 1.0 part by weight or more, further preferably
130°C or more and 1.6 parts by weight or more,
furthermore preferably 130°C or more and 2.0 parts by
weight or more, even more preferably 130°C or more and
2.5 parts by weight or more, particularly preferably
130°C or more and 3.0 parts by weight or more, most
preferably 130°C or more and 5.0 parts by weight or more.
Further, the combination is preferably 150°C or more and
0.5 parts by weight or more, more preferably 150°C or
more and 1.0 part by weight or more, further preferably
150°C or more and 1.6 parts by weight or more,
furthermore preferably 150°C or more and 2.0 parts by
weight or more, even more preferably 150°C or more and

2.5 parts by weight or more, particularly preferably



150°C or more and 3.0 parts by weight or more, most
preferably 150°C or more and 5.0 parts by weight or more.
Further, the combination is preferably 170°C or more and
0.5 parts by weight or more, more preferably 170°C or
more and 1.0 part by weight or more, further preferably
170°C or more and 1.6 parts by weight or more,
furthermore preferably 170°C or more and 2.0 parts by
weight or more, even more preferably 170°C or more and
2.5 parts by weight or more, particularly preferably
170°C or more and 3.0 parts by weight or more, most
preferably 170°C or more and 5.0 parts by weight or more.
Further, the combination is preferably 180°C or more and
0.5 parts by weight or more, more preferably 180°C or
more and 1.0 part by weight or more, further preferably
180°C or more and 1.6 parts by weight or more,
furthermore preferably 180°C or more and 2.0 parts by
weight or more, even more preferably 180°C or more and
2.5 parts by weight or more, particularly preferably
180°C or more and 3.0 parts by weight or more, most
preferably 180°C or more and 5.0 parts by weight or more.
Further, the combination is preferably 200°C or more and
0.5 parts by weight or more, more preferably 200°C or
more and 1.0 part by weight or more, further preferably
200°C or more and 1.6 parts by weight or more,
furthermore preferably 200°C or more and 2.0 parts by
weight or more, even more preferably 200°C or more and

2.5 parts by weight or more, particularly preferably



200°C or more and 3.0 parts by weight or more, most
preferably 200°C or more and 5.0 parts by weight or more.
Further, the combination is preferably 210°C or more and
0.5 parts by weight or more, more preferably 210°C or
more and 1.0 part by weight or more, further preferably
210°C or more and 1.6 parts by weight or more,
furthermore preferably 210°C or more and 2.0 parts by
weight or more, even more preferably 210°C or more and
2.5 parts by weight or more, particularly preferably
210°C or more and 3.0 parts by weight or more, most
preferably 210°C or more and 5.0 parts by weight or more.
Further, the combination is preferably 220°C or more and
0.5 parts by weight or more, more preferably 220°C or
more and 1.0 part by weight or more, further preferably
220°C or more and 1.6 parts by weight or more,
furthermore preferably 220°C or more and 2.0 parts by
weight or more, even more preferably 220°C or more and
2.5 parts by weight or more, particularly preferably
220°C or more and 3.0 parts by weight or more, most
preferably 220°C or more and 5.0 parts by weight or more.
Further, the combination is preferably 230°C or more and
0.5 parts by weight or more, more preferably 230°C or
more and 1.0 part by weight or more, further preferably
230°C or more and 1.6 parts by weight or more,
furthermore preferably 230°C or more and 2.0 parts by
weight or more, even more preferably 230°C or more and

2.5 parts by weight or more, particularly preferably



230°C or more and 3.0 parts by weight or more, most
preferably 230°C or more and 5.0 parts by weight or more.
The heating temperature in the combination is
preferably 310°C or less, more preferably 300°C or less,
further preferably 290°C or less, furthermore preferably
280°C or less, even more preferably 270°C or less,
particularly preferably 250°C or less, most preferably

240°C or less.

The amount of the fluorine radical source added in
the combination is preferably 35.0 parts by weight or
less, more preferably 26.0 parts by weight or less,
further preferably 20.0 parts by weight or less,
particularly preferably 15.0 parts by weight or less, per
100 parts by weight of the PTFE as a raw material in
terms of fluorine atoms.

Further, the combination of the upper limits of the
heating temperature and the amount of the fluorine
radical source is preferably 240°C or less and 35.0 parts
by weight or less, more preferably 240°C or less and 26.0
parts by weight or less, further preferably 240°C or less
and 20.0 parts by weight or less, particularly preferably
240°C or less and 15.0 parts by weight or less.

[0065] The amount (parts by weight) of the fluorine
radical source added per 100 parts by weight of PTFE was
calculated according to the following formulas.

A

(B/F) X 100

B C XD X E



C = {P/(RT X 1000)} X G X H

A: Amount (parts by weight) of fluorine radical source
added per 100 parts by weight of PTFE

B: Total amount (g) of fluorine radical source added
C: Concentration (g/mL) of fluorine radical source in
mixed gas

D: Flow rate (mL/min) of mixed gas

E: Fluorination time (min)

F: Amount (g) of sample loaded

G: Molecular weight (g/mol) of fluorine radical source
H: Proportion of fluorine radical source in mixed gas

P, R, and T used in the above formula are defined as

follows.

P = Pressure (atm)

R = 0.082 (atmL/Kmol)
T = Temperature (K)

[0066] Any reactor provided with a heating device and
capable of making sufficient solid-gas contact can be
used for fluorination without problems. Specifically,
examples thereof include solid-gas contact reactors of
fluidized bed type and shelf type.

[0067] In the method for producing refined PTFE powder,
the removal step may be performed multiple times. The
removal step may be performed twice, 3 times, 4 times, 5
times, 6 times, 7 times, 8 times, 9 times, or 10 times,

for example. The heating and the fluorination may be



performed in combination and may be performed
simultaneously.

[0068] The washing method with water or an organic
solvent is not limited and may be a conventionally known
method.

[0069] When PTFE powder is obtained using a hydrocarbon
surfactant, 1 to 200 ppm of the compounds represented by
Formulas (1) and (2) with respect to PTFE may be
generated.

The removal step removes or reduces the compound
represented by Formula (1) or (2) in the PTFE aqueous
dispersion, thereby allowing refined PTFE powder to be
obtained.

[0070] The removal step preferably removes 80 mass$ or
more, more preferably 85 mass$% or more, further
preferably 90 mass% or more, furthermore preferably 95
mass% or more, even more preferably 97 mass$%$ or more,
particularly preferably 98 mass%$ or more, most preferably
99 mass% or more, of the compounds represented by
Formulas (1) and (2) in the PTFE powder.

The removal step reduces the content of each of the
compounds represented by Formulas (1) and (2) in the
refined PTFE powder to be obtained preferably to 500 ppb
or less, more preferably 200 ppb or less, further
preferably 100 ppb or less, particularly preferably 50
ppb or less, most preferably 25 ppb or less, with respect

to PTFE.



[0071] The present invention is a method for producing a
molded body using PTFE that is produced using a
hydrocarbon surfactant, the method comprising: removing
or reducing a compound represented by Formula (1) or (2)
below:
Formula (1): (H-(CF;),—COO)M"

wherein m is 3 to 19, M is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and p
is 1 or 2; or
Formula (2): (H-(CFj),—S03) M

2 is H, a metal atom, NR%,

wherein n is 4 to 20, M
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and g
is 1 or 2.

Examples of the metal atom include monovalent or
divalent metal atoms such as alkali metals (Group 1) and
alkaline earth metals (Group 2), specifically Na, K, or
Li.

Four R’s may be the same as or different from each

other. R’s are each preferably H or an organic group



having 1 to 10 carbon atoms, more preferably H or an
organic group having 1 to 4 carbon atoms.

In Formula (1), m may be 5 to 11.

In Formula (2), n may be 6 to 12.

[0072] The PTFE that is produced using a hydrocarbon
surfactant may be PTFE powder obtained using a
hydrocarbon surfactant.

The PTFE can be the PTFE such as homo PTFE and
modified PTFE described in the method for producing an
aqueous dispersion of purified PTFE.

[0073] In the method for producing a molded body of the
present invention, examples of the method for removing or
reducing the compound represented by Formula (1) or (2)
include heating and fluorination.

[0074] The heating method is not limited and may be a
conventionally known method. The heating temperature is
preferably 150°C or more. The heating temperature is
more preferably 160°C or more. That is, the removal step
preferably comprises heating at a temperature of 160°C or
more. The heating temperature is more preferably 170°C
or more, further preferably 180°C or more, furthermore
preferably 200°C or more, even more preferably 210°C or
more, particularly preferably 220°C or more, most
preferably 230°C or more.

Further, the heating temperature is preferably 310°C

or less, more preferably 300°C or less, further



preferably 290°C or less, furthermore preferably 280°C or
less, even more preferably 270°C or less.

The heating time is not limited but is, for example,
1 minute or more and 24 hours or less.

The heating may be accompanied by drying. The
compound represented by Formula (1) or (2) or the
compound represented by Formula (7), which will be
described below, is reduced during the drying.

[0075] The fluorination method may be a conventionally
known method. Examples thereof include a method of
exposing the PTFE powder to a fluorine radical source
that generates fluorine radicals under fluorination
conditions. Examples of the fluorine radical source
include CoFs, AgF,, UFg¢, OF;, NyF,, CF30F, and halogen
fluorides, such as IFs, ClF3, and BrFs; other than fluorine
gas. Since the reaction with the fluorine radical source
is extremely exothermic, the fluorine radical source may
be diluted with an inert gas such as nitrogen.

The level of the fluorine radical source in the
fluorine radical source/inert gas mixture can be 1 to 100
vol% but is preferably about 5 to about 25 vol% due to
the high risk of operation with pure fluorine. 1In the
case of fluorinated polymer resins with severe heat-
induced discoloration, the fluorine radical source/inert
gas mixture may be sufficiently diluted for preventing
the overheating of fluorinated polymers and the risk of

associated fire.



The heating and the fluorination may be performed in
combination and may be performed simultaneously.

The compound represented by Formula (1) or (2) or
the compound represented by Formula (7), which will be
described below, is reduced by the fluorination.

[0076] The fluorination method is not limited and may be
a conventionally known method. The fluorination
temperature is preferably over 100°C. The fluorination
temperature is more preferably 110°C or more, further
preferably 120°C or more, furthermore preferably 130°C or
more, even more preferably 150°C or more. Further, the
fluorination temperature is particularly preferably 170°C
or more, further preferably 180°C or more, furthermore
preferably 200°C or more, even more preferably 210°C or
more, particularly preferably 220°C or more, most
preferably 230°C or more. Further, the fluorination
temperature is preferably 310°C or less, more preferably
300°C or less, further preferably 290°C or less,
furthermore preferably 280°C or less, even more
preferably 270°C or less, particularly preferably 250°C
or less, most preferably 240°C or less.

The fluorination time is not limited but is, for
example, 1 minute or more and 24 hours or less.

[0077] The amount of the fluorine radical source added in
the fluorination is preferably 0.5 parts by weight or
more, more preferably 0.8 parts by weight or more,

further preferably 1.0 parts by weight or more, per 100



parts by weight of the PTFE as a raw material in terms of
fluorine atoms. Further, the amount of the fluorine
radical source added is more preferably 1.6 parts by
weight or more, further preferably 2.0 parts by weight or
more, furthermore preferably 2.5 parts by weight or more,
particularly preferably 3.0 parts by weight or more,
particularly preferably 5.0 parts by weight or more.
Further, the amount of the fluorine radical source added
is preferably 35.0 parts by weight or less, more
preferably 26.0 parts by weight or less, further
preferably 20.0 parts by weight or less, particularly
preferably 15.0 parts by weight or less. An excessively
small amount of the fluorine radical source added may
result in insufficient removal or reduction of the
compound represented by Formula (1) or (2). Further, the
removal or reduction of compounds that cannot be
identified may be insufficient. An excessively large
amount of the fluorine radical source added does not
improve the effects of fluorination and thus may be
uneconomical.

All the combinations of the fluorination temperature
and the content of the fluorine radical source in the
aforementioned method for producing PTFE powder can be
employed also in the fluorination in the method for
producing a molded body.

[0078] Any reactor provided with a heating device and

capable of making sufficient solid-gas contact can be



used for fluorination without problems. Specifically,
examples thereof include solid-gas contact reactors of
fluidized bed type or shelf type.

[0079] The method for producing a molded body of the
present invention needs only to comprise the removal step.
[0080] The method for producing a molded body of the
present invention may further comprise step (la) of
mixing the PTFE powder obtained using a hydrocarbon
surfactant with an extrusion aid, step (lb) of subjecting
the mixture obtained to paste extrusion molding, step
(lc) of drying the extrudate obtained by the extrusion
molding, and step (1d) of obtaining a molded body by
firing the extrudate after drying, in addition to the
removal step. The removal step may be performed after
step (la) and before step (1lb), after step (lb) and
before step (lc), or after step (1d). In the case of
performing heating as the removal step after step (1d),
the heating temperature can be over 310°C and is
preferably 500°C or less.

Further, the removal step may be performed during
step (lb), step (lc), or step (1d). The removal step may
be performed multiple times. The removal step may be
performed twice, 3 times, 4 times, 5 times, 6 times, 7
times, 8 times, 9 times, or 10 times, for example. The
heating and the fluorination may be performed in

combination and may be performed simultaneously.
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In this way, the removal step may remove or reduce
the compound represented by Formula (1) or (2) from the
PTFE powder obtained using a hydrocarbon surfactant or
may remove or reduce the compound represented by Formula
(1) or (2) from the molded body formed using the PTFE
powder that is obtained using a hydrocarbon surfactant,
in the method for producing a molded body of the present
invention.

[0081] The paste extrusion molding can be performed by a
conventionally known method, and the molding conditions
can be selected corresponding to the desired shape and
size. The paste extrusion molding can be performed while
adding conventionally known additives such as pigments
and fillers to the PTFE powder.

[0082] The method for producing a molded body of the
present invention may further comprise step (2a) of
mixing the PTFE powder obtained using a hydrocarbon
surfactant with an extrusion aid, step (2b) of extruding
and rolling the mixture obtained, step (2c) of drying the
extrudate obtained by extruding and rolling, step (2d) of
uniaxially stretching the extrudate after drying, step
(2e) of biaxially stretching the uniaxially stretched
material, step (2f) of firing the stretched material
after biaxial stretching, and step (2g) of laminating the
fired product to another material, in addition to the
removal step. In this case, the removal step may be

performed after step (2a) and before step (2b), after



step (2b) and before step (2c), after step (2c) and
before step (2d), after step (2d) and before step (2e),
after step (2e) and before step (2f), or after step (2f)
and before step (29).

Further, the removal step may be performed during
step (2a), (2b), (2c), (2d), (2e), (2f), or (2g). The
removal step may be performed multiple times. The
heating and the fluorination may be performed in
combination or may be performed simultaneously.

[0083] The extrusion aid is not limited, and a generally
known extrusion aid can be used. Examples thereof
include hydrocarbon oils.

[0084] The method for producing a molded body of the
present invention may comprise step of compression-
molding the PTFE powder obtained using a hydrocarbon
surfactant, in addition to the removal step. In such a
case, the removal step may be performed during the
compression-molding step or after the compression-molding
step. The removal step may be performed multiple times.
The heating and the fluorination may be performed in
combination.

[0085] In the method for producing a molded body of the
present invention, the removal step preferably removes 80
mass% or more, more preferably 85 mass% or more, further
preferably 90 mass% or more, furthermore preferably 95
mass% or more, even more preferably 97 mass$ or more,

particularly preferably 98 mass%$ or more, most preferably



99 mass% or more, of the compounds represented by
Formulas (1) and (2) between before and after the removal
step.

The removal step preferably reduces the content of
each of the compounds represented by Formulas (1) and (2)
in the PTFE molded body to be obtained to 500 ppb or less,
more preferably 200 ppb or less, further preferably 100
ppb or less, particularly preferably 50 ppb or less, most
preferably 25 ppb or less, with respect to PTFE.

[0086] As described above, the fluorination at a specific
temperature is one of the preferable embodiments of the
method for removing or reducing the compound represented
by Formula (1) or (2).

That is, the present invention is also a method for
producing refined PTFE, the method comprising: removing
or reducing a compound represented by Formula (1) or (2)
below by bringing a fluorine radical source into contact
with a PTFE obtained using a hydrocarbon surfactant at a
temperature over 100°C:

Formula (1): (H-(CF;),—COO)M"

wherein m is 3 to 19, M is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and p

is 1 or 2; or



Formula (2): (H-(CF3),—S03) M

wherein n is 4 to 20, M® is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and g
is 1 or 2.

The compound represented by Formula (1) or (2) can
be efficiently removed by bringing the fluorine radical
source into contact (fluorination) at a specific
temperature as described above.

Further, the PTFE obtained using a hydrocarbon
surfactant may contain impurities such as degradation
products of materials used in the polymerization of the
PTFE other than the compound represented by Formula (1)
or (2) in some cases, but such impurities can also be
removed by bringing the fluorine radical source into
contact at a specific temperature as described above.

The temperature at which the fluorine radical source
is brought into contact is over 100°C. The temperature
at which the fluorine radical source is brought into
contact can be adjusted by a conventionally known method
and is preferably 110°C or more, more preferably 120°C or
more, further preferably 130°C or more, furthermore
preferably 150°C or more, even more preferably 170°C or

more, more preferably 180°C or more, particularly



preferably 200°C or more. Further, the temperature is
further preferably 210°C or more, particularly preferably
220°C or more, most preferably 230°C or more. Further,
the temperature is preferably 310°C or less, more
preferably 300°C or less, further preferably 290°C or
less, furthermore preferably 280°C or less, even more
preferably 270°C or less, particularly preferably 250°C

or less, most preferably 240°C or less.

In this production method, all the amounts of the
fluorine radical source added and all the combinations of
temperature and amount added described above can be
employed.

When bringing the fluorine radical source into
contact in the method for producing refined PTFE, various
fluorination conditions (such as the type of the fluorine
radical source, the amount of the fluorine radical source
added, and the timing and the number of times of
fluorination) described in the method for producing
refined PTFE powder and the method for producing a molded
body can be appropriately employed. Further, in addition
to the method of bringing the fluorine radical source
into contact, the removal methods such as heating and
washing with water or an organic solvent described in the
removal step may be combined. In particular, a heating
step may be performed after the step of bringing the
fluorine radical source into contact to remove or reduce

the compound represented by Formula (1) or (2). The



heating step can further reduce the content of each of
the compounds represented by Formulas (1) and (2). The
heating step can also further reduce the content of the
compound represented by Formula (7). The heating
temperature and time falling within the aforementioned
ranges can be employed in the heating step. In the
method for producing refined PTFE, the PTFE obtained
using a hydrocarbon surfactant may be in the form of
powder or a molded body.
[0087] As described above, fluorination using a specific
amount of the fluorine radical source is also one of the
preferable embodiments of the method for removing or
reducing the compound represented by Formula (1) or (2).

That is, the present invention is also a method for
producing PTFE, the method comprising: removing or
reducing a compound represented by Formula (1) or (2)
below by bringing a PTFE obtained using a hydrocarbon
surfactant into contact with a fluorine radical source,
wherein the amount of the fluorine radical source added
is 0.5 parts by weight or more per 100 parts by weight of
PTFE in terms of fluorine atoms:
Formula (1): (H-(CF;),—COO)M"

wherein m is 3 to 19, M is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a

substituent, a pyridinium optionally having a substituent,



or a phosphonium optionally having a substituent, and p
is 1 or 2; or
Formula (2): (H-(CF3),—S03) M

wherein n is 4 to 20, M? is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and g
is 1 or 2.

The compound represented by Formula (1) or (2) can
be efficiently removed by bringing the fluorine radical
source into contact (fluorination) in the specific amount
added.

Further, the PTFE obtained using a hydrocarbon
surfactant may contain impurities such as degradation
products of materials used in the polymerization of the
PTFE other than the compound represented by Formula (1)
or (2) in some cases, but such impurities can also be
removed by bringing the fluorine radical source into
contact in the specific amount added.

The amount of the fluorine radical source added is
0.5 parts by weight or more per 100 parts by weight of
the PTFE as a raw material in terms of fluorine atoms.
The amount of the fluorine radical source added 1is
preferably 0.8 parts by weight or more, more preferably

1.0 part by weight or more, further preferably 1.6 parts



by weight or more, more preferably 2.0 parts by weight or
more, further preferably 2.5 parts by weight or more,
furthermore preferably, 3.0 parts by weight or more,
particularly preferably 5.0 parts by weight or more.
Further, the amount of the fluorine radical source added
is preferably 35.0 parts by weight or less, more
preferably 26.0 parts by weight or less, further
preferably 20.0 parts by weight or less, particularly
preferably 15.0 parts by weight or less. An excessively
small amount of the fluorine radical source added may
result in insufficient removal or reduction of the
compound represented by Formula (1) or (2). Further, the
removal or reduction of compounds that cannot be
identified may be insufficient. An excessively large
amount of the fluorine radical source added does not
improve the effects of fluorination and thus tends to be
uneconomical. In this production method, all the
fluorination temperatures and all the combinations of the
temperature and the amount added described above can be
employed.

When bringing the fluorine radical source into
contact in the method for producing refined PTFE, various
conditions (such as the type of the fluorine radical
source, the fluorination temperature, and the timing and
the number of times of fluorination) described in the
method for producing refined PTFE powder and the method

for producing a molded body can be appropriately employed.



Further, in addition to the method of bringing the
fluorine radical source into contact, the removal methods
such as heating and washing with water or an organic
solvent described in the removal step may be combined.
In particular, a heating step may be performed after the
step of bringing the fluorine radical source into contact
to remove or reduce the compound represented by Formula
(1) or (2). The heating step can further reduce the
content of each of the compounds represented by Formulas
(1) and (2). The heating step can also further reduce
the content of the compound represented by Formula (7).
The heating temperature and the time falling within the
aforementioned ranges can be employed in the heating step.
In the method for producing refined PTFE, the PTFE
obtained using a hydrocarbon surfactant may be in the
form of powder or a molded body.
[0088] Hereinafter, the hydrocarbon surfactant will be
specifically described.
[0089] The hydrocarbon surfactant has a hydrophilic part
and a hydrophobic part in the same molecule. These may
be cationic, nonionic, or anionic.
[0090] A cationic surfactant generally has a positively
charged hydrophilic part such as alkylated ammonium
halides including alkylated ammonium bromide, and a
hydrophobic part such as long-chain fatty acids.
[0091] An anionic surfactant generally has a hydrophilic

part such as carboxylate, sulfonate, or sulfate, and a



hydrophobic part composed of long-chain hydrocarbons such
as alkyls.

[0092] A nonionic surfactant is generally free from
charged groups and has a hydrophobic part composed of
long-chain hydrocarbons. The hydrophilic part of the
nonionic surfactant contains water—-soluble functional
groups such as ethylene ether chains derived from
polymerization with ethylene oxide.

[0093] Examples of the nonionic hydrocarbon surfactant
include polyoxyethylene alkyl ether, polyoxyethylene
alkylphenyl ether, polyoxyethylene alkyl ester, sorbitan
alkyl ester, polyoxyethylene sorbitan alkyl ester,
glycerol ester, and derivatives thereof.

[0094] Specific examples of the polyoxyethylene alkyl
ether include polyoxyethylene lauryl ether,
polyoxyethylene cetyl ether, polyoxyethylene stearyl
ether, polyoxyethylene oleyl ether, and polyoxyethylene
behenyl ether.

[0095] Specific examples of the polyoxyethylene
alkylphenyl ether include polyoxyethylene nonylphenyl
ether and polyoxyethylene octylphenyl ether.

[0096] Specific examples of the polyoxyethylene alkyl
ester include polyethylene glycol monolaurate,
polyethylene glycol monooleate, and polyethylene glycol
monostearate.

[0097] Specific examples of the sorbitan alkyl ester

include polyoxyethylene sorbitan monolaurate,



polyoxyethylene sorbitan monopalmitate, polyoxyethylene
sorbitan monostearate, and polyoxyethylene sorbitan
monooleate.

[0098] Specific examples of the polyoxyethylene sorbitan
alkyl ester include polyoxyethylene sorbitan monolaurate,
polyoxyethylene sorbitan monopalmitate, and
polyoxyethylene sorbitan monostearate.

[0099] Specific examples of the glycerol ester include
glycerol monomyristate, glycerol monostearate, and
glycerol monooleate.

[0100] Specific examples of the derivatives include
polyoxyethylene alkylamine, polyoxyethylene alkylphenyl-
formaldehyde condensate, and polyoxyethylene alkyl ether
phosphate.

[0101] Such ethers and esters may have an HLB value of 10
to 18.

[0102] Examples of the nonionic hydrocarbon surfactant
include Triton(R), Triton(R) X Series (such as X15, X45,
and X100), Tergitol (R) 15-S Series, Tergitol (R) TMN
Series (such as TMN-6, TMN-10, and TMN-100), and
Tergitol (R) L Series, which are manufactured by Dow
Chemical Company, and Pluronic(R) R Series (such as 31RI1,
17R2, 10R5, and 25R4 (m up to 22 and n up to 23), T-Det
Series (A138), and Iconol (R) TDA Series (such as TDA-6,
TDA-9, and TDA-10), which are manufactured by BASF SE.
[0103] Examples of the anionic hydrocarbon surfactant

include Versatic(R) 10, available from Resolution



Performance Products, and Avanel S Series (such as S-70
and S-74), manufactured by BASF SE.

[0104] Examples of the hydrocarbon surfactant include an
anionic surfactant represented by R-L-M!, wherein R is a
linear or branched alkyl group optionally having a
substituent and having one or more carbon atoms or a
cyclic alkyl group optionally having a substituent and
having three or more carbon atoms and may contain a
monovalent or divalent heterocycle or may form a ring in
the case of having three or more carbon atoms, L is -
ArS0Os;, -SO3, —-S04—, -PO3, or -COO, Mb is H, a metal atom,
NR% (where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and -
ArS03 1is aryl sulfonate.

Specifically, examples thereof include an anionic
surfactant represented by CH3—(CHgn—L—Ml, wherein n is an
integer of 6 to 17, and L and M are as described above.

An anionic surfactant mixture wherein R is an alkyl
group having 12 to 16 carbon atoms, and L is sulfate or
sodium dodecyl sulfate (SDS) also can be used.

Examples of the hydrocarbon surfactant also include
an anionic surfactant represented by R® (-L-M'),, wherein
R® is a linear or branched alkylene group optionally

having a substituent and having one or more carbon atoms



or a cyclic alkylene group optionally having a
substituent and having three or more carbon atoms and may
contain a monovalent or divalent heterocycle or may form
a ring in the case of having three or more carbon atoms,
L is -ArSO;, -SOs, -SO4—, -PO3", or -COO’, M' is H, a
metal atom, NR% (where R’s may be the same as or
different from each other and are each H or an organic
group having 1 to 10 carbon atoms), an imidazolium
optionally having a substituent, a pyridinium optionally
having a substituent, or a phosphonium optionally having
a substituent, and -ArSO; is aryl sulfonate.

Examples of the hydrocarbon surfactant also include
an anionic surfactant represented by R’ (-L-M');, wherein
R’ is a linear or branched alkylidyne group optionally
having a substituent and having one or more carbon atoms
or a cyclic alkylidyne group optionally having a
substituent and having three or more carbon atoms and may
contain a monovalent or divalent heterocycle or may form
a ring in the case of having three or more carbon atoms,
L is -ArSO;, -SOs, -SO4—, -PO3", or —-COO’, M' is H, a
metal atom, NR% (where R’s may be the same as or
different from each other and are each H or an organic
group having 1 to 10 carbon atoms), an imidazolium
optionally having a substituent, a pyridinium optionally
having a substituent, or a phosphonium optionally having

a substituent, and -ArSO; is aryl sulfonate.



[0105] An example of the siloxane hydrocarbon surfactant
is described in Silicone Surfactants, R. M. Hill, Marcel
Dekker, Inc., ISBN:0-8247-00104. The structure of the
siloxane surfactant includes a clear hydrophobic part and
a hydrophilic part. The hydrophobic part contains one or
more dihydrocarbyl siloxane units, where the substituents
on the silicone atom are completely hydrocarbons.

These siloxane surfactants can be regarded as
hydrocarbon surfactants in the meaning that, when the
carbon atoms of the hydrocarbyl group can be substituted
with halogens such as fluorine, the carbon atoms are
completely substituted with hydrogen atoms, that is,
monovalent substituents on the carbon atoms of the
hydrocarbyl group are hydrogens.

[0106] The hydrophilic part of such a siloxane surfactant
may include one or more polar parts containing an ionic
group such as sulfate, sulfonate, phosphonate, phosphate
ester, carboxylate, carbonate, sulfosuccinate, taurate
(as a free acid, a salt, or an ester), phosphine oxide,
betaine, betaine copolyol, and quaternary ammonium salts.
The ionic hydrophobic part can contain an ionically
functionalized siloxane graft.

Examples of the siloxane surfactant include
polydimethylsiloxane-graft—- (meth)acrylates,
polydimethylsiloxane—-graft-polyacrylate salts, and

polydimethylsiloxane-grafted quaternary amines.



The polar parts in the hydrophilic part of the
siloxane surfactant can contain polyethers such as
polyethylene oxide (PEO) and a mixture of polyethylene
oxide and propylene oxide polyether (PEO/PPO);
monosaccharides and disaccharides; and a non-ionic group
formed by a water-soluble heterocycle such as
pyrrolidinone. The ratio of ethylene oxide to propylene
oxide (EO/PO) can be varied in the mixture of
polyethylene oxide and propylene oxide polyether.

[0107] The hydrophilic part of the siloxane surfactant
can include a combination of an ionic part and a nonionic
part. Examples of such a part include ionically end-
functionalized or randomly functionalized polyethers or
polyols. A siloxane having a nonionic part, that is, a
nonionic siloxane surfactant is preferable for
implementing the present invention.

[0108] The hydrophobic and hydrophilic parts in the
structure of the siloxane surfactant may be arranged in
the form of a diblock polymer (AB), a triblock polymer
(ABA) (where "B" represents a siloxane moiety in a
molecule), or a multi-block polymer. Alternatively, the
siloxane surfactant may contain a graft polymer.

[0109] The description of U.S. Patent No. 6,841,616 also
discloses a siloxane surfactant.

[0110] Examples of the siloxane-based anionic hydrocarbon
surfactant include Noveon(R), available from Lubrizol

Advanced Materials, Inc., and SilSense™PE-100 silicone



and SilSense™CA-1 silicone, which are available from
Consumer Specialties.
[0111] Examples of the anionic hydrocarbon surfactant
also include a sulfosuccinate surfactant, Lankropol (R)
K8300, available from Akzo Nobel Surface Chemistry LLC.
Examples of the sulfosuccinate hydrocarbon
surfactant include diisodecyl sodium sulfosuccinate (such
as Emulsogen (R) SB10, available from Clariant AG) and
diisotridecyl sodium sulfosuccinate (such as Polirol (R)
TR/LNA, available from Cesalpinia Chemicals SpA).
[0112] Examples of the hydrocarbon surfactant also
include PolyFox (R) surfactant (such as PolyFox "PF-156A
and PolyFox“@F—l36A), available from Omnova Solutions,
Inc.
[0113] Examples of the hydrocarbon surfactant also
include a surfactant represented by Formula (1) below

(which will be hereinafter referred to as surfactant

(1)) :

R4
R'—C—R?
R*—C—X-A

R5

wherein R' to R’ each represents H or a monovalent
substituent, where at least one of R! and R® represents a

group represented by formula: -Y-R®, and at least one of



R? and R’ represents a group represented by formula: —-X-A
or a group represented by formula: -Y-R®%; X is the same
or different at each occurrence and represents a divalent
linking group or a bond; A is the same or different at
each occurrence and represents —-COOM, -SO3M, or —-0SOsM
(where M is H, a metal atom, NRQ, an imidazolium
optionally having a substituent, a pyridinium optionally
having a substituent, or a phosphonium optionally having
a substituent, and R’ is H or an organic group); Y is the
same or different at each occurrence and represents a
bond or a divalent linking group selected from the group
consisting of -S(=0) ,-, -0-, -COO-, -0CO-, —CONR?—, and -
NR®cO-; R® represents H or an organic group; R® is the
same or different at each occurrence and represents an
alkyl group having two or more carbon atoms and
optionally containing at least one selected from the
group consisting of a carbonyl group, an ester group, an
amide group, and a sulfonyl group between carbon-carbon
atoms; and any two of R' to R® may be bonded together to
form a ring.

[0114] The surfactant (1) will be described.

[0115] In the formula, R' to R® each represents H or a
monovalent substituent, where at least one of R! and R°®
represents a group represented by formula: -Y-R®, and at
least one of R? and R’ represents a group represented by
formula: —-X-A or a group represented by formula: -Y-RC.

Any two of R' to R may be bonded together to form a ring.



[0116] The substituent optionally contained in the alkyl
group as R' is preferably a halogen atom, a linear or
branched alkyl group having 1 to 10 carbon atoms or a
cyclic alkyl group having 3 to 10 carbon atoms, or a
hydroxy group, particularly preferably a methyl group or
an ethyl group.

[0117] The alkyl group serving as R' is preferably free
from carbonyl groups.

In the alkyl group, 75% or less of hydrogen atoms
bonded to carbon atoms may be substituted with halogen
atoms, 50% or less thereof may be substituted with
halogen atoms, or 25% or less thereof may be substituted
with halogen atoms, but the alkyl group is preferably a
non—-halogenated alkyl group free from halogen atoms such
as fluorine atoms and chlorine atoms.

The alkyl group preferably does not contain any
substituents.

[0118] R' is preferably a linear or branched alkyl group
optionally having a substituent and having 1 to 10 carbon
atoms or a cyclic alkyl group optionally having a
substituent and having 3 to 10 carbon atoms, more
preferably a linear or branched alkyl group free from
carbonyl groups and having 1 to 10 carbon atoms or a
cyclic alkyl group free from carbonyl groups and having 3
to 10 carbon atoms, further preferably a linear or
branched alkyl group having no substituents and having 1

to 10 carbon atoms, furthermore preferably a linear or



branched alkyl group having no substituents and having 1
to 3 carbon atoms, particularly preferably a methyl group
(-CH3) or an ethyl group (—-CyHs), most preferably a methyl
group (—CHj) .

[0119] The monovalent substituent is preferably a group
represented by the formula: —Y—R@, a group represented by
the formula: -X-A, -H, a Ci_p9 alkyl group optionally
having a substituent, -NHj, —-NHR’ (where R% is an organic
group), -OH, -COOR’ (where R’ is an organic group), or -
OR’ (where R’ is an organic group). The number of carbon
atoms in the alkyl group is preferably 1 to 10.

[0120] R? is preferably a Ci-i9 alkyl group or a Ci_1g
alkylcarbonyl group, more preferably a Ci_4 alkyl group or
a Ci-4 alkylcarbonyl group.

[0121] In the formula, X is the same or different at each
occurrence and represents a divalent linking group or a
bond.

When R° does not contain any one of carbonyl groups,
ester groups, amide groups, and sulfonyl groups, X is
preferably a divalent linking group containing at least
one selected from the group consisting of carbonyl groups,
ester groups, amide groups, and sulfonyl groups.

[0122] X is preferably a divalent linking group
containing at least one bond selected from the group
consisting of -CO-, -S(=0);-, -0-, —-CO0O-, -0CO-, =S (=0),-
0-, -0-S(=0),-, —-CONR®’-, and -NR®°CO-, a Ci.1p alkylene

group, or a bond. R® represents H or an organic group.



[0123] R® is preferably H or a Ci_1¢9 organic group, more
preferably H or a C;_4 organic group, further preferably H.
[0124] In the formula, A is the same or different at each
occurrence and represents -COOM, -SOs3M, or -0SOsM (where
M is H, a metal atom, NRQ, an imidazolium optionally
having a substituent, a pyridinium optionally having a
substituent, or a phosphonium optionally having a
substituent, R’'s are each H or an organic group, and four
R’s may be the same as or different from each other).
[0125] R’ is preferably H or a Ci_19 organic group, more
preferably H or a C;_4 organic group.

Examples of the metal atom include monovalent or
divalent metal atoms such as alkali metals (Group 1) and
alkaline earth metals (Group 2), and the metal atom is
preferably Na, K, or Li.

[0126] M is preferably H, a metal atom, or NRU, more
preferably H, an alkali metal (Group 1), an alkaline
earth metal (Group 2), or NR’,, further preferably H, Na,
K, Li, or NHy, furthermore preferably Na, K, or NHg,
particularly preferably Na or NH,;, most preferably NH,.
[0127] In the formula, Y is the same or different at each
occurrence and represents a divalent linking group
selected from the group consisting of -S(=0),-, -0-, -
CO0-, -0CO-, —-CONR®-, and -NR®CO-, or a bond, and R®
represents H or an organic group.

[0128] Y is preferably a bond or a divalent linking group

selected from the group consisting of -0-, -COO-, -0CO-,



—CONR?—, and —NR?CO—, more preferably a bond or a

divalent linking group selected from the group consisting
of -COO- and -0CO-.

[0129] R® is preferably H or a Ci.1op organic group, more
preferably H or a C;_4 organic group, further preferably H.
[0130] In the formula, R® is the same or different at
each occurrence and represents an alkyl group having two
or more carbon atoms and optionally containing at least
one selected from the group consisting of a carbonyl
group, an ester group, an amide group, and a sulfonyl
group between carbon-carbon atoms. The number of carbon
atoms in the organic group in R° is preferably 2 to 20,
more preferably 2 to 10.

[0131] The alkyl group in R® can contain one or two or
more of at least one group selected from the group
consisting of a carbonyl group, an ester group, an amide
group, and a sulfonyl group between carbon—-carbon atoms
but does not contain such a group at the ends of the
alkyl group. In the alkyl group in R®, 75% or less of
hydrogen atoms bonded to carbon atoms may be substituted
with halogen atoms, 50% or less thereof may be
substituted with halogen atoms, or 25% or less thereof
may be substituted with halogen atoms, but the alkyl
group 1is preferably a non-halogenated alkyl group free
from halogen atoms such as fluorine atoms and chlorine
atoms.

[0132] R® is preferably



a group represented by the formula: -R'°-CO-R',

a group represented by the formula: ~-R'°-coo-r",

a group represented by the formula: -R',

a group represented by the formula: -R'-NR®cO-R', or

a group represented by the formula: -R'°>-CONR®-R'!,
wherein R® represents H or an organic group, R1
represents an alkylene group, and R represents an alkyl
group optionally having a substituent.

R® is more preferably a group represented by the
formula: -R'-CO-R'.
[0133] R® is preferably H or a Ci.1o organic group, more
preferably H or a C;_4 organic group, further preferably H.
[0134] The number of carbon atoms in the alkylene group
in RY is preferably one or more, more preferably three
or more, and is preferably 20 or less, more preferably 12
or less, further preferably 10 or less, particularly
preferably 8 or less. Further, the number of carbon
atoms in the alkylene group in R is preferably 1 to 20,
more preferably 1 to 10, further preferably 3 to 10.
[0135] The number of carbon atoms in the alkyl group in
R may be 1 to 20 and is preferably 1 to 15, more
preferably 1 to 12, further preferably 1 to 10,
furthermore preferably 1 to 8, especially preferably 1 to
6, still furthermore preferably 1 to 3, particularly
preferably 1 or 2, most preferably 1. Further, the alkyl
group in R'! preferably consists only of primary carbons,

secondary carbons, and tertiary carbons, particularly



preferably consists only of primary carbons and secondary
carbons. That is, R'!' is preferably a methyl group, an
ethyl group, a n-propyl group, Or an isopropyl group,

most preferably a methyl group.

[0136] The surfactant (1) is preferably a compound
represented by Formula (1-1), a compound represented by
Formula (1-2), or a compound represented by Formula (1-3),
more preferably a compound represented by Formula (1-1)

or a compound represented by Formula (1-2).

[0137] Formula (1-1):

R4

6 ~
RE—Yy—C—Xx-A
RS —C—X-A

R5

wherein R® to R6, X, A, and Y are defined as
mentioned above.

[0138] Formula (1-2):

R4
6 ~
RE—yY—C—x-A
R*—Y—C—X-A
R5

wherein R*? to R®, X, A, and Y are defined as

mentioned above.



[0139] Formula (1-3):

R4
RC—y—C—R?
R—Y—C—X-A

R5

wherein R2, R? to R6, X, A, and Y are defined as
mentioned above.
[0140] The group represented by the formula: -X-A is
preferably
—-COO0M,
—-R'?Co0M,
~S03M,
-0S03M,
-R'2503M,
-R'?0503M,
-0Cco-RY?-cooM,
-0CO-R*-505M,
—0CO-R'?-08505M
-CO0-R*-CO0M,
—C00-R'?-303M,
-COO0-R**-0503M,
~CONR®-R'?-co0M,
—CONR®-R*-505M,
~CONR®-R'?-0503M,

-NR®co-R*?-Cco0M,



-NR®*CO-R'*-S03M,
-NR®CO-R'?-0503M,

-0S (=0) ,~R**-COO0M,
-0S (=0) ,-R'-3505M, or
-0S (=0) ,~R™*-0S03M

wherein R? and M are defined as mentioned above, and
R is a Ci.19 alkylene group.

In the alkylene group in Ru, 75% or less of hydrogen
atoms bonded to carbon atoms may be substituted with
halogen atoms, 50% or less thereof may be substituted
with halogen atoms, or 25% or less thereof may be
substituted with halogen atoms, but the alkyl group is
preferably a non—-halogenated alkylene group free from
halogen atoms such as fluorine atoms and chlorine atoms.
[0141] The group represented by the formula: -Y-R® is
preferably

a group represented by the formula: -R'°-CO-R',

a group represented by the formula: —OCO—Rw—CO—RH,

a group represented by the formula: -CO0-R*’~-co-R*,

a group represented by the formula: —OCO—Rw—COO—RH,

a group represented by a group represented by the
formula: —COO—RM,

a group represented by the formula: -NR®co-R'’-co-R*?,
or

a group represented by the formula: ~CONR®-R'*-NR®CO-
R,

wherein R°, R!°, and R'! are defined as mentioned above.



[0142] In the formula, R® and R’ are preferably each
independently H or a Ci—4 alkyl group.

In the alkyl group in R® and R>, 75% or less of
hydrogen atoms bonded to carbon atoms may be substituted
with halogen atoms, 50% or less thereof may be
substituted with halogen atoms, or 25% or less thereof
may be substituted with halogen atoms, but the alkyl
group 1s preferably a non-halogenated alkyl group free
from halogen atoms such as fluorine atoms and chlorine
atoms.

[0143] R’ in Formula (1-1) is preferably H or a Ci5o alkyl
group optionally having a substituent, more preferably H
or a Ci_p9 alkyl group having no substituents, further
preferably H.

In the alkyl group in R3, 75% or less of hydrogen
atoms bonded to carbon atoms may be substituted with
halogen atoms, 50% or less thereof may be substituted
with halogen atoms, or 25% or less thereof may be
substituted with halogen atoms, but the alkyl group is
preferably a non—-halogenated alkyl group free from
halogen atoms such as fluorine atoms and chlorine atoms.
[0144] R® in Formula (1-3) is preferably H, OH, or a Ci_s
alkyl group optionally having a substituent, more
preferably H, OH, or a Ciy alkyl group having no
substituents, further preferably H or OH.

In the alkyl group in R*, 75% or less of hydrogen

atoms bonded to carbon atoms may be substituted with



halogen atoms, 50% or less thereof may be substituted
with halogen atoms, or 25% or less thereof may be
substituted with halogen atoms, but the alkyl group is
preferably a non-halogenated alkyl group free from
halogen atoms such as fluorine atoms and chlorine atoms.
[0145] The surfactant (1) can be suitably produced by a
production method including: step (11l) of obtaining a
carboxylic acid halide represented by the formula:
R°-COZ

wherein R® is defined as mentioned above, and Z is a
halogen atom, by reacting a carboxylic acid represented
by the formula:
R°-COOH

wherein R® is defined as mentioned above, with a
halogenating agent; and step (12) of obtaining a compound

(12) represented by the formula:

0 R*
R6—Q—Z”—C—X—A
R*—C—X-A

R5

wherein R® to R6, X, A, and z'' are defined as
mentioned above, by reacting the carboxylic acid halide

with a compound represented by the formula:



Hz''—C—X-A

RE—C—X-A

5

R

wherein R® to R°, X, and A are defined as mentioned
above, and z' is -CH,0-, -0-, or -NH-.
[0146] R® in the formula of the acid compound is
preferably -H or a group represented by the formula: -
z''H, wherein 7' is defined as mentioned above. When R®
is a group represented by the formula: -2z''H, this group
reacts with the carboxylic acid halide in step (12),
thereby generating a group represented by the formula: -
ZM—CO—R6, wherein R® and 7!'' are defined as mentioned
above.
[0147] Examples of the halogenating agent to be used in
step (11) include oxalyl chloride, thionyl chloride,
diethylaminosulfur trifluoride (DAST), Deoxo-Fluor
(deoxyfluoro), and 1,1,2,2-tetrafluoro-N,N-
dimethylethylamine (TFEDMA) .
[0148] Z is preferably F or Cl, more preferably Cl.
[0149] For a reaction ratio of the carboxylic acid with
the halogenating agent in step (11), the amount of the
halogenating agent is preferably 0.6 to 5.0 mol, more
preferably 0.8 to 2.0 mol, relative to 1 mol of the

carboxylic acid, in consideration of yield improvement



and waste reduction. Further, the amount is preferably
0.5 to 10 mol, more preferably 0.6 to 5.0 mol.

[0150] The reaction in step (11) can be performed in a
solvent. Examples of the solvent include esters, ketones,
aromatic hydrocarbons, ethers, nitrogen-containing polar
organic compounds, halogenated hydrocarbons, nitriles,
pyridines, or mixtures thereof.

[0151] Examples of the esters include ethyl acetate,
butyl acetate, ethylene glycol monomethyl ether acetate,
and propylene glycol monomethyl ether acetate (PGMEA,
also known as l-methoxy —-2-acetoxypropane). Among these,
ethyl acetate is preferable.

[0152] Examples of the ketones include acetone, methyl
ethyl ketone, methyl isobutyl ketone, cyclohexanone, and
diacetone alcohol. Among these, acetone is preferable.
[0153] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0154] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0155] Examples of the nitrogen-containing polar organic
compounds include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,

and 1, 3-dimethyl-2-imidazolidinone. Among these, N,N-



dimethylformamide, N,N-dimethylacetamide, and N-methyl-2-
pyrrolidone are preferable.

[0156] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0157] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0158] The reaction temperature in step (11) is
preferably 0 to 150°C, more preferably 20 to 100°C.
Further, the reaction temperature is preferably -78 to
150°C, more preferably 0 to 100°C.

[0159] The reaction pressure in step (11) is preferably O
to 5 MPa, more preferably 0.1 to 1.0 MPa.

[0160] The reaction time in step (11) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0161] For a reaction ratio of the carboxylic acid halide
with the acid compound in step (12), the amount of the
acid compound is preferably 0.5 to 10 mol, more
preferably 0.6 to 5.0 mol, further preferably 0.8 to 2.0
mol, relative to 1 mol of the carboxylic acid halide, in
consideration of yield improvement and waste reduction.
[0162] The reaction in step (12) is preferably carried
out in the presence of an acid. Examples of the acid

include sulfuric acid, methanesulfonic acid, and p-



toluenesulfonic acid. Among these, sulfuric acid is
preferable.

[0163] The amount of the acid used in step (12) 1is
preferably 0.00001 to 1.0 mol, more preferably 0.0001 to
1.0 mol, further preferably 0.00005 to 0.1 mol,
particularly preferably 0.001 to 0.1 mol, relative to 1
mol of the carboxylic acid halide, in consideration of
yield improvement and waste reduction.

[0164] The reaction temperature in step (12) is
preferably 0 to 150°C, more preferably 20 to 100°C.
[0165] The reaction pressure in step (12) 1is preferably O
to 5 MPa, more preferably 0.1 to 1.0 MPa.

[0166] The reaction time in step (12) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0167] The surfactant (1) can be suitably produced also
by a production method including: step (21) of obtaining

a compound (21) represented by the formula:

R4

R'—C—R’

R —C—7""—Cc——(CH),—COOM

5

R )

wherein R' to R°, Z'', M, and n are defined as
mentioned above, by reacting a compound (20) represented

by the formula:



R4
R'—C—R®
R*—cC—=2'"H

R5

wherein R' to R® are defined as mentioned above, 2%
is -CH,O0-, -0-, or -NH-, with an acid anhydride

represented by the formula:

0
_ C/ No—

((:F12)n

0] 0

wherein n is an integer of 1 to 5.
[0168] R?’ in the formula of the compound (20) is
preferably —-H or a group represented by the formula: -
ZMH, wherein 7' is defined as mentioned above. When R’
is a group represented by the formula: -2z''H, this group
reacts with the acid anhydride in step (21), thereby
generating a group represented by the formula: -zt -co-
(CH,) ,—COOM, wherein 7z'', M, and n are defined as
mentioned above. The compound (20) may be hydrochloride,
sulfate, or the like as long as it has a structure
represented by the formula.
[0169] For a reaction ratio of the compound (20) with the
acid anhydride in step (21), the amount of the acid

anhydride is preferably 0.5 to 10 mol, more preferably



0.6 to 5.0 mol, further preferably 1.2 to 10 mol,
particularly preferably 1.6 to 4.0 mol, relative to 1 mol
of the compound (20), in consideration of yield
improvement and waste reduction.

[0170] The reaction in step (21) can be performed in the
presence of a base.

[0171] Examples of the base include amines, potassium
hydroxides, sodium hydroxides, and potassium carbonates.
[0172] Examples of the amines include tertiary amines
such as trimethylamine, triethylamine, tributylamine,

N, N-dimethylaniline, dimethylbenzylamine, and N,N,N',N'-
tetramethyl-1, 8—naphthalene diamine, complex aromatic
amines such as pyridine, pyrrole, uracil, collidine, and
lutidine, and cyclic amines such as 1,8-diaza-
bicyclo[5.4.0]-7-undecene and 1,5-diaza-bicyclo[4.3.0]-5-
nonene. Among these, pyridine or triethylamine is
preferable.

[0173] The reaction temperature in step (21) is
preferably 0 to 150°C, more preferably 20 to 80°C.
Further, the reaction temperature is preferably -78 to
150°C, more preferably 0 to 100°C.

[0174] The reaction pressure in step (21) is preferably 0
to 5 MPa, more preferably 0.1 to 1 MPa.

[0175] The reaction time in step (21) is preferably 0.1

to 72 hours, more preferably 0.1 to 48 hours.



[0176] The surfactant (1) can be suitably produced also
by a production method including: step (31) of obtaining

a compound (31) represented by the formula:

R®E o R*
.l
R—N—C—C—oOH
R® T ﬁ C—OH
RB 0 R°

wherein R* to R® and R® are defined as mentioned
above, by reacting a tartaric acid ester represented by

the formula:

CoHs @)

CoHs 0]

o —{@] O=—0

wherein R* and R’ are defined as mentioned above,
with an amine represented by the formula:
R°R®-NH

wherein R® and R® are defined as mentioned above; and

step (32) of obtaining a compound (32) represented by the

formula:



RE o R*
s
RS —N—C—C—0S03M
RO T lcl, C—0SO03M
RE 0 R°

wherein R* to R@, R8, and M are defined as mentioned
above, by reacting the compound (31) with a

chlorosulfonic acid represented by the formula:

o\S P
o oM

wherein M is defined as mentioned above.
[0177] For a reaction ratio of the tartaric acid ester
with the amine in step (31), the amount of the amine is
preferably 0.5 to 10 mol, more preferably 0.6 to 5.0 mol,
further preferably 1.2 to 5 mol, particularly preferably
1.6 to 5.0 mol, relative to 1 mol of the tartaric acid
ester, in consideration of yield improvement and waste
reduction.
[0178] The reaction in step (31) can be performed in a
solvent. The solvent is preferably an organic solvent,
further preferably an alcohol, an ether, a halogenated
hydrocarbon, a nitrogen-containing polar organic compound,
or a nitrile.
[0179] Examples of the alcohol include methanol, ethanol,

l-propanol, and isopropanol.



[0180] Examples of the ether include tetrahydrofuran,
dioxane, and diethylene glycol diethyl ether.

[0181] Examples of the halogenated hydrocarbon include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene.

[0182] Examples of the nitrogen-containing polar organic
compound include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,
and 1, 3-dimethyl-2-imidazolidinone. Among these, N,N-
dimethylformamide, N,N-dimethylacetamide, and N-methyl-2-
pyrrolidone are preferable.

[0183] Examples of the nitrile include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile.

[0184] The reaction temperature in step (31) is
preferably 0 to 150°C, more preferably 20 to 100°C.

[0185] The reaction pressure in step (31) is preferably 0
to 5 MPa, more preferably 0.1 to 1 MPa.

[0186] The reaction time in step (31) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0187] For a reaction ratio of the compound (31) with the
chlorosulfonic acid in step (32), the amount of the
chlorosulfonic acid is preferably 1.0 to 50 mol, more
preferably 1.6 to 20 mol, relative to 1 mol of the
compound (31), in consideration of yield improvement and

waste reduction.



[0188] The reaction in step (32) is preferably carried
out in the presence of a base. Examples of the base
include alkali metal hydroxides, alkaline earth metal
hydroxides, and amines. Among these, amines are
preferable.

[0189] Examples of the amines in step (32) include
tertiary amines such as trimethylamine, triethylamine,
tributylamine, N,N-dimethylaniline, dimethylbenzylamine,
and N,N,N',N'-tetramethyl-1,8-naphthalene diamine,
complex aromatic amines such as pyridine, pyrrole, uracil,
collidine, and lutidine, and cyclic amines such as 1,8-
diaza-bicyclo[5.4.0]-7-undecene and 1,5-diaza-
bicyclo[4.3.0]-5-nonene. Among these, triethylamine is
preferable.

[0190] The amount of the base used in step (32) is
preferably 0.1 to 50 mol, more preferably 1.0 to 20 mol,
relative to 1 mol of the compound (31), in consideration
of yield improvement and waste reduction.

[0191] The reaction in step (32) can be performed in a
solvent. The solvent is preferably an organic solvent,
more preferably a polar aprotic solvent, further
preferably a nitrile, a halogenated hydrocarbon, a
dimethylsulfoxide, a sulfolane, a nitrogen-containing
polar organic compound, or an ether.

[0192] Examples of the nitrile include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and

benzonitrile. Among these, acetonitrile is preferable.



[0193] Examples of the halogenated hydrocarbon include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0194] Examples of the nitrogen-containing polar organic
compound include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,
and 1,3-dimethyl-2-imidazolidinone. Among these, N,N-
dimethylformamide, N,N-dimethylacetamide, and N-methyl-2-
pyrrolidone are preferable.

[0195] Examples of the ether include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether is preferable.

[0196] The reaction temperature in step (32) is
preferably -78 to 150°C, more preferably -78 to 100°C,
further preferably -20 to 100°C, particularly preferably
10 to 50°C.

[0197] The reaction pressure in step (32) is preferably 0
to 5 MPa, more preferably 0.1 to 1.0 Pa.

[0198] The reaction time in step (32) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0199] The surfactant (1) can be suitably produced also
by a production method including: step (41) of obtaining

a compound (41) represented by the formula:



R4

1

R

O—S0s—(CH9),—S03M
O

SO;—(CH2),—S0O3M

C
3
R C
5
R
wherein R', R® to R°, M, and n are defined as

mentioned above, by reacting an alcohol represented by

the formula:

R4
R'—C—OH
R*—C—o0OH

R5

wherein R' and R® to R’ are defined as mentioned

above, with an acid anhydride represented by the formula:

0]
S/ >SOQ
(()HZ)n

02

wherein n is an integer of 1 to 5.
[0200] For a reaction ratio of the alcohol with the acid
anhydride in step (41), the amount of the acid anhydride
is preferably 0.5 to 10 mol, more preferably 0.6 to 4.0
mol, further preferably 1.2 to 4.0 mol, particularly

preferably 1.6 to 4.0 mol, relative to 1 mol of the



alcohol, in consideration of yield improvement and waste
reduction.

[0201] The reaction in step (41) can be performed in the
presence of a base.

[0202] Examples of the base include amines, potassium
hydroxides, sodium hydroxides, and potassium carbonates.
[0203] Examples of the amines include tertiary amines
such as trimethylamine, triethylamine, tributylamine,

N, N-dimethylaniline, dimethylbenzylamine, and N,N,N',N'-
tetramethyl-1, 8—naphthalene diamine, complex aromatic
amines such as pyridine, pyrrole, uracil, collidine, and
lutidine, and cyclic amines such as 1,8-diaza-
bicyclo[5.4.0]-7-undecene and 1,5-diaza-bicyclo[4.3.0]-5-
nonene. Among these, pyridine or triethylamine is
preferable.

[0204] The reaction temperature in step (41) is
preferably -78 to 150°C, more preferably 0 to 150°C,
further preferably 0 to 100°C, particularly preferably 20
to 80°C.

[0205] The reaction pressure in step (41) is preferably 0
to 5 MPa, more preferably 0.1 to 1 MPa.

[0206] The reaction time in step (41l) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0207] The surfactant (1) can be suitably produced also
by a production method including: step (31) of obtaining

the compound (31) represented by the formula:



R o R*
. |
RS —N—C—C—oOH
RO Tl lcl, C—OH
R®E 0 R

wherein R? to R® and R® are defined as mentioned

above, by reacting a tartaric acid ester represented by

the formula:

@)
A
'

CoHs @) C—OH

CoHs5 OH

@)
o=0 O
O

wherein R* and R’ are defined as mentioned above,
with an amine represented by the formula:
R°R®-NH

wherein R® and R® are defined as mentioned above; and

step (51) of obtaining a compound (51) represented by the

formula:
R® o R 0
s | |
RS —N—C—C—0—C——(CH,),—COOM
RO—N—C—C—0—C——(CH,),—COOM
s |
R O R o)



wherein R* to R6, R8, M, and n are defined as

mentioned above, by reacting the compound (31) with an

acid anhydride represented by the formula:

0
—c/ =0

(CHZ)n

0]

wherein n is an integer of 1 to 5.
[0208] For a reaction ratio of the compound (31) with the
acid anhydride in step (51), the amount of the acid
anhydride is preferably 0.5 to 10 mol, more preferably
0.6 to 4.0 mol, further preferably 1.2 to 4.0 mol,
particularly preferably 1.6 to 4.0 mol, relative to 1 mol
of the compound (31), in consideration of yield
improvement and waste reduction.
[0209] The reaction in step (51) can be performed in the
presence of a base.
[0210] Examples of the base include amines, potassium
hydroxides, sodium hydroxides, and potassium carbonates.
[0211] Examples of the amines include tertiary amines
such as trimethylamine, triethylamine, tributylamine,
N, N-dimethylaniline, dimethylbenzylamine, and N,N,N',6N'-
tetramethyl-1, 8—-naphthalene diamine, complex aromatic
amines such as pyridine, pyrrole, uracil, collidine, and
lutidine, and cyclic amines such as 1,8-diaza-

bicyclo[5.4.0]-7-undecene and 1,5-diaza-bicyclo[4.3.0]-5-



nonene. Among these, pyridine or triethylamine is
preferable.

[0212] The reaction temperature in step (51) is
preferably -78 to 150°C, more preferably 0 to 150°C,
further preferably 0 to 100°C, particularly preferably 20
to 80°C.

[0213] The reaction pressure in step (51) 1is preferably O
to 5 MPa, more preferably 0.1 to 1 MPa.

[0214] The reaction time in step (51) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0215] The surfactant (1) can be suitably produced also
by a production method including: step (61) of obtaining

a compound (61) represented by the formula:

0

6 |

R°—0—C—CH

6 |

RS—o0 ﬁ CH
0

wherein R® is defined as mentioned above, by
reacting an alcohol represented by the formula:
R°-OH

wherein R® is defined as mentioned above, with a
fumarate halide; and step (62) of obtaining a compound

(62) represented by the formula:
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wherein R® and X are defined as mentioned above, by
reacting the compound (61) with a sulfonating agent such
as sodium bisulfite.
[0216] Examples of the fumarate halide to be used in step
(61) include fumaryl chloride, fumaryl fluoride, and
fumaryl bromide.
[0217] For a reaction ratio of the alcohol with the
fumarate halide in step (61), the amount of the fumarate
halide is preferably 0.1 to 10 mol, more preferably 0.1
to 2.0 mol, further preferably 0.1 to 2.0 mol,
particularly preferably 0.2 to 0.7 mol, relative to 1 mol
of the alcohol, in consideration of yield improvement and
waste reduction.
[0218] The reaction in step (61) can be performed in a
solvent. Examples of the solvent include esters, ketones,
aromatic hydrocarbons, ethers, nitrogen-containing polar
organic compounds, halogenated hydrocarbons, nitriles,
pyridines, or mixtures thereof.
[0219] Examples of the esters include ethyl acetate,
butyl acetate, ethylene glycol monomethyl ether acetate,

and propylene glycol monomethyl ether acetate (PGMEA,



also known as l-methoxy —-2-acetoxypropane). Among these,
ethyl acetate is preferable.

[0220] Examples of the ketones include acetone, methyl
ethyl ketone, methyl isobutyl ketone, cyclohexanone, and
diacetone alcohol. Among these, acetone is preferable.
[0221] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0222] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0223] Examples of the nitrogen-containing polar organic
compounds include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,
and 1, 3-dimethyl-2-imidazolidinone. Among these, N,N-
dimethylformamide, N,N-dimethylacetamide, and N-methyl-2-
pyrrolidone are preferable.

[0224] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0225] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0226] The reaction temperature in step (61) is

preferably -78 to 200°C, more preferably -20 to 150°C.



[0227] The reaction pressure in step (61) is preferably 0
to 5.0 MPa, more preferably 0.1 to 1.0 MPa.

[0228] The reaction time in step (61) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0229] In step (62), the compound (62) is generated by an
addition reaction of the compound (61) having a double
bond with the sulfonating agent such as sodium bisulfite.
[0230] For a reaction ratio of the compound (61) with the
sulfonating agent in step (62), the amount of the
sulfonating agent is preferably 0.5 to 20.0 mol, more
preferably 0.6 to 10.0 mol, further preferably 0.8 to
10.0 mol, particularly preferably 1.2 to 10.0 mol,
relative to 1 mol of the compound (61), in consideration
of yield improvement and waste reduction.

[0231] The step (62) can be performed in a solvent. The
solvent is preferably a water-soluble solvent, and
examples thereof include water, alcohols, ethers, and
nitriles.

[0232] Examples of the alcohol include methanol, ethanol,
l-propanol, and isopropanol.

[0233] Examples of the ether include tetrahydrofuran,
dioxane, and diethylene glycol diethyl ether.

[0234] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0235] The reaction temperature in step (62) is

preferably -78 to 200°C, more preferably -20 to 150°C.



[0236] The reaction pressure in step (62) is preferably 0
to 5.0 MPa, more preferably 0.1 to 1.0 MPa.

[0237] The reaction time in step (62) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0238] The surfactant (1) can be suitably produced also
by a production method including: step (71) of obtaining

a compound (71) represented by the formula:
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wherein Rw, RM, and Y are defined as mentioned
above, A% is —OH or -0S0s3M, and M is defined as
mentioned above, by sulfate esterification of a compound

(70) represented by the formula:

O
RH R10 CH
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wherein R', R', and Y are defined as mentioned

above.



[0239] The sulfate esterification in step (71) can be
performed by reacting the compound (70) with a sulfating
reagent. Examples of the sulfating reagent include
sulfur trioxide amine complexes such as sulfur trioxide
pyridine complex, sulfur trioxide trimethylamine complex,
and sulfur trioxide triethylamine complex, sulfur
trioxide amide complexes such as sulfur trioxide
dimethylformamide complex, sulfuric acid-
dicyclohexylcarbodiimide, chlorosulfuric acid,
concentrated sulfuric acid, and sulfamic acid. The
amount of the sulfating reagent used is preferably 0.5 to
10 mol, more preferably 0.5 to 5 mol, further preferably
0.7 to 4 mol, relative to 1 mol of the compound (70).
Adjusting the amount of the sulfating reagent used causes
sulfate esterification of one or both of the two -OH
groups contained in the compound (20).

[0240] The sulfate esterification in step (71) can be
performed in a solvent. The solvent is preferably an
organic solvent, and examples thereof include ethers,
halogenated hydrocarbons, aromatic hydrocarbons,
pyridines, dimethylsulfoxides, sulfolanes, and nitriles.
[0241] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0242] Examples of the halogenated hydrocarbons include

dichloromethane, dichloroethane, chloroform,



chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0243] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0244] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0245] The sulfate esterification temperature in step
(71) is preferably -78 to 200°C, more preferably -20 to
150°C.

[0246] The sulfate esterification pressure in step (71)
is preferably 0 to 10 MPa, more preferably 0.1 to 5 MPa.
[02477] The sulfate esterification time in step (71) is
preferably 0.1 to 72 hours, more preferably 0.1 to 48
hours.

[0248] The compound (70) can be produced also by a
production method including: step (101) of obtaining a

compound (101) represented by the formula:
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wherein Rw, Rum, and Y are defined as mentioned

above, by hydroxylating a compound (100) represented by

the formula:

R100

\/\Rm ~cH

10

R0 SN N

wherein R'® and Y are defined as mentioned above, and
R is an alkyl group; and step (102) of obtaining the
compound (70) by oxidizing the compound (101).
[0249] The alkyl group serving as R'%? forms R' above in
the form of RwO—CHfm
[0250] The hydroxylation in step (101) can be performed,
for example, by a method (1) of allowing iron (II)
phthalocyanine (Fe(Pc)) and sodium borohydride to act on
the compound (100) in an oxygen atmosphere, or a method
(2) of allowing isopinocampheylborane (IpcBH;) to act on
the compound (100), followed by oxidizing an intermediate
(dialkylborane) to be obtained.
[0251] In the method (1), the iron (II) phthalocyanine
can be used in an amount equal to that of catalyst, such
as an amount of 0.001 to 1.2 mol, relative to 1 mol of
the compound (100).
[0252] In the method (1), sodium borohydride can be used
in an amount of 0.5 to 20 mol, relative to 1 mol of the

compound (100) .
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[0253] The reaction in the method (1) can be performed in
a solvent. The solvent is preferably an organic solvent,
and examples thereof include ethers, halogenated
hydrocarbons, aromatic hydrocarbons, nitriles, and
nitrogen-containing polar organic compounds.

[0254] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0255] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0256] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0257] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0258] Examples of the nitrogen-containing polar organic
compounds include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,
and 1, 3-dimethyl-2-imidazolidinone. Among these, N,N-
dimethylformamide, N,N-dimethylacetamide, and N-methyl-2-
pyrrolidone are preferable.

[0259] The reaction temperature in the method (1) is

preferably -78 to 200°C, more preferably 0 to 150°C.
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[0260] The reaction pressure in the method (1) is
preferably 0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.
[0261] The reaction time in the method (1) is preferably
0.1 to 72 hours, more preferably 0.1 to 48 hours.

[0262] In the method (2), isopinocampheylborane can be
used in an amount of 0.1 to 10.0 mol, relative to 1 mol
of the compound (100).

[0263] The reaction of the compound (100) with
isopinocampheylborane can be performed in a solvent. The
solvent is preferably an organic solvent, and examples
thereof include ethers, halogenated hydrocarbons, and
aromatic hydrocarbons.

[0264] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0265] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0266] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0267] The reaction temperature of the compound (100)
with isopinocampheylborane is preferably -78 to 200°C,

more preferably 0 to 150°C.
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[0268] The reaction pressure of the compound (100) with
isopinocampheylborane is preferably 0 to 5.0 MPa, more
preferably 0.1 to 1.0 MPa.

[0269] The reaction time of the compound (100) with
isopinocampheylborane is preferably 0.1 to 72 hours, more
preferably 0.1 to 48 hours.

[0270] The oxidation in the method (2) can be performed
by allowing an oxidant to act on the intermediate.
Examples of the oxidant include hydrogen peroxide. The
oxidant can be used in an amount of 0.7 to 10 mol
relative to 1 mol of the intermediate.

[0271] The oxidation in the method (2) can be performed
in a solvent. Examples of the solvent include water,
methanol, and ethanol. Among these, water is preferable.
[0272] The oxidation temperature in the method (2) is
preferably -78 to 150°C, more preferably 0 to 100°C,
further preferably 10 to 80°C.

[0273] The oxidation pressure in the method (2) is
preferably 0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.
[0274] The oxidation time in the method (2) is preferably
0.1 to 72 hours, more preferably 0.1 to 48 hours.

[0275] Examples of the method for oxidizing the compound
(101) in step (102) include a method (a) of using Jones
reagent (Cr0O3/H;S04) (Jones oxidation), a method (b) of
using Dess—-Martin Periodinane (DMP) (Dess-Martin
oxidation), a method (c) of using pyridinium

chlorochromate (PCC), a method (d) of allowing a bleach
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(about 5 to 6% NaOCl aqueous solution) to act in the
presence of a nickel compound such as NiCl,, and a method
(e) of allowing a hydrogen receptor such as an aldehyde
and a ketone to act in the presence of an aluminum
catalyst such as Al (CHj3); and A1[OCH (CHj3),]13 (Oppenauer
oxidation).

[0276] The oxidation in step (102) can be performed in a
solvent. As the solvent, water and an organic solvent
are preferable, and examples thereof include water,
ketones, ethers, halogenated hydrocarbons, aromatic
hydrocarbons, and nitriles.

[0277] Examples of the ketones include acetone, methyl
ethyl ketone, methyl isobutyl ketone, cyclohexanone, and
diacetone alcohol. Among these, acetone is preferable.
[0278] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0279] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0280] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and

toluene are preferable.
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[0281] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0282] The oxidation temperature in step (102) is
preferably -78 to 200°C and can be appropriately selected
corresponding to the method employed.

[0283] The oxidation pressure in step (102) is preferably
0 to 5.0 MPa and can be appropriately selected
corresponding to the method employed.

[0284] The oxidation time in step (102) is preferably 0.1
to 72 hours and can be appropriately selected
corresponding to the method employed.

[0285] The compound (70) can be produced also by a
production method including: step (201) of obtaining the
compound (70) by ozonolysis of a compound (200)

represented by the formula:

CR1012
R R ClH
11 10
R R CH
\Y/ \OH
101

wherein Rw, RM, and Y are defined as mentioned

101

above, and R is an organic group.
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[0286] R'%'s are each preferably an alkyl group having 1

101g may be the same as or

to 20 carbon atoms. Four R
different from each other.
[0287] The ozonolysis in step (201) can be performed by
allowing ozone to act on the compound (200), followed by
post—-treatment with a reductant.

[0288] The ozone can be generated by silent discharge in
oxygen gas.

[0289] Examples of the reductant to be used for the post-
treatment include zinc, dimethyl sulfide, thiourea,
phosphines. Among these, phosphines are preferable.
[0290] The ozonolysis in step (201) can be performed in a
solvent. The solvent is preferably water or an organic
solvent. Examples thereof include water, alcohols,
carboxylic acids, ethers, halogenated hydrocarbons, and
aromatic hydrocarbons.

[0291]Examples of the alcohols include methanol, ethanol,
l-propanol, and isopropanol. Among these, methanol and
ethanol are preferable.

[0292] Examples of the carboxylic acids include acetic
acid and propionic acid. Among these, acetic acid is
preferable.

[0293] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran

are preferable.
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[0294] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0295] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0296] The ozonolysis temperature in step (201) is
preferably -78 to 200°C, more preferably 0 to 150°C.
[0297] The ozonolysis pressure in step (201) is
preferably 0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.
[0298] The ozonolysis time in step (201) is preferably
0.1 to 72 hours, more preferably 0.1 to 48 hours.

[0299] The compound (70) can be produced also by a
production method including: step (301) of obtaining a

compound (301) represented by the formula:

100 O\
RY CcH
/
R‘°°/>CH >~y SoH

0

wherein R, R!Y, and Y are defined as mentioned
above, by epoxidizing a compound (300) represented by the

formula:
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wherein R'® and Y are defined as mentioned above, and
R is an alkyl group; step (302) of obtaining a compound

(302) represented by the formula:

OH
R!100 |
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R102 \R10 CH
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wherein Rw,

102
R

100 102
R R

and Y are defined as mentioned

4 4

above, by reacting the compound (301) with a
dialkylcopper lithium represented by:

R%2,cuLi

192 i35 an alkyl group; and step (303) of

wherein R
obtaining the compound (70) by oxidizing the compound
(302) .

[0300] The alkyl groups serving as R and R' form RY

above in the form of R''R'2_CH-

[0301] Two R'%%s may be the same as or different from each

102

other. Two R "“s may be the same as or different from

each other.
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[0302] The epoxidation in step (301) can be performed by
allowing an epoxidizing agent to act on the compound
(300) .
[0303] Examples of the epoxidizing agent include peracids
such as metachloroperbenzoic acid (m—-CPBA), perbenzoic
acid, hydrogen peroxide, and tert-butyl hydroperoxide,
dimethyldioxirane, and methyltrifluoromethyldioxirane.
Among these, peracids are preferable, and
metachloroperbenzoic acid is more preferable.

The epoxidizing agent can be used in an amount of
0.5 to 10.0 mol relative to 1 mol of the compound (300).
[0304] The epoxidation in step (301) can be performed in
a solvent. The solvent is preferably an organic solvent,
and examples thereof include ketones, ethers, halogenated
hydrocarbons, aromatic hydrocarbons, nitriles, pyridines,
nitrogen-containing polar organic compounds, and
dimethylsulfoxides. Among these dichloromethane is
preferable.
[0305] Examples of the ketones include acetone, methyl
ethyl ketone, methyl isobutyl ketone, cyclohexanone, and
diacetone alcohol. Among these, acetone is preferable.
[0306] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.
[0307] Examples of the halogenated hydrocarbons include

dichloromethane, dichloroethane, chloroform,
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chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0308] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0309] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0310] Examples of the nitrogen-containing polar organic
compounds include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,
and 1, 3-dimethyl-2-imidazolidinone. Among these, N,N-
dimethylformamide, N,N-dimethylacetamide, and N-methyl-2-
pyrrolidone are preferable.

[0311] The epoxidation temperature in step (301) is
preferably -78 to 200°C, more preferably -40 to 150°C.
[0312] The epoxidation pressure in step (301) 1is
preferably 0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.
[0313] The epoxidation time in step (301) is preferably
0.1 to 72 hours, more preferably 0.1 to 48 hours.

[0314] The dialkylcopper lithium can be used in step
(302) in an amount of 0.5 to 10.0 mol relative to 1 mol
of the compound (301).

[0315] The reaction in step (302) can be performed in a
solvent. The solvent is preferably an organic solvent,
and examples thereof include ethers, halogenated

hydrocarbons, and aromatic hydrocarbons.
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[0316] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0317] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0318] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0319] The reaction temperature in step (302) is
preferably -78 to 200°C, more preferably -40 to 150°C.
[0320] The reaction pressure in step (302) is preferably
0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.

[0321] The reaction time in step (302) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0322] Examples of the method for oxidizing the compound
(302) in step (303) include a method (a) of using Jones
reagent (Cr03/H,S04) (Jones oxidation), a method (b) of
using Dess-Martin Periodinane (DMP) (Dess—-Martin
oxidation), a method (c) of using pyridinium
chlorochromate (PCC), a method (d) of allowing a bleach
(about 5 to 6% NaOCl aqueous solution) to act in the
presence of a nickel compound such as NiCl,, and a method
(e) of allowing a hydrogen receptor such as an aldehyde

and a ketone to act in the presence of an aluminum
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catalyst such as Al (CHs); and A1[OCH(CHs),]35 (Oppenauer
oxidation) .

[0323] The oxidation in step (303) can be performed in a
solvent. As the solvent, water and an organic solvent
are preferable, and examples thereof include water,
ketones, alcohols, ethers, halogenated hydrocarbons,
aromatic hydrocarbons, and nitriles.

[0324] Examples of the ketones include acetone, methyl
ethyl ketone, methyl isobutyl ketone, cyclohexanone, and
diacetone alcohol. Among these, acetone is preferable.
[0325]Examples of the alcohols include methanol, ethanol,
l-propanol, and isopropanol. Among these, methanol and
ethanol are preferable.

[0326] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0327] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0328] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0329] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and

benzonitrile. Among these, acetonitrile is preferable.
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[0330] The oxidation temperature in step (303) is
preferably -78 to 200°C and can be appropriately selected
corresponding to the method employed.

[0331] The oxidation pressure in step (303) is preferably
0 to 5.0 MPa and can be appropriately selected
corresponding to the method employed.

[0332] The oxidation time in step (303) is preferably 0.1
to 72 hours and can be appropriately selected
corresponding to the method employed.

[0333] The compound (70) can be produced also by a
production method including: step (401) of obtaining the
compound (70) by oxidizing a compound (400) represented

by the formula:

100
Y. _-OH

7~
\/\Rm oH
R100/\/R1i /C|H\
AN Y OH

wherein R'® and Y are defined as mentioned above, and

R

R is an alkyl group.

[0334] The oxidation in step (401) can be performed by
allowing an oxidant to act on the compound (400) in the
presence of water and a palladium compound.

[0335] Examples of the oxidant include monovalent or
divalent copper salts such as copper chloride, copper
acetate, copper cyanide, and copper trifluoromethanethiol,
iron salts such as iron chloride, iron acetate, iron

cyanide, iron trifluoromethanethiol, and hexacyanoiron,
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benzoquinones such as 1,4-benzoquinone, 2,3-dichloro-5, 6-
dicyano-1,4-benzoquinone, tetrachloro-1,2-benzogquinone,
and tetrachloro-1,4-benzoquinone, H;0,, MnO,, KMnO,, RuO4,
m-chloroperbenzoic acid, and oxygen, or combinations
thereof. Among these, copper salts, iron salts, and
benzoquinones are preferable, and copper chloride, iron
chloride, and 1,4-benzoquinone are more preferable.

The oxidant can be used in an amount of 0.001 to 10
mol relative to 1 mol of the compound (400).
[0336] The water can be used in an amount of 0.5 to 1000
mol relative to 1 mol of the compound (400).
[0337] Examples of the palladium compound include
palladium dichloride. The palladium compound can be used
in an amount equal to that of catalyst, such as an amount
of 0.0001 to 1.0 mol relative to 1 mol of the compound
(400) .
[0338] The oxidation in step (401) can be performed in a
solvent. Examples of the solvent include water, esters,
aliphatic hydrocarbons, aromatic hydrocarbons, alcohols,
carboxylic acids, ethers, halogenated hydrocarbons,
nitrogen-containing polar organic compounds, nitriles,
dimethylsulfoxides, sulfolanes.
[0339] Examples of the esters include ethyl acetate,
butyl acetate, ethylene glycol monomethyl ether acetate,
propylene and glycol monomethyl ether acetate (PGMEA,
also known as l-methoxy —-2-acetoxypropane). Among these,

ethyl acetate is preferable.
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[0340] Examples of the aliphatic hydrocarbons include
hexane, cyclohexane, heptane, octane, nonane, decane,
undecane, dodecane, and petroleum spirit. Among these,
cyclohexane and heptane are preferable.

[0341] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0342]Examples of the alcohols include methanol, ethanol,
l-propanol, and isopropanol.

[0343] Examples of the carboxylic acids include acetic
acid and propionic acid. Among these, acetic acid is
preferable.

[0344] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0345] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0346] Examples of the nitrogen-containing polar organic
compounds include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,
and 1, 3-dimethyl-2-imidazolidinone. Among these, N,N-
dimethylformamide, N,N-dimethylacetamide, and N-methyl-2-

pyrrolidone are preferable.
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[0347] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0348] The oxidation temperature in step (401) is
preferably -78 to 200°C, more preferably -20 to 150°C.
[0349] The oxidation pressure in step (401) is preferably
0 to 10 MPa, more preferably 0.1 to 5.0 MPa.

[0350] The oxidation time in step (401) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0351] The compound (100), the compound (300), and the
compound (400) can be produced also by a production
method including: step (501) of obtaining the compound
(100) by allowing a reductant to act on an aldehyde

represented by the formula:

R'% Y H
\/\Rm \C/

|
0
wherein R' and Y are defined as mentioned above, and

R is an alkyl group.
[0352] In step (501), the aldehyde is dimerized by a
reductive coupling reaction, thereby generating the
compound (100), the compound (300), and the compound
(400) . Examples of the reductant to be used in step
(501) include samarium diiodide, titanium dichloride,
vanadium trichloride, titanium tetrachloride,

bis (cyclooctadiene)nickel, copper, magnesium, zinc,
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sodium, cerium trichloride, chromium oxide, and
triphenyltin hydride. Such reductants may be used in
combination. The amount of the reductant used is
preferably 0.001 to 10 mol, more preferably 0.01 to 5 mol,
further preferably 0.1 to 2 mol, relative to 1 mol of the
aldehyde.

[0353] The reaction in step (501) can be performed in a
solvent. The solvent is preferably an organic solvent,
more preferably an ether, a halogenated hydrocarbon, a
pyridine, a nitrile, or an aromatic hydrocarbon.

[0354] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0355] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0356] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0357] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0358] The reaction in step (501) is preferably carried
out in the presence of an alcohol. Examples of the

alcohol include methanol, ethanol, and isopropanol.
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[0359] The reaction temperature in step (501) 1is
preferably -78 to 200°C, more preferably -20 to 100°C.
[0360] The reaction pressure in step (501) is preferably
0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.

[0361] The reaction time in step (501) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0362] In any of the aforementioned production methods,
the solvent may be distilled off, evaporated, or purified
after the completion of each step, so as to enhance the
purity of the compound to be obtained. Further, when the
compound to be obtained is a compound in which M is H,
such as —-COOH, -S0Os3H, and -0SO3H, such a group can be
converted into a salt form by contact with an alkali such
as sodium carbonate and ammonia.

[0363] Examples of the hydrocarbon surfactant also
include a hydrocarbon surfactant having one or more
carbonyl groups (however, excluding carbonyl groups in
carboxyl groups) .

Further, the hydrocarbon surfactant having one or
more carbonyl groups (however, excluding carbonyl groups
in carboxyl groups) can be subjected to radical treatment
or oxidation treatment. The radical treatment may be a
treatment that generates radicals in the hydrocarbon
surfactant having one or more carbonyl groups (however,
excluding carbonyl groups in carboxyl groups) and is, for
example, a treatment including: adding deionized water

and a hydrocarbon surfactant into a reactor; sealing the



- 119 -

reactor; replacing the inside of the system with
nitrogen; raising the temperature and the pressure of the
reactor; and thereafter introducing a polymerization
initiator, followed by stirring for a certain time,
decompression of the reactor to the atmospheric pressure,
and cooling. The oxidation treatment is a treatment
including adding an oxidant to the hydrocarbon surfactant
having one or more carbonyl groups (however, excluding
carbonyl groups in carboxyl groups). Examples of the
oxidant include oxygen, ozone, hydrogen peroxide solution,
manganese oxide (IV), potassium permanganate, potassium
dichromate, nitric acid, and sulfur dioxide.
[0364] The hydrocarbon surfactant having one or more
carbonyl groups (however, excluding carbonyl groups in
carboxyl groups) is preferably a surfactant represented
by the formula:
R-X

wherein R is a fluorine-free organic group having
one or more carbonyl groups (however, excluding carbonyl
groups in carboxyl groups) and having 1 to 2000 carbon
atoms, X is -0S05x', -coox!, or -S03X' (where X' is H, a
metal atom, NRH, an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and R's
are each H or an organic group and may be the same as or
different from each other). The number of carbon atoms

in R is preferably 500 or less, more preferably 100 or
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less, further preferably 50 or less, furthermore
preferably 30 or less.

The specific hydrocarbon surfactant is more
preferably at least one selected from the group
consisting of: a surfactant (a) represented by Formula

(a) below:

R' R?®—C—R**—0S0,X°

C
| |
O O

wherein R'® is a linear or branched alkyl group
having one or more carbon atoms or a cyclic alkyl group
having three or more carbon atoms, a hydrogen atom bonded
to a carbon atom may be substituted with a monovalent
organic group containing a hydroxy group or an ester bond,
the alkyl group may contain a carbonyl group in the case
of having two or more carbon atoms and may contain a
monovalent or divalent heterocycle or may form a ring, in
the case of having three or more carbon atoms, R*® and R*
are each independently a single bond or a divalent
linking group, R'®, R?®, and R*® have 6 or more carbon
atoms in total, X® is H, a metal atom, NR*%,, an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, R%®s are each H or an

organic group and may be the same as or different from

each other, and any two of R'®, R*®, and R’® may be bonded
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together to form a ring; a surfactant (b) represented by

Formula (b) below:

R'P |c|: CRZbHOR3b>—(CR 2 —0S05X"
0

wherein R™ is a linear or branched alkyl group
optionally having a substituent and having one or more
carbon atoms or a cyclic alkyl group optionally having a
substituent and having three or more carbon atoms, the
alkyl group may contain a monovalent or divalent
heterocycle or may form a ring, in the case of having
three or more carbon atoms, R?®s and R*s are each
independently H or a substituent, R’ is an alkylene
group optionally having a substituent and having 1 to 10
carbon atoms, n is an integer of 1 or more, p and g are
each independently an integer of 0 or more, X° is H, a
metal atom, NR’®,, an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, Rs
are each H or an organic group and may be the same as or
different from each other, any two of Rm, R%, R%, and
R* may be bonded together to form a ring, L is a single
bond, -CO,-B-*, -0CO-B-*, -CONR°’-B-*, -NR°°CO-B-*, or -
CO- (however, excluding carbonyl groups contained in -
CO,-B-, —-0CO-B-, —-CONR®*-B-, and -NR°CO-B-), B is a single
bond or an alkylene group optionally having a substituent

and having 1 to 10 carbon atoms, R®® is H or an alkyl
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group optionally having a substituent and having 1 to 4
carbon atoms, and the symbol * represents the side bonded
to —OSO@@ in the formula; a surfactant (c) represented

by Formula (c) below:

R1c_C_R20_C_R3c_Ac
[l

wherein R'® is a linear or branched alkyl group
having one or more carbon atoms or a cyclic alkyl group
having three or more carbon atoms, a hydrogen atom bonded
to a carbon atom may be substituted with a monovalent
organic group containing a hydroxy group or an ester bond,
the alkyl group may contain a carbonyl group in the case
of having two or more carbon atoms and may contain a
monovalent or divalent heterocycle or may form a ring, in
the case of having three or more carbon atoms, R and R*¢
are each independently a single bond or a divalent
linking group, R'¢, R?®, and R’® have 5 or more carbon
atoms in total, A° is —-COOX® or -S03X° (where X° is H, a
metal atom, NR*S,, an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and
R*°s are each H or an organic group and may be the same
as or different from each other), and any two of R'¢, R*S,
and R’¢ may be bonded together to form a ring; and a

surfactant (d) represented by Formula (d) below:



- 123 -

R1d—CA<CR2d2>—€O R3d>—<0 R, ——Aad
|| " : :
0

wherein R'® is a linear or branched alkyl group
optionally having a substituent and having one or more
carbon atoms or a cyclic alkyl group optionally having a
substituent and having three or more carbon atoms, the
alkyl group may contain a monovalent or divalent
heterocycle or may form a ring, in the case of having
three or more carbon atoms, R%%s and R*¥s are each
independently H or a substituent, R*® is an alkylene
group optionally having a substituent and having 1 to 10
carbon atoms, n is an integer of 1 or more, p and g are
each independently an integer of 1 or more, A% is -S0;X¢
or —C00Xx¢ (where x? is H, a metal atom, NR&%, an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and R°%s are each H or
an organic group and may be the same as or different from
each other), any two of Rm, qu qu and R* may be
bonded together to form a ring, L is a single bond, —-CO,-
B-*, —0OCO-B—*, —-CONR®‘-B-*, —-NR®CO-B-*, or -CO- (however,
excluding carbonyl groups contained in -CO,-B-, -0OCO-B-,
~CONR®°-B-, and -NR®“CO-B-), B is a single bond or an
alkylene group optionally having a substituent and having
1 to 10 carbon atoms, R®® is H or an alkyl group

optionally having a substituent and having 1 to 4 carbon
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atoms, and the symbol * represents the side bonded to A
in the formula.

[0365] The surfactant (a) will be described.

[0366] In Formula (a), R'® is a linear or branched alkyl
group having one or more carbon atoms or a cyclic alkyl
group having three or more carbon atoms.

The alkyl group may contain a carbonyl group (-
C(=0)-) between two carbon atoms in the case of having
three or more carbon atoms. Further, the alkyl group can
also contain the carbonyl group at an end of the alkyl
group in the case of having two or more carbon atoms.
That is, acyl groups such as an acetyl group represented
by CH;-C(=0)- are also included in the alkyl group.

Further, the alkyl group can contain a monovalent or
divalent heterocycle or can also form a ring in the case
of having three or more carbon atoms. The heterocycle is
preferably an unsaturated heterocycle, more preferably an
oxygen—-containing unsaturated heterocycle, and examples
thereof include a furan ring. In R'®, a divalent
heterocycle may be inserted between two carbon atoms, a
divalent heterocycle may be located at an end and bonded
to -C(=0)-, or a monovalent heterocycle may be located at
an end of the alkyl group.

[0367] In this description, "the number of carbon atoms"
of the alkyl group includes the number of carbon atoms
forming the carbonyl group and the number of carbon atoms

forming the heterocycle. For example, a group
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represented by CH3-C(=0)-CH,—- has 3 carbon atoms, a group
represented by CH;3-C(=0)-C,H,—C (=0)-C,Hs~ has 7 carbon
atoms, and a group represented by CH;-C(=0)- has 2 carbon
atoms.

[0368] In the alkyl group, a hydrogen atom bonded to a
carbon atom may be substituted with a functional group,
such as a monovalent organic group containing a hydroxy
group (-OH) or an ester bond, but is preferably not
substituted with any functional groups.

Examples of the monovalent organic group containing
an ester bond include a group represented by the formula:
-0-C (=0) -R'%*?, wherein R'"?® is an alkyl group.

In the alkyl group, 75% or less of hydrogen atoms
bonded to carbon atoms may be substituted with halogen
atoms, 50% or less thereof may be substituted with
halogen atoms, or 25% or less thereof may be substituted
with halogen atoms, but the alkyl group is preferably a
non—-halogenated alkyl group free from halogen atoms such
as fluorine atoms and chlorine atoms.

[0369] In the formula, R®®’s and R’® are each independently
a single bond or a divalent linking group.

R**s and R’ are preferably each independently a
single bond, a linear or branched alkylene group having
one or more carbon atoms, or a cyclic alkylene group
having three or more carbon atoms.

The alkylene group forming R*®*s and R’ is preferably

free from carbonyl groups.
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[0370] In the alkylene group, a hydrogen atom bonded to a
carbon atom may be substituted with a functional group,
such as a monovalent organic group containing a hydroxy
group (-OH) or an ester bond, but is preferably not
substituted with any functional groups.

Examples of the monovalent organic group containing
an ester bond include a group represented by the formula:
-0-C (=0) -R'%?%, wherein R'°?® is an alkyl group.

In the alkylene group, 75% or less of hydrogen atoms
bonded to carbon atoms may be substituted with halogen
atoms, 50% or less thereof may be substituted with
halogen atoms, or 25% or less thereof may be substituted
with halogen atoms, but the alkyl group is preferably a
non—halogenated alkylene group free from halogen atoms
such as fluorine atoms and chlorine atoms.

[0371] R'™, R?®, and R’® have 6 or more carbon atoms in
total. The total number of carbon atoms is preferably 8
or more, more preferably 9 or more, further preferably 10
or more, and is preferably 20 or less, more preferably 18
or less, further preferably 15 or less.

Any two of R'?, R*?*, and R’ may be bonded together to
form a ring.

[0372] In Formula (a), X® is H, a metal atom, NR*®,, an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, R%®s are each H or an

organic group, and four R*®s may be the same as or
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different from each other. R%s are each preferably H or
an organic group having 1 to 10 carbon atoms, more
preferably H or an organic group having 1 to 4 carbon
atoms. Examples of the metal atom include monovalent or
divalent metal atoms such as alkali metals (Group 1) and
alkaline earth metals (Group 2), and the metal atom is
preferably Na, K, or Li.

X® is preferably H, an alkali metal (Group 1), an
alkaline earth metal (Group 2), or NR“M, more preferably
H, Na, K, Li, or NHy4 for the ease of dissolution in water,
further preferably Na, K, or NHy; for further ease of
dissolution in water, particularly preferably Na or NHg,
most preferably NH; for the ease of removal. When X® is
NH4, the solubility of the surfactant into an aqueous
medium is excellent, and metal components hardly remain
in PTFE or the final product.

[0373] R'® is preferably a linear or branched alkyl group
free from carbonyl groups and having 1 to 8 carbon atoms,
a cyclic alkyl group free from carbonyl groups and having
3 to 8 carbon atoms, a linear or branched alkyl group
containing 1 to 10 carbonyl groups and having 2 to 45
carbon atoms, a cyclic alkyl group containing a carbonyl
group and having 3 to 45 carbon atoms, or an alkyl group
having 3 to 45 carbon atoms and containing a monovalent
or divalent heterocycle.

[0374] Further, R'@ is more preferably a group represented

by the following formula:
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RHa / C R12a

H n11:3

wherein n'*® is an integer of 0 to 10, R'® is a
linear or branched alkyl group having 1 to 5 carbon atoms
or a cyclic alkyl group having 3 to 5 carbon atoms, R'?%%g
are each an alkylene group having 0 to 3 carbon atoms,

and R'?%®

s may be the same as or different from each other
when n''® is an integer of 2 to 10.

[0375] n''® is preferably an integer of 0 to 5, more
preferably an integer of 0 to 3, further preferably an
integer of 1 to 3.

1lla

[0376] The alkyl group serving as R is preferably free

from carbonyl groups. In the alkyl group serving as R,
a hydrogen atom bonded to a carbon atom may be
substituted with a functional group, such as a monovalent
organic group containing a hydroxy group (-OH) or an
ester bond, but the alkyl group is preferably not
substituted with any functional groups.

Examples of the monovalent organic group containing
an ester bond include a group represented by the formula:
~0-C (=0) -R'%%%, wherein R'%*® is an alkyl group.

In the alkyl group serving as R''®

, 75% or less of
hydrogen atoms bonded to carbon atoms may be substituted
with halogen atoms, 50% or less thereof may be

substituted with halogen atoms, or 25% or less thereof
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may be substituted with halogen atoms, but the alkyl
group is preferably a non-halogenated alkyl group free
from halogen atoms such as fluorine atoms and chlorine
atoms.
[0377] R**® is an alkylene group having 0 to 3 carbon
atoms. The number of carbon atoms is preferably 1 to 3.
The alkylene group serving as R'*® may be linear or
branched.
The alkylene group serving as R™® is preferably free

12
Ri2a

from carbonyl groups. is more preferably an ethylene

group (—CyH4—) or a propylene group (—CsHg—).

In the alkylene group serving as R™®, a hydrogen
atom bonded to a carbon atom may be substituted with a
functional group such as a monovalent organic group
containing a hydroxy group (-OH) or an ester bond, but
the alkylene group is preferably not substituted with any
functional groups.

Examples of the monovalent organic group containing
an ester bond include a group represented by the formula:
-0-C (=0) -R'%*%, wherein R'**® is an alkyl group.

In the alkylene group serving as R'*®, 75% or less of
hydrogen atoms bonded to carbon atoms may be substituted
with halogen atoms, 50% or less thereof may be
substituted with halogen atoms, or 25% or less thereof

may be substituted with halogen atoms, but the alkylene

group 1is preferably a non-halogenated alkylene group free
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from halogen atoms such as fluorine atoms and chlorine
atoms.

[0378] R*® and R’® are preferably each independently an
alkylene group free from carbonyl groups and having one
or more carbon atoms, more preferably an alkylene group
free from carbonyl groups and having 1 to 3 carbon atoms,
further preferably an ethylene group (-CyHy4—) or a
propylene group (—CsHg—).

[0379] Examples of the surfactant (a) can include the
following surfactants. In each formula, X® is defined as

mentioned above.

[0380]
O
/\NH[AO/SOQ,XE‘ /\/Y\]/\O/803Xa
O 0O O
0
/’\)W/\O/Sosxa /\H/\/\H/\O/SO?.Xa
O O 0
0 0O 0
)K/\/Y\O/SOSXa M\(\O/803Xa
0 O
6 O
M\O/SO;;XE‘
0
0 O
)k T(\/ﬁw/\o/sosxa M\\/\ 0,803x“
0 O 0 O

[0381]
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[0384]
OH 0 0
)W\”/\/UV\ /SOGXa WO/SOGXH
0] OH 0
OH 0 OH 0
//A\V/J\\//A\]//\\V/J\\//A\(y’Sosxa,/J\\//A\ﬂ//\\//ﬂ\\//\\ﬂ//\Yj/SOSxa
(0] (@] 0
OH 0
/‘\/\’(\/“\WO/S%)@
O 0
[0385]
o) 0]
SO;X?
0 0 /f\T/\\/A\W/\&/l\/f\O/ 3
0/803Xa W,o 0
O 0
0 (0] 0
_S0;X°
_S05X° 0 0
T
0
(o] 0

[0386]
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\ /SO;;X
0 O
0]
0
) 0
/\/J\/\’( /SO 3X
0 0] (0]
0
0] 0
0] @)
0
0 0
o/sosxa

/803X

/803X
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[0388] The surfactant (a) is a new compound and can be
produced by the production methods described below as
examples.

[0389] The surfactant (a) can be produced by a production
method including: step (lla) of obtaining a compound

(l1la) represented by the formula:

R2'O1a3 S C RSa_OEa

|
O

R?ma, and E°® are defined as mentioned

wherein R’9,
above, by reacting a compound (10a) represented by the

formula:

O

3a

N—|C—R —QFE®

O

wherein R*® is defined as mentioned above, and E? is
a leaving group, with lithium and a chlorosilane compound
represented by the formula:
R?%e 51 -C1

wherein R?%'?

s are each independently an alkyl group
or an aryl group; step (l1l2a) of obtaining a compound

(l2a) represented by the formula:



wherein R'®, R??, R, and E°® are defined as mentioned
above, by reacting the compound (lla) with an olefin

represented by the formula:

R ¢ Rzm/
|

O

wherein R'@ is defined as mentioned above, and R?*'® is

a single bond or a divalent linking group; step (13a) of

obtaining a compound (13a) represented by the formula:

ﬁ R“\a/\c—pﬁ‘a—m
! !

, and R*® are defined as mentioned

R1a

wherein R'®, R?!®

above, by eliminating the leaving group contained in the
compound (12a); and step (1l4a) of obtaining a compound

(l4a) represented by the formula:

R1a ﬁ RMﬁ—R3a_0803Xa
O

O
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2la R and X® are defined as mentioned

wherein R'®, R
above, by reacting the compound (13a) with a

chlorosulfonic acid represented by the formula:

O O

N\
CI/S\OXa

wherein X% is defined as mentioned above.
[0390] When R'® contains a furan ring, the furan ring may
be opened, for example, using an acid and converted into
a dicarbonyl derivative. Examples of the acid include
acetic acid, hydrochloric acid, and p-toluene sulfone.
Among these, acetic acid is preferable.
[0391] In step (1lla), the compound (lla) is preferably
obtained by reacting lithium with the chlorosilane
compound beforehand to obtain a siloxylithium compound
and thereafter reacting the siloxylithium compound with
the compound (10a).
[0392] E® represents a leaving group. Examples of the
leaving group include a tert-butyldimethylsilyl (TBS)
group, a triethylsilyl (TES) group, a triisopropylsilyl
(TIPS) group, a tert-butyldiphenylsilyl (TBDPS) group,
and a benzyl (Bn) group.
[0393] R?'® is preferably a single bond or a linear or
branched alkylene group having one or more carbon atoms.

[0394] Examples of the chlorosilane compound include:



[0395] A1l the reactions in step (lla) can be carried out
in a solvent. The solvent is preferably an organic
solvent, more preferably a polar aprotic solvent, further
preferably an ether. Examples of the ether include ethyl
methyl ether, diethyl ether, monoglyme (ethylene glycol
dimethyl ether), diglyme (diethylene glycol dimethyl
ether), triglyme(triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl
ether), and crown ether (15-crown-5,18-crown-6). Among
these, tetrahydrofuran and diethyl ether are preferable.
[0396] The reaction temperature of lithium with the
chlorosilane compound in step (lla) is preferably 10 to

40°C, more preferably 20 to 30°C.
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The reaction temperature of the siloxylithium
compound with the compound (10a) in step (lla) is
preferably —-100 to 0°C, more preferably -80 to -50°C.
[0397] The reaction pressure of lithium with the
chlorosilane compound in step (1lla) is preferably 0.1 to
5 MPa, more preferably 0.1 to 1 MPa.

The reaction pressure of the siloxylithium compound
with the compound (10a) in step (1lla) is preferably 0.1
to 5 MPa, more preferably 0.1 to 1 MPa.

[0398] The reaction time of lithium with the chlorosilane
compound in step (lla) is preferably 0.1 to 72 hours,
more preferably 6 to 10 hours.

The reaction time of the siloxylithium compound with
the compound (10a) in step (lla) is preferably 0.1 to 72
hours, more preferably 1 to 2 hours.

[0399] For a reaction ratio of the compound (lla) with
the olefin in step (12a), the amount of the olefin is
preferably 1 to 2 mol, more preferably 1 to 1.1 mol,
relative to 1 mol of the compound (lla), in consideration
of yield improvement and waste reduction.

[0400] The reaction in step (l12a) can be performed in a
solvent in the presence of a thiazolium salt and a base.
[0401] Examples of the thiazolium salt include 3-ethyl-5-
(2-hydroxyethyl) -4-methylthiazolium bromide and 3-benzyl-
5-(2-hydroxyethyl)-4-methylthiazolium chloride.

[0402] Examples of the base include 1, 8-

diazabicyclo[5.4.0]-7-undecene and triethylamine.
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[0403] The solvent is preferably an organic solvent, more
preferably a polar aprotic solvent, further preferably an
alcohol or an ether.

[0404] Examples of the alcohol include methanol, ethanol,
l-propanol, and isopropanol.

[0405] Examples of the ether include ethyl methyl ether,
diethyl ether, monoglyme (ethylene glycol dimethyl ether),
diglyme (diethylene glycol dimethyl ether),

triglyme (triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl
ether), and crown ether (l5-crown-5,18-crown-6). Among
these, tetrahydrofuran and diethyl ether are preferable.
[0406] The reaction temperature in step (l2a) is
preferably 40 to 60°C, more preferably 50 to 55°C.

[0407] The reaction pressure in step (12a) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0408] The reaction time in step (l2a) is preferably 0.1
to 72 hours, more preferably 6 to 10 hours.

[0409] The elimination reaction of the leaving group in
step (13a) can be performed using a fluoride ion or an
acid. Examples of the method for eliminating the leaving
group include a method of using hydrofluoric acid, a
method of using an amine complex of a hydrogen fluoride
such as pyridine-nHF and triethylamine-nHF, a method of
using an inorganic salt such as cesium fluoride,

potassium fluoride, lithium borofluoride (LiBF4), and
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ammonium fluoride, and a method of using an organic salt
such as tetrabutylammonium fluoride (TBAF).

[0410] The elimination reaction of the leaving group in
step (1l3a) can be performed in a solvent. The solvent is
preferably an organic solvent, more preferably a polar
aprotic solvent, further preferably an ether.

[0411] Examples of the ether include ethyl methyl ether,
diethyl ether, monoglyme (ethylene glycol dimethyl ether),
diglyme (diethylene glycol dimethyl ether),

triglyme (triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl
ether), and crown ether (l15-crown-5,18-crown-6). Among
these, tetrahydrofuran and diethyl ether are preferable.
[0412] The reaction temperature in step (13a) is
preferably 0 to 40°C, more preferably 0 to 20°C.

[0413] The reaction pressure in step (13a) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0414] The reaction time in step (13a) is preferably 0.1
to 72 hours, more preferably 3 to 8 hours.

[0415] For a reaction ratio of the compound (13a) with
the chlorosulfonic acid in step (l4a), the amount of the
chlorosulfonic acid is preferably 1 to 2 mol, more
preferably 1 to 1.1 mol, relative to 1 mol of the
compound (13a), in consideration of yield improvement and
waste reduction.

[0416] The reaction in step (l4a) is preferably carried

out in the presence of a base. Examples of the base



- 142 -

include alkali metal hydroxides, alkaline earth metal
hydroxides, and amines. Among these, amines are
preferable.

[0417] Examples of the amines in step (l4a) include
tertiary amines such as trimethylamine, triethylamine,
tributylamine, N,N-dimethylaniline, dimethylbenzylamine,
and N,N,N',N'-tetramethyl-1,8-naphthalene diamine,
complex aromatic amines such as pyridine, pyrrole, uracil,
collidine, and lutidine, and cyclic amines such as 1,8-
diaza-bicyclo[5.4.0]-7-undecene and 1,5-diaza-
bicyclo[4.3.0]-5-nonene. Among these, triethylamine and
pyridine are preferable.

[0418] The amount of the base used in step (1l4a) is
preferably 1 to 2 mol, more preferably 1 to 1.1 mol,
relative to 1 mol of the compound (13a), in consideration
of yield improvement and waste reduction.

[0419] The reaction in step (l4a) can be performed in a
polar solvent. The solvent is preferably an organic
solvent, more preferably a polar aprotic solvent, further
preferably an ether.

[0420] Examples of the ether include ethyl methyl ether,
diethyl ether, monoglyme (ethylene glycol dimethyl ether),
diglyme (diethylene glycol dimethyl ether),

triglyme (triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl
ether), and crown ether (l15-crown-5,18-crown-6). Among

these, diethyl ether is preferable.
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[0421] The reaction temperature in step (1l4a) is
preferably 0 to 40°C, more preferably 0 to 20°C.

[0422] The reaction pressure in step (l4a) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0423] The reaction time in step (l4a) is preferably 0.1
to 72 hours, more preferably 3 to 12 hours.

[0424] When the reaction in step (l4a) is carried out in
a solvent, a solution containing the compound (l4a) is
obtained after the completion of the reaction. The
compound (l4a) with a high purity may be collected by
adding water to the solution, followed by standing, so
that the solution is separated into two phases and
collecting the water phase, thereby distilling off the
solvent. When the compound (14a) has a group represented
by -0SOsH (that is, when X is H), use of an alkali
aqueous solution such as a sodium bicarbonate aqueous
solution and ammonia water instead of water enables
conversion of -0SOs3H into a sulfate group.

[0425] The solvent may be distilled off, evaporated, or
purified after the completion of each step, so as to
enhance the purity of the compound to be obtained.
[0426] The surfactant (a) can be produced also by a
production method including: step (21a) of obtaining a

compound (2la) represented by the formula:

F22451_0_I:;ESEA_OEa

R'""—C
| |
O O
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wherein R'®, R*%, and E® are defined as mentioned

24a

above, and R is a single bond or a divalent linking

group, by reacting a ketone represented by the formula:

R22a C RSa_OEa

O

wherein R*® is defined as mentioned above, R?*® is a
monovalent organic group, and E® is a leaving group, with

a carboxylic acid ester represented by the formula:

R1 a C 0 R23a

O

wherein R'® is defined as mentioned above, and R**® is
a monovalent organic group; step (22a) of obtaining a

compound (22a) represented by the formula:

24a_

R'*—C—R?**-c—R**—0H
wherein R'®, R?*%, and R*® are defined as mentioned
above, by eliminating the leaving group contained in the

compound (21la); and step (23a) of obtaining a compound

(23a) represented by the formula:
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1a 24a da a
R ﬁ R 'C|—R —0S03X
O O
wherein R'®, R?!%, R, and X°® are defined as mentioned

above, by reacting the compound (22a) with a

chlorosulfonic acid represented by the formula:

o\\S /o

CI/ \oxa

wherein X® is defined as mentioned above.
[0427] When R™ contains a furan ring, the furan ring may
be opened, for example, using an acid and converted into
a dicarbonyl derivative. Examples of the acid include
acetic acid, hydrochloric acid, and p-toluene sulfone.
Among these, acetic acid is preferable.
[0428] E® represents a leaving group. Examples of the
leaving group include a tert-butyldimethylsilyl (TBS)
group, a triethylsilyl (TES) group, a triisopropylsilyl
(TIPS) group, a tert-butyldiphenylsilyl (TBDPS) group,
and a benzyl (Bn) group.
[0429] R*%® is preferably a linear or branched alkyl group
having one or more carbon atoms, more preferably a methyl

group.
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R?® is preferably a linear or branched alkyl group

having one or more carbon atoms, more preferably a methyl

group.
R*‘® is preferably a linear or branched alkylene

group having one or more carbon atoms, more preferably a

methylene group (—-CHy-).

[0430] The reaction in step (2la) can be performed in a

solvent in the presence of a base.

[0431] Examples of the base include sodium amide, sodium

hydride, sodium methoxide, and sodium ethoxide.

[0432] The solvent is preferably an organic solvent, more

preferably a polar aprotic solvent, further preferably an

alcohol or an ether.

[0433] Examples of the alcohol include methanol, ethanol,

l-propanol, and isopropanol.

[0434] Examples of the ether include ethyl methyl ether,

diethyl ether, monoglyme (ethylene glycol dimethyl ether),

diglyme (diethylene glycol dimethyl ether),

triglyme (triethylene glycol dimethyl ether),

tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl

ether), and crown ether (l15-crown-5,18-crown-6). Among

these, tetrahydrofuran and diethyl ether are preferable.

[0435] The reaction temperature in step (21la) is

preferably 0 to 40°C, more preferably 0 to 20°C.

[0436] The reaction pressure in step (21la) is preferably

0.1 to 5 MPa, more preferably 0.1 to 1 MPa.
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[0437] The reaction time in step (2la) is preferably 0.1
to 72 hours, more preferably 3 to 8 hours.

[0438] The elimination reaction of the leaving group in
step (22a) can be performed using a fluoride ion or an
acid. Examples of the method for eliminating the leaving
group include a method of using hydrofluoric acid, a
method of using an amine complex of a hydrogen fluoride
such as pyridine-nHF and triethylamine-nHF, a method of
using an inorganic salt such as cesium fluoride,
potassium fluoride, lithium borofluoride (LiBF,), and
ammonium fluoride, and a method of using an organic salt
such as tetrabutylammonium fluoride (TBAF).

[0439] The elimination reaction of the leaving group in
step (22a) can be performed in a solvent. The solvent is
preferably an organic solvent, more preferably a polar
aprotic solvent, further preferably an ether.

[0440] Examples of the ether include ethyl methyl ether,
diethyl ether, monoglyme (ethylene glycol dimethyl ether),
diglyme (diethylene glycol dimethyl ether),

triglyme (triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl
ether), and crown ether (l5-crown-5,18-crown-6). Among
these, tetrahydrofuran and diethyl ether are preferable.
[0441] The reaction temperature in step (22a) is
preferably 0 to 40°C, more preferably 0 to 20°C.

[0442] The reaction pressure in step (22a) is preferably

0.1 to 5 MPa, more preferably 0.1 to 1 MPa.



- 148 -

[0443] The reaction time in step (22a) is preferably 0.1
to 72 hours, more preferably 3 to 8 hours.

[0444] For a reaction ratio of the compound (22a) with
the chlorosulfonic acid in step (23a), the amount of the
chlorosulfonic acid is preferably 1 to 2 mol, more
preferably 1 to 1.1 mol, relative to 1 mol of the
compound (22a), in consideration of yield improvement and
waste reduction.

[0445] The reaction in step (23a) is preferably carried
out in the presence of a base. Examples of the base
include alkali metal hydroxides, alkaline earth metal
hydroxides, and amines. Among these, amines are
preferable.

[0446] Examples of the amines in step (23a) include
tertiary amines such as trimethylamine, triethylamine,
tributylamine, N,N-dimethylaniline, dimethylbenzylamine,
and N,N,N',N'-tetramethyl-1, 8—naphthalene diamine,
complex aromatic amines such as pyridine, pyrrole, uracil,
collidine, and lutidine, and cyclic amines such as 1,8-
diaza-bicyclo[5.4.0]-7-undecene and 1,5-diaza-
bicyclo[4.3.0]-5-nonene. Among these, triethylamine and
pyridine are preferable.

[0447] The amount of the base used in step (23a) is
preferably 1 to 2 mol, more preferably 1 to 1.1 mol,
relative to 1 mol of the compound (22a), in consideration

of yield improvement and waste reduction.
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[0448] The reaction in step (23a) can be performed in a
polar solvent. The solvent is preferably an organic
solvent, more preferably a polar aprotic solvent, further
preferably an ether.

[0449] Examples of the ether include ethyl methyl ether,
diethyl ether, monoglyme (ethylene glycol dimethyl ether),
diglyme (diethylene glycol dimethyl ether),

triglyme (triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl
ether), and crown ether (l5-crown-5,18-crown-6). Among
these, diethyl ether is preferable.

[0450] The reaction temperature in step (23a) is
preferably 0 to 40°C, more preferably 0 to 20°C.

[0451] The reaction pressure in step (23a) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0452] The reaction time in step (23a) is preferably 0.1
to 72 hours, more preferably 3 to 12 hours.

[0453] When the reaction in step (23a) is carried out in
a solvent, a solution containing the compound (23a) is
obtained after the completion of the reaction. The
compound (23a) with a high purity may be collected by
adding water to the solution, followed by standing, so
that the solution is separated into two phases and
collecting the water phase, thereby distilling off the
solvent. When the compound (23a) has a group represented
by -0SO3H (that is, when X is H), use of an alkali

aqueous solution such as a sodium bicarbonate aqueous
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solution and ammonia water instead of water enables
conversion of -0SO3H into a sulfate group.

[0454] The solvent may be distilled off, evaporated, or
purified after the completion of each step, so as to
enhance the purity of the compound to be obtained.
[0455] The surfactant (a) can be produced also by a
production method including: step (3la) of obtaining a

compound (3la) represented by the formula:

R1a — R3a_0Ea

wherein R'®, R, and E° are defined as mentioned
above, by reacting an alkyl halide represented by the
formula: Y®-R’*-0E?®

wherein R*® is defined as mentioned above, Y% is a

halogen atom, and E® is a leaving group, with a lithium

acetylide represented by the formula:

la —— -
R —— Li
wherein R'@ is defined as mentioned above; step (32a)

of obtaining a compound (32a) represented by the formula:
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wherein R'®, R*%, and E® are defined as mentioned

above, by oxidizing the compound (31la); step (33a) of

obtaining a compound (33a) represented by the formula:

O

R'*—C—C—R*—0H

O

wherein R'® and R*® are defined as mentioned above,

by eliminating the leaving group contained in the
compound (32a); and step (34a) of obtaining a compound

(34a) represented by the formula:

O

R'®*—C—C—R*-0S03X°

O

wherein R'®, R*%, and X® are defined as mentioned

above, by reacting the compound (33a) with a

chlorosulfonic acid represented by the formula:

o\\S /o

CI/ \oxa

wherein X% is defined as mentioned above.

[0456] When R'® contains a furan ring, the furan ring may

be opened, for example, using an acid and converted into
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a dicarbonyl derivative. Examples of the acid include
acetic acid, hydrochloric acid, and p-toluene sulfone.
Among these, acetic acid is preferable.

[0457] E® represents a leaving group. Examples of the
leaving group include a tert-butyldimethylsilyl (TBS)
group, a triethylsilyl (TES) group, a triisopropylsilyl
(TIPS) group, a tert-butyldiphenylsilyl (TBDPS) group,
and a benzyl (Bn) group.

[0458] For a reaction ratio of the alkyl halide with the
lithium acetylide in step (31la), the amount of the
lithium acetylide is preferably 1 to 2 mol, more
preferably 1 to 1.2 mol, relative to 1 mol of the alkyl
halide, in consideration of yield improvement and waste
reduction.

[0459] The reaction in step (3la) can be performed in a
solvent. The solvent is preferably hexane.

[0460] The reaction temperature in step (3la) is
preferably —-100 to -40°C, more preferably -80 to -50°C.
[0461] The reaction pressure in step (3la) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0462] The reaction time in step (3la) is preferably 0.1
to 72 hours, more preferably 6 to 10 hours.

[0463] The oxidation in step (32a) can be performed in a
nitrile solvent using a complex generated by treating
[(Cn*)RuIH(CF3C02)ﬂ'H20, wherein Cn” represents 1,4,7-

trimethyl-1,4, 7-triazabicyclononane, with (NHy),Ce (NO3)g4
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and trifluoroacetic acid and thereafter adding sodium
perchlorate thereto.

[0464] After the completion of the oxidation,
neutralization with an alkali may be carried out to
extract the compound (32a) using an organic solvent such
as an ether.

[0465] The reaction temperature in step (32a) is
preferably 30 to 100°C, more preferably 40 to 90°C.
[0466] The reaction pressure in step (32a) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0467] The reaction time in step (32a) is preferably 0.1
to 72 hours, more preferably 3 to 8 hours.

[0468] The elimination reaction of the leaving group in
step (33a) can be performed using a fluoride ion or an
acid. Examples of the method for eliminating the leaving
group include a method of using hydrofluoric acid, a
method of using an amine complex of a hydrogen fluoride
such as pyridine—-nHF and triethylamine-nHF, a method of
using an inorganic salt such as cesium fluoride,
potassium fluoride, lithium borofluoride (LiBF,), and
ammonium fluoride, and a method of using an organic salt
such as tetrabutylammonium fluoride (TBAF).

[0469] The elimination reaction of the leaving group in
step (33a) can be performed in a solvent. The solvent is
preferably an organic solvent, more preferably a polar

aprotic solvent, further preferably an ether.
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[0470] Examples of the ether include ethyl methyl ether,
diethyl ether, monoglyme (ethylene glycol dimethyl ether),
diglyme (diethylene glycol dimethyl ether),

triglyme (triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl
ether), and crown ether (l5-crown-5,18-crown-6). Among
these, tetrahydrofuran and diethyl ether are preferable.
[0471] The reaction temperature in step (33a) is
preferably 0 to 40°C, more preferably 0 to 20°C.

[0472] The reaction pressure in step (33a) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0473] The reaction time in step (33a) is preferably 0.1
to 72 hours, more preferably 3 to 8 hours.

[0474] For a reaction ratio of the compound (33a) with
the chlorosulfonic acid in step (34a), the amount of the
chlorosulfonic acid is preferably 1 to 2 mol, more
preferably 1 to 1.1 mol, relative to 1 mol of the
compound (33a), 1in consideration of yield improvement and
waste reduction.

[0475] The reaction in step (34a) is preferably carried
out in the presence of a base. Examples of the base
include alkali metal hydroxides, alkaline earth metal
hydroxides, and amines. Among these, amines are
preferable.

[0476] Examples of the amines in step (34a) include
tertiary amines such as trimethylamine, triethylamine,

tributylamine, N,N-dimethylaniline, dimethylbenzylamine,
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and N,N,N',N'-tetramethyl-1, 8—-naphthalene diamine,
complex aromatic amines such as pyridine, pyrrole, uracil,
collidine, and lutidine, and cyclic amines such as 1, 8-
diaza-bicyclo[5.4.0]-7-undecene and 1,5-diaza-
bicyclo[4.3.0]-5-nonene. Among these, triethylamine and
pyridine are preferable.

[0477] The amount of the base used in step (34a) is
preferably 1 to 2 mol, more preferably 1 to 1.1 mol,
relative to 1 mol of the compound (33a), in consideration
of yield improvement and waste reduction.

[0478] The reaction in step (34a) can be performed in a
polar solvent. The solvent is preferably an organic
solvent, more preferably a polar aprotic solvent, further
preferably an ether.

[0479] Examples of the ether include ethyl methyl ether,
diethyl ether, monoglyme (ethylene glycol dimethyl ether),
diglyme (diethylene glycol dimethyl ether),

triglyme (triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl
ether), and crown ether (l5-crown-5,18-crown-6). Among
these, diethyl ether is preferable.

[0480] The reaction temperature in step (34a) 1is
preferably 0 to 40°C, more preferably 0 to 20°C.

[0481] The reaction pressure in step (34a) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0482] The reaction time in step (34a) is preferably 0.1

to 72 hours, more preferably 3 to 12 hours.
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[0483] When the reaction in step (34a) is carried out in
a solvent, a solution containing the compound (34a) is
obtained after the completion of the reaction. The
compound (34a) with a high purity may be collected by
adding water to the solution, followed by standing, so
that the solution is separated into two phases and
collecting the water phase, thereby distilling off the
solvent. When the compound (34a) has a group represented
by -0SOsH (that is, when X is H), use of an alkali
aqueous solution such as a sodium bicarbonate aqgqueous
solution and ammonia water instead of water enables
conversion of -0SO3H into a sulfate group.

[0484] The solvent may be distilled off, evaporated, or
purified after the completion of each step, so as to
enhance the purity of the compound to be obtained.
[0485] The surfactant (a) can be produced also by a
production method including: step (4la) of obtaining a

compound (4la) represented by the formula:

Q

R1a RZla

OH

)

wherein R'@ and R?'® are defined as mentioned above,

by reacting an alkene represented by the formula:
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R“a\'rRz‘\a/
0

wherein R'@ is defined as mentioned above, and R*'® is
a single bond or a divalent linking group, with an alkyne

represented by the formula:

Y51a

%

>4 i35 an alkoxyl group; and step (42a) of

wherein Y

obtaining a compound (42a) represented by the formula:

O

R1a R21a
0S03X?

21la

wherein R'@, R?'?%, and X*® are defined as mentioned
above, by reacting the compound (4la) with a

chlorosulfonic acid represented by the formula:

o\\S /o

a1 oxe
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wherein X® is defined as mentioned above.
[0486] When R' contains a furan ring, the furan ring may
be opened, for example, using an acid and converted into
a dicarbonyl derivative. Examples of the acid include
acetic acid, hydrochloric acid, and p-toluene sulfone.
Among these, acetic acid is preferable.
[0487] R**® is preferably a single bond or a linear or
branched alkylene group having one or more carbon atoms.
[0488] For a reaction ratio of the alkene with the alkyne
in step (41la), the amount of the alkene is preferably 0.5
to 2 mol, more preferably 0.6 to 1.2 mol, relative to 1
mol of the alkyne, in consideration of yield improvement
and waste reduction.
[0489] The reaction in step (4la) is preferably carried
out in the presence of a metal catalyst. Examples of the
metal include ruthenium.
[0490] The amount of the metal catalyst used in step
(41a) is preferably 0.01 to 0.4 mol, more preferably 0.05
to 0.1 mol, relative to 1 mol of the alkene, in
consideration of yield improvement and waste reduction.
[0491] The reaction in step (4la) can be performed in a
polar solvent. The solvent is preferably water,
acetonitrile, dimethylacetamide, or dimethylformamide.
[0492] The reaction temperature in step (4la) is
preferably 20 to 160°C, more preferably 40 to 140°C.
[0493] The reaction pressure in step (4la) is preferably

0.1 to 5 MPa, more preferably 0.1 to 1 MPa.
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[0494] The reaction time in step (4la) is preferably 0.1
to 72 hours, more preferably 4 to 8 hours.

[0495] For a reaction ratio of the compound (4la) with
the chlorosulfonic acid in step (42a), the amount of the
chlorosulfonic acid is preferably 1 to 2 mol, more
preferably 1 to 1.1 mol, relative to 1 mol of the
compound (4la), in consideration of yield improvement and
waste reduction.

[0496] The reaction in step (42a) is preferably carried
out in the presence of a base. Examples of the base
include alkali metal hydroxides, alkaline earth metal
hydroxides, and amines. Among these, amines are
preferable.

[0497] Examples of the amines in step (42a) include
tertiary amines such as trimethylamine, triethylamine,
tributylamine, N,N-dimethylaniline, dimethylbenzylamine,
and N,N,N',N'-tetramethyl-1, 8—naphthalene diamine,
complex aromatic amines such as pyridine, pyrrole, uracil,
collidine, and lutidine, and cyclic amines such as 1,8-
diaza-bicyclo[5.4.0]-7-undecene and 1,5-diaza-
bicyclo[4.3.0]-5-nonene. Among these, triethylamine and
pyridine are preferable.

[0498] The amount of the base used in step (42a) is
preferably 1 to 2 mol, more preferably 1 to 1.1 mol,
relative to 1 mol of the compound (41la), in consideration

of yield improvement and waste reduction.
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[0499] The reaction in step (42a) can be performed in a
polar solvent. The solvent is preferably an organic
solvent, more preferably a polar aprotic solvent, further
preferably an ether.

[0500] Examples of the ether include ethyl methyl ether,
diethyl ether, monoglyme (ethylene glycol dimethyl ether),
diglyme (diethylene glycol dimethyl ether),

triglyme (triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl
ether), and crown ether (l5-crown-5,18-crown-6). Among
these, diethyl ether is preferable.

[0501] The reaction temperature in step (42a) is
preferably 0 to 40°C, more preferably 0 to 20°C.

[0502] The reaction pressure in step (42a) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0503] The reaction time in step (42a) is preferably 0.1
to 72 hours, more preferably 3 to 12 hours.

[0504] When the reaction in step (42a) is carried out in
a solvent, a solution containing the compound (42a) is
obtained after the completion of the reaction. The
compound (42a) with a high purity may be collected by
adding water to the solution, followed by standing, so
that the solution is separated into two phases and
collecting the water phase, thereby distilling off the
solvent. When the compound (42a) has a group represented
by -0SO3H (that is, when X is H), use of an alkali

aqueous solution such as a sodium bicarbonate aqueous
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solution and ammonia water instead of water enables
conversion of -0SO3H into a sulfate group.

[0505] The solvent may be distilled off, evaporated, or
purified after the completion of each step, so as to
enhance the purity of the compound to be obtained.
[0506] Next, the surfactant (b) will be described.
[0507] In Formula (b), R is a linear or branched alkyl
group optionally having a substituent and having one or
more carbon atoms or a cyclic alkyl group optionally
having a substituent and having three or more carbon
atoms.

The alkyl group can contain a monovalent or divalent
heterocycle or can also form a ring, in the case of
having three or more carbon atoms. The heterocycle is
preferably an unsaturated heterocycle, more preferably an
oxygen—-containing unsaturated heterocycle, and examples
thereof include a furan ring. In R', a divalent
heterocycle may be inserted between two carbon atoms, a
divalent heterocycle may be located at an end and bonded
to -C(=0)—-, or a monovalent heterocycle may be located at
an end of the alkyl group.

[0508] In this description, "the number of carbon atoms"
of the alkyl group includes the number of carbon atoms
forming the heterocycle.

[0509] The substituent optionally contained in the alkyl
group as R™ 1is preferably a halogen atom, a linear or

branched alkyl group having 1 to 10 carbon atoms or a
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cyclic alkyl group having 3 to 10 carbon atoms, or a
hydroxy group, particularly preferably a methyl group or
an ethyl group.

[0510] The alkyl group serving as R™ is preferably free
from carbonyl groups. In the alkyl group, 75% or less of
hydrogen atoms bonded to carbon atoms may be substituted
with halogen atoms, 50% or less thereof may be
substituted with halogen atoms, or 25% or less thereof
may be substituted with halogen atoms, but the alkyl
group 1s preferably a non-halogenated alkyl group free
from halogen atoms such as fluorine atoms and chlorine
atoms. The alkyl group preferably does not contain any
substituents.

[0511] R™ is preferably a linear or branched alkyl group
optionally having a substituent and having 1 to 10 carbon
atoms or a cyclic alkyl group optionally having a
substituent and having 3 to 10 carbon atoms, more
preferably a linear or branched alkyl group free from
carbonyl groups and having 1 to 10 carbon atoms or a
cyclic alkyl group free from carbonyl groups and having 3
to 10 carbon atoms, further preferably a linear or
branched alkyl group having 1 to 10 carbon atoms and
having no substituents, furthermore preferably a linear
or branched alkyl group having 1 to 3 carbon atoms and
having no substituents, particularly preferably a methyl
group (—CH3) or an ethyl group (-CyHs), most preferably a

methyl group (-CHj).
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[0512] In Formula (b), R?®s and R*®s are each
independently H or a substituent. A plurality of R®®s and
a plurality of R*s may each be the same as or different
from each other.

[0513] The substituent serving as each of R*® and R*® is
preferably a halogen atom, a linear or branched alkyl
group having 1 to 10 carbon atoms or a cyclic alkyl group
having 3 to 10 carbon atoms, or a hydroxy group,
particularly preferably a methyl group or an ethyl group.
[0514] The alkyl group serving as each of R*® and R*® is
preferably free from carbonyl groups.

In the alkyl group, 75% or less of hydrogen atoms
bonded to carbon atoms may be substituted with halogen
atoms, 50% or less thereof may be substituted with
halogen atoms, or 25% or less thereof may be substituted
with halogen atoms, but the alkyl group is preferably a
non—-halogenated alkyl group free from halogen atoms such
as fluorine atoms and chlorine atoms.

The alkyl group preferably does not contain any
substituents.

[0515] The alkyl group serving as each of R*® and R* 1is
preferably a linear or branched alkyl group free from
carbonyl groups and having 1 to 10 carbon atoms or a
cyclic alkyl group free from carbonyl groups and having 3
to 10 carbon atoms, more preferably a linear or branched
alkyl group free from carbonyl groups and having 1 to 10

carbon atoms, further preferably a linear or branched
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alkyl group having no substituents and having 1 to 3
carbon atoms, particularly preferably a methyl group (-
CH3) or an ethyl group (—CyHs).

[0516] R*®s and R*"s are preferably each independently H
or a linear or branched alkyl group free from carbonyl
groups and having 1 to 10 carbon atoms, more preferably H
or a linear or branched alkyl group having no
substituents and having 1 to 3 carbon atoms, furthermore
preferably H, a methyl group (-CH;) or an ethyl group (-
CyHs), particularly preferably H.

[0517] In Formula (b), R® is an alkylene group optionally
having a substituent and having 1 to 10 carbon atoms.
When a plurality of R*®s are present, the plurality of
R*s may be the same as or different from each other.
[0518] The alkylene group is preferably free from
carbonyl groups.

In the alkylene group, 75% or less of hydrogen atoms
bonded to carbon atoms may be substituted with halogen
atoms, 50% or less thereof may be substituted with
halogen atoms, or 25% or less thereof may be substituted
with halogen atoms, but the alkyl group is preferably a
non—-halogenated alkyl group free from halogen atoms such
as fluorine atoms and chlorine atoms.

The alkylene group preferably does not contain any
substituents.

[0519] The alkylene group is preferably a linear or

branched alkylene group optionally having a substituent
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and having 1 to 10 carbon atoms or a cyclic alkylene
group optionally having a substituent and having 3 to 10
carbon atoms, preferably a linear or branched alkylene
group free from carbonyl groups and having 1 to 10 carbon
atoms or a cyclic alkylene group free from carbonyl
groups and having 3 to 10 carbon atoms, more preferably a
linear or branched alkylene group having no substituents
and having 1 to 10 carbon atoms, further preferably a
methylene group (-CH;—-), an ethylene group (-CyHs—), an
isopropylene group (-CH(CH3)CH,-), or a propylene group
(=C3He—) -

[0520] Any two of R'®, R*®, R’®, and R* may be bonded
together to form a ring but preferably do not form a ring.
[0521] In Formula (b), n is an integer of 1 or more, n is
preferably an integer of 1 to 40, more preferably an
integer of 1 to 30, further preferably an integer of 5 to
25, particularly preferably an integer of 5 to 9 or 11 to
25.

[0522] In Formula (b), p and g are each independently an
integer of 1 or more. p is preferably an integer of 0 to
10, more preferably 0 or 1. Preferably, g is an integer
of 0 to 10, more preferably an integer of 0 to 5.

[0523] The sum of n, p, and g are preferably an integer
of 5 or more. The sum of n, p, and g are more preferably
an integer of 8 or more. The sum of n, p, and g are

preferably an integer of 60 or less, more preferably an
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integer of 50 or less, further preferably an integer of
40 or less.

[0524] In Formula (b), X° is H, a metal atom, NR;, an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and R’®s are each H or
an organic group. Four R*®s may be the same as or
different from each other. R’®s are each preferably H or
an organic group having 1 to 10 carbon atoms, more
preferably H or an organic group having 1 to 4 carbon
atoms. Examples of the metal atom include monovalent or
divalent metal atoms such as alkali metals (Group 1) and
alkaline earth metals (Group 2), and the metal atom is
preferably Na, K, or Li. xP may be a metal atom or NR"?,
(where R’”s are each as mentioned above).

X? is preferably H, an alkali metal (Group 1), an
alkaline earth metal (Group 2), or NR&Q, more preferably
H, Na, K, Li, or NH4, for the ease of dissolution in
water, further preferably Na, K, or NH; for further ease
of dissolution in water, particularly preferably Na or
NH,, most preferably NH,; for the ease of removal. When xP
is NHy, the solubility of the surfactant into an aqueous
medium is excellent, and metal components hardly remain
in PTFE or the final product.

[0525] In Formula (b), L is a single bond, -CO,-B-*, -
OCO-B—*, —CONR®®*-B-*, -NR®*CO-B-*, or -CO- (however,

excluding carbonyl groups contained in -CO,-B-, -0CO-B-—,
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—CONR%—B—, and —NR@CO—B—), B is a single bond or an
alkylene group optionally having a substituent and having
1 to 10 carbon atoms, and R®® is H or an alkyl group
optionally having a substituent and having 1 to 4 carbon
atoms. The alkylene group more preferably has 1 to 5
carbon atoms. Further, the R® is more preferably H or a
methyl group. The symbol * represents the side bonded to
—OSO@@ in the formula.

[0526] L. is preferably a single bond.

[0527] The surfactant (b) is preferably a compound

represented by the following formula:

RP—C CRZbQ%L—osogxb

| n

0

wherein Rm, Rﬂﬂ L, n, and X® are defined as

mentioned above.
[0528] The surfactant (b) preferably has an integral
value of the total peak intensity of 10% or more, which
is observed in a chemical shift region of 2.0 to 5.0 ppm
in 'H-NMR spectrum.
[0529] The surfactant (b) preferably has an integral
value of the total peak intensity falling within the
aforementioned range, which is observed in a chemical
shift region of 2.0 to 5.0 ppm in 'H-NMR spectrum. In
this case, the surfactant preferably has a ketone

structure in a molecule.
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[0530] In the surfactant (b), the integral value is more
preferably 15 or more and is preferably 95 or less, more
preferably 80 or less, further preferably 70 or less.
[0531] The integral value is measured in a heavy water
solvent at room temperature. The heavy water is adjusted
to 4.79 ppm.

[0532] Examples of the surfactant (b) include

CH3C (O) CH,CH»CH,CH,CH,CH,CH,CH,CH,0S05Na,

CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,0S0O3Na,

CH5C (O) CH,CH»CH,CH,CH,CH,CH,0S03Na,

CH5C (O) CH,CH,CH,CH,CH,CH,0S0O3Na,

CH5C (0) CH,CH,CH,CH,CH,0S05Na,

CH3C (O) CH,CH,CH,CH,0S05Na,

(CH3) 3CC (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,0SO3Na,

(CH3) ,CHC (O) CH,CH»CH,CH,CH,CH,CH,CH,CH,0S05Na,

(CHz) sCHC (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,0S03sNa,

CH3CH,C (O) CH2,CH,CH,CH,CH,CH,CH,CH,0S05Na,

CH3CH,CH,C (O) CH,CH,CH,CH,CH,CH,CH,0S03Na,

CH3CH,CH,CH,C (O) CH,CH,CH,CH,CH,CH,0S0O3Na,
CH3CH,CH,CH,CH,C (O) CH,CH,CH,CH,CH,0S03Na,

CH3CH,CH,CH,CH,CH,C (O) CH,CH,CH,CH,0S0O3Na,
CH3CH,CH,CH,CH,CH,CH,C (O) CH,CH,CH,0S03Na,
CH3CH,CH,CH,CH,CH,CH,CH,C (O) CH,CH,0SO3Na,
CH3;CH,CH,CH,CH,CH,CH,CH,CH,C (O) CH,0SO3Na,

CH3C (O) CH,CH»CH»CH,CH,CH,CH,CH,CH,OCH,CH,0S03Na,

CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,C (O) NHCH,0SO3Na,

CH3C (O) CH2,CH,CH,CH,CH,CH,CH,CH,CH,NHC (O) CH,0SO3Na,
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CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,C (0) 0SOsNa,

CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,C (0) OCH,0S0;Na,

CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,0C (0) CH,0SO3Na,

CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,0S05H,

CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,0S05Li,

CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,0S03K,

CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,0S05NHy,

CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH (CHs3) ,0S05Na,

CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0S05N
a,

CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0S05Na,
CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0S05Na,
CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0S05Na,

CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0S05Na,

CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0S05Na,

CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0S05Na,

CHsC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0S03Na,

(CH3) 5CC (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0
SOsNa,

(CH3) ,CHC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,
0S0sNa,

(CH,) sCHC (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,
0S0sNa,

CH5CH,C (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0S05N
a,

CH5CH,CH,CH,CH,C (0) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0S05N

ay
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CH3;CH,CH,CH,CH,CH,CH,CH,C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0SO3N
a,
CH3CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,C (O) CH,CH,CH,CH,CH,CH,CH,0SO3N
a,
CH3;CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,C (O) CH,CH,CH,CH,0SO3N
a,

CH5CH,C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0CH,C
H,0S03Na,

CH5CH,C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,C (O) N
HCH,CH,0S03Na,

CH3CH,C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,NHC (O
) CH,CH,0S03Na,

CH3CH,C (0O) CH»,CH»CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,C (O) O
CH,CH,0S05Na,

CH3CH,C (0O) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0C (O)
CH,CH,0S05Na,

CH3CH,C (0O) CH,CH»CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,C (O) O
SO3Na,

CH5CH,C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0S03H,
CH3CH,C (O) CH,CH»CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0SO3L
i,

CH3CH,C (O) CH,CH»CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,0S03K,
CH3CH,C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,OSO3N
Hy4, and

CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH

2CH2CHzoSO3Na .
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[0533] The surfactant (b) is a new compound and can be
produced by the production methods described below as
examples.

[0534] The surfactant (b) can be produced by a production
method including: step (1lb) of obtaining a compound

(11b) represented by the following formula:

R 1b—CH2—|CH4CR2b2)—€OR3b>—<CR4b2>*L—OH
n p q
OH

wherein 1L, R?® to R%ﬂ Rub, n, p, and gq are defined

as mentioned above, by hydroxylating a compound (10b)
represented by the following formula:
R''*"~CH=CH- (CR*";) ,— (OR™) ,— (CR*";) ;~L—OH

wherein R*® to R*®, n, p, and g are defined as

mentioned above, RP

is H, a linear or branched alkyl
group optionally having a substituent and having one or
more carbon atoms, or a cyclic alkyl group optionally
having a substituent and having three or more carbon
atoms and may contain a monovalent or divalent
heterocycle or may form a ring, in the case of having
three or more carbon atoms, L is a single bond, -CO,-B-%*,
—0CO-B-*, —CONR®®-B-*, —-NR®*CO-B-*, or -CO- (however,
excluding carbonyl groups contained in -CO,-B-, -0OCO-B-,
~CONR®*-B-, and -NR®CO-B-), B is a single bond or an
alkylene group optionally having a substituent and having

1 to 10 carbon atoms, R®® is H or an alkyl group

optionally having a substituent and having 1 to 4 carbon
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atoms, and the symbol * represents the side bonded to -OH
in the formula; step (12b) of obtaining a compound (12b)

represented by the following formula:

R Ib—CH2—|C|)*<CRZbgHORstCR%g)*L—OH
n p q
0

wherein L, R?®® to R*, R', n, p, and g are defined
as mentioned above, by oxidizing the compound (11lb); and

step (13b) of obtaining a compound (13b) represented by

the following formula:

R 1b—CH2—|(|)4<CR2b2>—€OR3b>—<CR4b2>*L—0803Xb
n p q
0

wherein L, R?* to RAb, R“b, n, p, g, and X are
defined as mentioned above, by sulfate esterification of
the compound (12b).

[0535] The alkyl group serving as R

is preferably free
from carbonyl groups.

In the alkyl group serving as R''®, 75% or less of
hydrogen atoms bonded to carbon atoms may be substituted
with halogen atoms, 50% or less thereof may be
substituted with halogen atoms, or 25% or less thereof
may be substituted with halogen atoms, but the alkyl
group is preferably a non-halogenated alkyl group free
from halogen atoms such as fluorine atoms and chlorine

atoms.
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The alkyl group preferably does not contain any
substituents.
[0536] R'® is preferably H, a linear or branched alkyl
group optionally having a substituent and having 1 to 9
carbon atoms, or a cyclic alkyl group optionally having a
substituent and having 3 to 9 carbon atoms, more
preferably H, a linear or branched alkyl group free from
carbonyl groups and having 1 to 9 carbon atoms, or a
cyclic alkyl group free from carbonyl groups and having 3
to 9 carbon atoms, further preferably H or a linear or
branched alkyl group having 1 to 9 carbon atoms and
having no substituents, furthermore preferably H, a
methyl group (-CHj3), or an ethyl group (—CyHs),
particularly preferably H or a methyl group (-CHs), most
preferably H.
[0537] The hydroxylation in step (1lb) can be performed,
for example, by a method (1) of allowing iron (II)
phthalocyanine (Fe(Pc)) and sodium borohydride to act on
the compound (10b) in an oxygen atmosphere, or a method
(2) of allowing isopinocampheylborane (IpcBH,;) to act on
the compound (10b), followed by oxidizing an intermediate
(dialkylborane) to be obtained.
[0538] In the method (1), the iron (II) phthalocyanine
can be used in an amount equal to that of catalyst, such
as an amount of 0.001 to 1.2 mol, relative to 1 mol of

the compound (10b).
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[0539] In the method (1), sodium borohydride can be used
in an amount of 0.5 to 20 mol, relative to 1 mol of the
compound (10b) .

[0540] The reaction in the method (1) can be performed in
a solvent. The solvent is preferably an organic solvent,
and examples thereof include ethers, halogenated
hydrocarbons, aromatic hydrocarbons, nitriles, and
nitrogen-containing polar organic compounds.

[0541] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0542] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0543] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0544] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0545] Examples of the nitrogen-containing polar organic
compounds include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,

and 1, 3-dimethyl-2-imidazolidinone. Among these, N,N-
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dimethylformamide, N,N-dimethylacetamide, and N-methyl-2-
pyrrolidone are preferable.

[0546] The reaction temperature in the method (1) 1is
preferably -78 to 200°C, more preferably 0 to 150°C.
[0547] The reaction pressure in the method (1) is
preferably 0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.
[0548] The reaction time in the method (1) is preferably
0.1 to 72 hours, more preferably 0.1 to 48 hours.

[0549] In the method (2), isopinocampheylborane can be
used in an amount of 1.0 to 10.0 mol, relative to 1 mol
of the compound (10b).

[0550] The reaction of the compound (10b) with
isopinocampheylborane can be performed in a solvent. The
solvent is preferably an organic solvent, and examples
thereof include ethers, halogenated hydrocarbons, and
aromatic hydrocarbons.

[0551] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0552] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0553] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and

toluene are preferable.
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[0554] The reaction temperature of the compound (10b)
with isopinocampheylborane is preferably -78 to 200°C,
more preferably 0 to 150°C.

[0555] The reaction pressure of the compound (10b) with
isopinocampheylborane is preferably 0 to 5.0 MPa, more
preferably 0.1 to 1.0 MPa.

[0556] The reaction time of the compound (10b) with
isopinocampheylborane is preferably 0.1 to 72 hours, more
preferably 0.1 to 48 hours.

[0557] The oxidation in the method (2) can be performed
by allowing an oxidant to act on the intermediate.
Examples of the oxidant include hydrogen peroxide. The
oxidant can be used in an amount of 0.7 to 10 mol
relative to 1 mol of the intermediate.

[0558] The oxidation in the method (2) can be performed
in a solvent. Examples of the solvent include water,
methanol, and ethanol. Among these, water is preferable.
[0559] The oxidation temperature in the method (2) is
preferably 0 to 100°C, more preferably 0 to 80°C.

[0560] The oxidation pressure in the method (2) is
preferably 0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.
[0561] The oxidation time in the method (2) is preferably
0.1 to 72 hours, more preferably 0.1 to 48 hours.

[0562] Examples of the method for oxidizing the compound
(11b) in step (12b) include a method (a) of using Jones
reagent (Cr0O3/H;S04) (Jones oxidation), a method (b) of

using Dess—-Martin Periodinane (DMP) (Dess-Martin
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oxidation), a method (c) of using pyridinium
chlorochromate (PCC), a method (d) of allowing a bleach
(about 5 to 6% NaOCl aqueous solution) to act in the
presence of a nickel compound such as NiCl,, and a method
(e) of allowing a hydrogen receptor such as an aldehyde
and a ketone to act in the presence of an aluminum
catalyst such as Al (CHs); and A1[OCH(CHs3):]s (Oppenauer
oxidation).

[0563] The oxidation in step (12b) can be performed in a
solvent. As the solvent, water and an organic solvent
are preferable, and examples thereof include water,
ketones, ethers, halogenated hydrocarbons, aromatic
hydrocarbons, and nitriles.

[0564] Examples of the ketones include acetone, methyl
ethyl ketone, methyl isobutyl ketone, cyclohexanone, and
diacetone alcohol. Among these, acetone is preferable.
[0565] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0566] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0567] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and

toluene are preferable.
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[0568] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0569] The oxidation temperature in step (12b) is
preferably -78 to 200°C and can be appropriately selected
corresponding to the method employed.

[0570] The oxidation pressure in step (12b) is preferably
0 to 5.0 MPa and can be appropriately selected
corresponding to the method employed.

[0571] The oxidation time in step (12b) is preferably 0.1
to 72 hours and can be appropriately selected
corresponding to the method employed.

[0572] The sulfate esterification in step (13b) can be
performed by reacting the compound (12b) with a sulfating
reagent. Examples of the sulfating reagent include
sulfur trioxide amine complexes such as sulfur trioxide
pyridine complex, sulfur trioxide trimethylamine complex,
and sulfur trioxide triethylamine complex, sulfur
trioxide amide complexes such as sulfur trioxide
dimethylformamide complex, sulfuric acid-
dicyclohexylcarbodiimide, chlorosulfuric acid,
concentrated sulfuric acid, and sulfamic acid. The
amount of the sulfating reagent used is preferably 0.5 to
10 mol, more preferably 0.5 to 5 mol, further preferably
0.7 to 4 mol, relative to 1 mol of the compound (12b).
[0573] The sulfate esterification in step (13b) can be

performed in a solvent. The solvent is preferably an
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organic solvent, and examples thereof include ethers,
halogenated hydrocarbons, aromatic hydrocarbons,
pyridines, dimethylsulfoxides, sulfolanes, and nitriles.
[0574] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0575] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0576] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0577] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0578] The sulfate esterification temperature in step
(13b) is preferably -78 to 200°C, more preferably -20 to
150°C.

[0579] The sulfate esterification pressure in step (13b)
is preferably 0 to 10 MPa, more preferably 0.1 to 5 MPa.
[0580] The sulfate esterification time in step (13b) is
preferably 0.1 to 72 hours, more preferably 0.1 to 48

hours.
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[0581] The surfactant (b) can be produced also by a
production method including: step (21b) of obtaining a

compound (21b) represented by the following formula:
1b 2b 3b 4b
R —CA<CR ZHOR HCR 2>~L—OH

[ e

O

wherein 1L, R'® to R%ﬂ n, p, and gq are defined as

mentioned above, by ozonolysis of a compound (20b)

represented by the following formula:
RIb—C*(CR%ZHOR%HCRA'[’Z}*L—OH
[ o " P
CR

wherein L, R'® to R%ﬂ n, p, and gq are defined as

mentioned above, and R10P

is an organic group; and step
(22b) of obtaining a compound (22b) represented by the

following formula:
R‘b—ﬁ%oszzHOR%HoR“bz)fL—osogxb
n P q
0

wherein L, R to R*®, n, p, g, and X° are defined as
mentioned above, by sulfate esterification of the

compound (21Db) .
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[0582] R'"'™® s are each preferably an alkyl group having 1

1oib g may be the same as or

to 20 carbon atoms. Two R
different from each other.
[0583] The ozonolysis in step (21b) can be performed by
allowing ozone to act on the compound (20b), followed by
post—-treatment with a reductant.

[0584] The ozone can be generated by silent discharge in
oxygen gas.

[0585] Examples of the reductant to be used for the post-
treatment include zinc, dimethyl sulfide, thiourea,
phosphines. Among these, phosphines are preferable.
[0586] The ozonolysis in step (21b) can be performed in a
solvent. The solvent is preferably water or an organic
solvent. Examples thereof include water, alcohols,
carboxylic acids, ethers, halogenated hydrocarbons, and
aromatic hydrocarbons.

[0587]Examples of the alcohols include methanol, ethanol,
l-propanol, and isopropanol. Among these, methanol and
ethanol are preferable.

[0588] Examples of the carboxylic acids include acetic
acid and propionic acid. Among these, acetic acid is
preferable.

[0589] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran

are preferable.
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[0590] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0591] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0592] The ozonolysis temperature in step (21b) is
preferably -78 to 200°C, more preferably 0 to 150°C.
[0593] The ozonolysis pressure in step (21b) is
preferably 0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.
[0594] The ozonolysis time in step (21b) is preferably
0.1 to 72 hours, more preferably 0.1 to 48 hours.

[0595] The sulfate esterification in step (22b) can be
performed by reacting the compound (21b) with a sulfating
reagent, and the same conditions as in the sulfate
esterification in step (13b) can be employed therefor.
[0596] The surfactant (b) can be produced also by a
production method including: step (31b) of obtaining a

compound (31b) represented by the following formula:

o
/ \
RZ‘b—CH—oH{CR"’%}—(OR%HCR“%}—L—OH
n o] q

wherein L, R?®® to R*, R?'®, n, p, and g are defined
as mentioned above, by epoxidizing a compound (30b)
represented by the following formula:

R*'"~CH=CH- (CR*";) ,— (OR™) ,— (CR*";) ;~L—OH
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wherein 1L, R?® to R%ﬂ n, p, and gq are defined as

mentioned above, R21P

is H, a linear or branched alkyl
group optionally having a substituent and having one or
more carbon atoms, or a cyclic alkyl group optionally
having a substituent and having three or more carbon
atoms and may contain a monovalent or divalent
heterocycle or may form a ring, in the case of having

three or more carbon atoms; step (32b) of obtaining a

compound (32b) represented by the following formula:

R2'P— CH CH{CR2b H0R3bHcR4b )—L—OH

R OH
wherein 1L, R?® to Rﬂb, RZHZ IﬁZb, n, p, and g are
defined as mentioned above, by reacting the compound
(31b) with a dialkylcopper lithium represented by:
R??P,cuLi

wherein R??°

s are each a linear or branched alkyl
group optionally having a substituent and having one or
more carbon atoms or a cyclic alkyl group optionally
having a substituent and having three or more carbon
atoms and may contain a monovalent or divalent
heterocycle or may form a ring, in the case of having

three or more carbon atoms; step (33b) of obtaining a

compound (33b) represented by the following formula:

R2"P—cH— C%CRZbHOR?’b)—(CR% >7L—OH

Izzb ||
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wherein L, R*® to R*", R?®, rR??

, , n, p, and g are
defined as mentioned above, by oxidizing the compound
(32b); and step (34b) of obtaining a compound (34b)

represented by the following formula:

R2'"P—gH— C‘(GRZbgHOR%HCR%Q —0S0;X°

|22b ||

wherein L, R*® to R*", R?®, rR??

P , n, p, 9, and X are
defined as mentioned above, by sulfate esterification of
the compound (33b).

[0597] The alkyl group serving as R*'®

is preferably free
from carbonyl groups.

In the alkyl group serving as R**®, 75% or less of
hydrogen atoms bonded to carbon atoms may be substituted
with halogen atoms, 50% or less thereof may be
substituted with halogen atoms, or 25% or less thereof
may be substituted with halogen atoms, but the alkyl
group is preferably a non-halogenated alkyl group free
from halogen atoms such as fluorine atoms and chlorine
atoms.

The alkyl group preferably does not contain any
substituents.

[0598] R*'® ig preferably H, a linear or branched alkyl
group optionally having a substituent and having 1 to 8
carbon atoms, or a cyclic alkyl group optionally having a

substituent and having 3 to 8 carbon atoms, more

preferably H, a linear or branched alkyl group free from
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carbonyl groups and having 1 to 8 carbon atoms, or a
cyclic alkyl group free from carbonyl groups and having 3
to 8 carbon atoms, further preferably H or a linear or
branched alkyl group having no substituents and having 1
to 8 carbon atoms, particularly preferably H or a methyl
group (—CHsz), most preferably H.

22b

[0599] The alkyl group serving as each R is preferably

free from carbonyl groups.

In the alkyl group serving as each R**®, 75% or less
of hydrogen atoms bonded to carbon atoms may be
substituted with halogen atoms, 50% or less thereof may
be substituted with halogen atoms, or 25% or less thereof
may be substituted with halogen atoms, but the alkyl
group 1is preferably a non-halogenated alkyl group free
from halogen atoms such as fluorine atoms and chlorine
atoms.

The alkyl group preferably does not contain any
substituents.

[0600] R°?’s are each preferably a linear or branched
alkyl group optionally having a substituent and having 1
to 9 carbon atoms or a cyclic alkyl group optionally
having a substituent and having 3 to 9 carbon atoms, more
preferably a linear or branched alkyl group free from
carbonyl groups and having 1 to 9 carbon atoms or a
cyclic alkyl group free from carbonyl groups and having 3
to 9 carbon atoms, further preferably a linear or

branched alkyl group having 1 to 9 carbon atoms and
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having no substituents, particularly preferably a methyl
group (—CH3) or an ethyl group (-CyHs), most preferably a
methyl group (-CHj).

[0601] Two R?%Pg may be the same as or different from each
other.

[0602] R**® and R?**"s preferably have 1 to 7 carbon atoms,
more preferably 1 to 2, most preferably 1, in total.
[0603] The epoxidation in step (31b) can be performed by
allowing an epoxidizing agent to act on the compound
(30b) .

[0604] Examples of the epoxidizing agent include peracids
such as metachloroperbenzoic acid (m-CPBA), perbenzoic
acid, hydrogen peroxide, and tert-butyl hydroperoxide,
dimethyldioxirane, and methyltrifluoromethyldioxirane.
Among these, peracids are preferable, and
metachloroperbenzoic acid is more preferable. The
epoxidizing agent can be used in an amount of 0.5 to 10.0
mol relative to 1 mol of the compound (30Db).

[0605] The epoxidation in step (31b) can be performed in
a solvent. The solvent is preferably an organic solvent,
and examples thereof include ketones, ethers, halogenated
hydrocarbons, aromatic hydrocarbons, nitriles, pyridines,
nitrogen-containing polar organic compounds, and
dimethylsulfoxides. Among these, dichloromethane is

preferable.
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[0606] Examples of the ketones include acetone, methyl
ethyl ketone, methyl isobutyl ketone, cyclohexanone, and
diacetone alcohol. Among these, acetone is preferable.
[0607] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0608] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0609] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0610] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0611] Examples of the nitrogen-containing polar organic
compounds include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,
and 1, 3-dimethyl-2-imidazolidinone. Among these, N,N-
dimethylformamide, N,N-dimethylacetamide, and N-methyl-2-
pyrrolidone are preferable.

[0612] The epoxidation temperature in step (31b) is
preferably -78 to 200°C, more preferably -40 to 150°C.
[0613] The epoxidation pressure in step (31b) is

preferably 0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.
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[0614] The epoxidation time in step (31b) is preferably
0.1 to 72 hours, more preferably 0.1 to 48 hours.

[0615] The dialkylcopper lithium can be used in step
(32b) in an amount of 0.5 to 10.0 mol relative to 1 mol
of the compound (31b).

[0616] The reaction in step (32b) can be performed in a
solvent. The solvent is preferably an organic solvent,
and examples thereof include ethers, halogenated
hydrocarbons, and aromatic hydrocarbons.

[0617] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0618] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0619] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0620] The reaction temperature in step (32b) is
preferably -78 to 200°C, more preferably -40 to 150°C.
[0621] The reaction pressure in step (32b) is preferably
0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.

[0622] The reaction time in step (32b) is preferably 0.1

to 72 hours, more preferably 0.1 to 48 hours.
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[0623] Examples of the method for oxidizing the compound
(32b) in step (33b) include a method (a) of using Jones
reagent (Cr03/H,S04) (Jones oxidation), a method (b) of
using Dess-Martin Periodinane (DMP) (Dess—-Martin
oxidation), a method (c) of using pyridinium
chlorochromate (PCC), a method (d) of allowing a bleach
(about 5 to 6% NaOCl aqueous solution) to act in the
presence of a nickel compound such as NiCl,, and a method
(e) of allowing a hydrogen receptor such as an aldehyde
and a ketone to act in the presence of an aluminum
catalyst such as Al (CHs); and A1[OCH(CHs3):]s (Oppenauer
oxidation) .

[0624] The oxidation in step (33b) can be performed in a
solvent. As the solvent, water and an organic solvent
are preferable, and examples thereof include water,
ketones, alcohols, ethers, halogenated hydrocarbons,
aromatic hydrocarbons, and nitriles.

[0625] Examples of the ketones include acetone, methyl
ethyl ketone, methyl isobutyl ketone, cyclohexanone, and
diacetone alcohol. Among these, acetone is preferable.
[0626]Examples of the alcohols include methanol, ethanol,
l-propanol, and isopropanol. Among these, methanol and
ethanol are preferable.

[0627] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran

are preferable.
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[0628] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0629] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0630] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0631] The oxidation temperature in step (33b) is
preferably -78 to 200°C and can be appropriately selected
corresponding to the method employed.

[0632] The oxidation pressure in step (33b) is preferably
0 to 5.0 MPa and can be appropriately selected
corresponding to the method employed.

[0633] The oxidation time in step (33b) is preferably 0.1
to 72 hours and can be appropriately selected
corresponding to the method employed.

[0634] The sulfate esterification in step (34b) can be
performed by reacting the compound (33b) with a sulfating
reagent, and the same conditions as in the sulfate
esterification in step (13b) can be employed therefor.
[0635] The surfactant (b) can be produced also by a
production method including: step (41b) of obtaining a

compound (41b) represented by the following formula:
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R''"°—CH Z—ﬁ:{c R2b2>—€o R3bHC R4b2>7L—OH
n p q
0

wherein L, R?®® to R*, R', n, p, and g are defined
as mentioned above, by oxidizing the compound (10b)
represented by the following formula:
R''"P-CH=CH- (CR*®;) ,— (OR?) ,— (CR*";) (—~L—-OH

wherein L, R?® to R%ﬂ Rub, n, p, and gq are defined
as mentioned above; and step (42b) of obtaining a

compound (42b) represented by the following formula:

R''"° —CH,— *(CRZbHORstCR% )—L 0S0,x°

wherein L, R?® to RAb, R“b, n, p, g, and x° are
defined as mentioned above, by sulfate esterification of
the compound (41b).
[0636] The oxidation in step (41b) can be performed by
allowing an oxidant to act on the compound (10b) in the
presence of water and a palladium compound.
[0637] Examples of the oxidant include monovalent or
divalent copper salts such as copper chloride, copper
acetate, copper cyanide, and copper trifluoromethanethiol,
iron salts such as iron chloride, iron acetate, iron
cyanide, iron trifluoromethanethiol, and hexacyanoiron,
benzoguinones such as 1,4-benzogquinone, 2,3-dichloro-5, 6-
dicyano-1,4-benzoquinone, tetrachloro-1,2-benzoquinone,

and tetrachloro-1,4-benzoquinone, H;0,, MnO;, KMnO,, RuO,,
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m-chloroperbenzoic acid, and oxygen. Among these, copper
salts, iron salts, and benzogquinones are preferable, and
copper chloride, iron chloride, and 1,4-benzoquinone are
more preferable.

The oxidant can be used in an amount of 0.001 to 10
mol, relative to 1 mol of the compound (10b).
[0638] The water can be used in an amount of 0.5 to 1000
mol, relative to 1 mol of the compound (10b).
[0639] Examples of the palladium compound include
palladium dichloride. The palladium compound can be used
in an amount equal to that of catalyst, such as an amount
of 0.0001 to 1.0 mol, relative to 1 mol of the compound
(10b) .
[0640] The oxidation in step (41b) can be performed in a
solvent. Examples of the solvent include water, esters,
aliphatic hydrocarbons, aromatic hydrocarbons, alcohols,
carboxylic acids, ethers, halogenated hydrocarbons,
nitrogen-containing polar organic compounds, nitriles,
dimethylsulfoxides, and sulfolanes.
[0641] Examples of the esters include ethyl acetate,
butyl acetate, ethylene glycol monomethyl ether acetate,
and propylene glycol monomethyl ether acetate (PGMEA,
also known as l-methoxy —-2-acetoxypropane). Among these,
ethyl acetate is preferable.
[0642] Examples of the aliphatic hydrocarbons include

hexane, cyclohexane, heptane, octane, nonane, decane,
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undecane, dodecane, and petroleum spirit. Among these,
cyclohexane and heptane are preferable.

[0643] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0644] Examples of the alcohol include methanol, ethanol,
l-propanol, and isopropanol.

[0645] Examples of the carboxylic acids include acetic
acid and propionic acid. Among these, acetic acid is
preferable.

[0646] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0647] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0648] Examples of the nitrogen-containing polar organic
compounds include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,
and 1,3-dimethyl-2-imidazolidinone. Among these, N,N-
dimethylformamide, N,N-dimethylacetamide, and N-methyl-2-
pyrrolidone are preferable.

[0649] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and

benzonitrile. Among these, acetonitrile is preferable.
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[0650] The oxidation temperature in step (41lb) 1is
preferably -78 to 200°C, more preferably -20 to 150°C.
[0651] The oxidation pressure in step (41b) is preferably
0 to 10 MPa, more preferably 0.1 to 5.0 MPa.

[0652] The oxidation time in step (41lb) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0653] The sulfate esterification in step (42b) can be
performed by reacting the compound (41b) with a sulfating
reagent, and the same conditions as in the sulfate
esterification in step (13b) can be employed therefor.
[0654] The surfactant (b) can be produced also by a
production method including: step (51) of obtaining the
compound (51) represented by the following formula:
RMP_CH=CH- (CR?®,) 7P

11
Rb

wherein R?, , and n are defined as mentioned

°® {5 a halogen atom, by reacting a compound

above, and 7Z
(50) represented by the following formula:
R'P-CH=CH- (CR?";) ,~OH

R“b, and n are defined as mentioned

wherein R%,
above, with a halogenating agent; step (52) of obtaining
a compound (52) represented by the following formula:
R''""—CH=CH- (CR*®;) ,~O-R’-L-OH

wherein 1L, R%, R%, R“b, and n are defined as
mentioned above, by reacting the compound (51) with an

alkylene glycol represented by:

HO-R**-1-0H



- 195 -

wherein L and R are defined as mentioned above;
step (53) of obtaining a compound (53) represented by the

following formula:

R' 1b—CHg—ﬁ%CRZbg*O—-R%—L—OH
o

wherein L, R?®, R®®, R!''™, and n are defined as
mentioned above, by oxidizing the compound (52); and step
(54) of obtaining a compound (54) represented by the

following formula:

R' ‘b—CH2—W{CR%Q}O—R%—L—OS%X"

0O

wherein L, R?®, R®, R''™P, n, and X® are defined as
mentioned above, by sulfate esterification of the
compound (53).
[0655] z°'® is preferably F, Cl, Br, or I, more preferably
Br.
[0656] Examples of the halogenating agent to be used in
step (51) include N-bromosuccinimide and N-
chlorosuccinimide.

The halogenating agent can be used in an amount of
0.5 to 10.0 mol, relative to 1 mol of the compound (50).
[0657] The reaction in step (51) can be performed in the
presence of phosphines such as triphenylphosphine.
The phosphines can be used in an amount of 0.5 to 10.0

mol, relative to 1 mol of the compound (50).
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[0658] The reaction in step (51) can be performed in a
solvent. The solvent is preferably an organic solvent,
and examples thereof include ethers, halogenated
hydrocarbons, and aromatic hydrocarbons.

[0659] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0660] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0661] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0662] The reaction temperature in step (51) is
preferably -78 to 200°C, more preferably -40 to 150°C.
[0663] The reaction pressure in step (51) is preferably O
to 5.0 MPa, more preferably 0.1 to 1.0 MPa.

[0664] The reaction time in step (51) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0665] In step (52), the alkylene glycol can be used in
an amount of 0.5 to 10.0 mol, relative to 1 mol of the
compound (51).

[0666] The reaction in step (52) can be performed in the
presence of a base. Examples of the base include sodium

hydride, sodium hydroxide, and potassium hydroxide.
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The base can be used in an amount of 0.5 to 10.0 mol,
relative to 1 mol of the compound (51).
[0667] The reaction in step (52) can be performed in a
solvent. The solvent is preferably an organic solvent,
and examples thereof include nitrogen-containing polar
organic compounds, ethers, halogenated hydrocarbons, and
aromatic hydrocarbons.
[0668] Examples of the nitrogen-containing polar organic
compounds include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,
and 1, 3-dimethyl-2-imidazolidinone. Among these, N,N-
dimethylformamide, N,N-dimethylacetamide, and N-methyl-2-
pyrrolidone are preferable.
[0669] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.
[0670] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.
[0671] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.
[0672] The reaction temperature in step (52) is

preferably -78 to 200°C, more preferably -40 to 150°C.
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[0673] The reaction pressure in step (52) is preferably 0
to 5.0 MPa, more preferably 0.1 to 1.0 MPa.

[0674] The reaction time in step (52) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0675] The oxidation in step (53) can be performed by
allowing an oxidant to act on the compound (52) in the
presence of water and a palladium compound, and the same
conditions as in the oxidation in step (41) can be
employed therefor.

[0676] The sulfate esterification in step (54) can be
performed by reacting the compound (53) with a sulfating
reagent, and the same conditions as in the sulfate
esterification in step (13) can be employed therefor.
[0677] In any of the aforementioned production methods,
the solvent may be distilled off, evaporated, or purified
after the completion of each step, so as to enhance the
purity of the compound to be obtained. Further, when the
compound to be obtained has a group represented by —-0SO3H
(that is, when X is H), —-0SO3H can be converted into a
sulfate group by contact with an alkali such as sodium
carbonate and ammonia.

[0678]Among the methods for producing the surfactant (b),
the production method including steps (41b) and (42b) is
preferable.

[0679] The surfactant (c) will be described.
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[0680] In Formula (c), R'® is a linear or branched alkyl
group having one or more carbon atoms or a cyclic alkyl
group having three or more carbon atoms.

The alkyl group may contain a carbonyl group (-
C(=0)-) between two carbon atoms in the case of having
three or more carbon atoms. Further, the alkyl group can
also contain the carbonyl group at an end of the alkyl
group in the case of having two or more carbon atoms.
That is, acyl groups such as an acetyl group represented
by CH;-C(=0)- are also included in the alkyl group.

Further, the alkyl group can contain a monovalent or
divalent heterocycle or can also form a ring in the case
of having three or more carbon atoms. The heterocycle is
preferably an unsaturated heterocycle, more preferably an
oxygen—-containing unsaturated heterocycle, and examples
thereof include a furan ring. In R'®, a divalent
heterocycle may be inserted between two carbon atoms, a
divalent heterocycle may be located at an end and bonded
to -C(=0)-, or a monovalent heterocycle may be located at
an end of the alkyl group.

[0681] In this description, "the number of carbon atoms"
of the alkyl group includes the number of carbon atoms
forming the carbonyl group and the number of carbon atoms
forming the heterocycle. For example, a group
represented by CH3-C(=0)-CH,— has 3 carbon atoms, a group

represented by CH;-C(=0)-C,H,—C (=0)-C,Hs~— has 7 carbon
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atoms, and a group represented by CH;-C(=0)- has 2 carbon
atoms.

[0682] In the alkyl group, a hydrogen atom bonded to a
carbon atom may be substituted with a functional group,
such as a monovalent organic group containing a hydroxy
group (—-0OH) or an ester bond, but is preferably not
substituted with any functional groups.

Examples of the monovalent organic group containing
an ester bond include a group represented by the formula:
-0-C (=0) -R'%!¢, wherein R'*'°® is an alkyl group.

In the alkyl group, 75% or less of hydrogen atoms
bonded to carbon atoms may be substituted with halogen
atoms, 50% or less thereof may be substituted with
halogen atoms, or 25% or less thereof may be substituted
with halogen atoms, but the alkyl group is preferably a
non—-halogenated alkyl group free from halogen atoms such
as fluorine atoms and chlorine atoms.

[0683] In the formula(c), R*°s and R’ are each
independently a single bond or a divalent linking group.
R*°s and R’° are preferably each independently a
single bond, a linear or branched alkylene group having
one or more carbon atoms, or a cyclic alkylene group

having three or more carbon atoms.

The alkylene group forming R*°s and R’° is preferably
free from carbonyl groups.

[0684] In the alkylene group, a hydrogen atom bonded to a

carbon atom may be substituted with a functional group,
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such as a monovalent organic group containing a hydroxy
group (-OH) or an ester bond, but is preferably not
substituted with any functional groups.

Examples of the monovalent organic group containing
an ester bond include a group represented by the formula:
-0-C (=0) -R'%%¢, wherein R'°?° is an alkyl group.

In the alkylene group, 75% or less of hydrogen atoms
bonded to carbon atoms may be substituted with halogen
atoms, 50% or less thereof may be substituted with
halogen atoms, or 25% or less thereof may be substituted
with halogen atoms, but the alkyl group is preferably a
non—halogenated alkylene group free from halogen atoms
such as fluorine atoms and chlorine atoms.

[0685] R'®, R?°, and R’° have 5 or more carbon atoms in
total. The total number of carbon atoms is preferably 7
or more, more preferably 9 or more, and is preferably 20
or less, more preferably 18 or less, further preferably
15 or less.

Any two of R'®, R*®, and R’ may be bonded together to
form a ring.

[0686] In Formula (c), A® is —-COOX® or -S03X° (where X° is
H, a metal atom, NR“}, an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and

R*°s are each H or an organic group and may be the same

as or different from each other). R'°s are each

preferably H or an organic group having 1 to 10 carbon
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atoms, more preferably H or an organic group having 1 to
4 carbon atoms. Examples of the metal atom include
monovalent or divalent metal atoms such as alkali metals
(Group 1) and alkaline earth metals (Group 2), and the
metal atom is preferably Na, K, or Li.

X° is preferably H, an alkali metal (Group 1), an
alkaline earth metal (Group 2), or NR“Q, more preferably
H, Na, K, Li, or NHy4 for the ease of dissolution in water,
further preferably Na, K, or NHy; for further ease of
dissolution in water, particularly preferably Na or NHg,
most preferably NH, for the ease of removal. When X° is
NH4, the solubility of the surfactant into an aqueous
medium is excellent, and metal components hardly remain
in PTFE or the final product.

[0687] R'® is preferably a linear or branched alkyl group
free from carbonyl groups and having 1 to 8 carbon atoms,
a cyclic alkyl group free from carbonyl groups and having
3 to 8 carbon atoms, a linear or branched alkyl group
containing 1 to 10 carbonyl groups and having 2 to 45
carbon atoms, a cyclic alkyl group containing a carbonyl
group and having 3 to 45 carbon atoms, or an alkyl group
having 3 to 45 carbon atoms and containing a monovalent
or divalent heterocycle.

[0688] Further, R'® is more preferably a group represented

by the following formula:
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R11c C R120\
g 2410

© is an integer of 0 to 10, R''© is a

wherein n'’
linear or branched alkyl group having 1 to 5 carbon atoms
or a cyclic alkyl group having 3 to 5 carbon atoms, R'*°s
are each an alkylene group having 0 to 3 carbon atoms,
and R™*°s may be the same as or different from each other

when n'lc

is an integer of 2 to 10.

[0689] n''® is preferably an integer of 0 to 5, more
preferably an integer of 0 to 3, further preferably an
integer of 1 to 3.

llc

[0690] The alkyl group serving as R is preferably free

from carbonyl groups. In the alkyl group serving as R'S,
a hydrogen atom bonded to a carbon atom may be
substituted with a functional group, such as a monovalent
organic group containing a hydroxy group (-OH) or an
ester bond, but the alkyl group is preferably not
substituted with any functional groups. Examples of the
monovalent organic group containing an ester bond include
a group represented by the formula: —O—C(=O)—Rw3ﬂ

wherein R?%¢

is an alkyl group. In the alkyl group
serving as R''¢, 75% or less of hydrogen atoms bonded to
carbon atoms may be substituted with halogen atoms, 50%
or less thereof may be substituted with halogen atoms, or

25% or less thereof may be substituted with halogen atoms,

but the alkyl group is preferably a non-halogenated alkyl
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group free from halogen atoms such as fluorine atoms and
chlorine atoms.

[0691] R'*® is an alkylene group having 0 to 3 carbon
atoms. The number of carbon atoms is preferably 1 to 3.

12c¢c

The alkylene group serving as R may be linear or

branched. The alkylene group serving as R'° is

RlZc

preferably free from carbonyl groups. is more

preferably an ethylene group (-CyH;—) or a propylene
group (-CsH¢—). In the alkylene group serving as R*°, a
hydrogen atom bonded to a carbon atom may be substituted
with a functional group such as a monovalent organic
group containing a hydroxy group (-OH) or an ester bond,
but the alkylene group is preferably not substituted with
any functional groups. Examples of the monovalent
organic group containing an ester bond include a group
represented by the formula: -0-C(=0)-R'%*¢, wherein R'%‘c
is an alkyl group. In the alkylene group serving as Ruc,
75% or less of hydrogen atoms bonded to carbon atoms may
be substituted with halogen atoms, 50% or less thereof
may be substituted with halogen atoms, or 25% or less
thereof may be substituted with halogen atoms, but the
alkylene group is preferably a non-halogenated alkylene
group free from halogen atoms such as fluorine atoms and
chlorine atoms.

[0692] R’ and R’° are preferably each independently an

alkylene group free from carbonyl groups and having one

or more carbon atoms, more preferably an alkylene group
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free from carbonyl groups and having 1 to 3 carbon atoms,
further preferably an ethylene group (-CyHy4—) or a
propylene group (—CsHg—).

[0693] Examples of the surfactant (c) can include the
following surfactants. In each formula, A° is defined as

mentioned above.

[0694]
0]
/\/\)H(AC /V\"/\[(AC
0] O O
0]
MAC MAC
0] 0] 0]
O 0] 0)
MAC M{AC
O 0]
0] O
MAC
0]
@) 0]
MAG )‘\/\’(\WAG
O O O O
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[0698]
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[0702] The surfactant (c) is a new compound and can be
produced by the production methods described below as
examples.

[0703] The surfactant (c) can be suitably produced by a
production method including: step (1llc) of obtaining a

compound (llc) represented by the formula:

R201c3_ﬁ_R30_CH2_OEc
O
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wherein R, R?°!°, and E° are defined as mentioned

above, by reacting a compound (10c) represented by the

formula:

wherein R*® is defined as mentioned above, and E€ is
a leaving group, with lithium and a chlorosilane compound
represented by the formula:
rR?%¢ 5i-C1

wherein R?0%°

s are each independently an alkyl group
or an aryl group; step (12c) of obtaining a compound

(12c) represented by the formula:

1c 21¢c
R"™C—R
| \/\C—R3°—CH2—OE°
o)
0

wherein RS, R?'°, R’°, and E° are defined as mentioned
above, by reacting the compound (llc) with an olefin

represented by the formula:

R1C_ﬁ_R210/

wherein R'® is defined as mentioned above, and R?*'¢ is
a single bond or a divalent linking group; step (13c) of

obtaining a compound (13c) represented by the formula:



wherein R, R?° and R’ are defined as mentioned
above by eliminating the leaving group contained in the
compound (12c); and step (l4c) of obtaining a compound

(l4c) represented by the formula:

R?'¢, and R’® are defined as mentioned

wherein RS,
above, by oxidizing the compound (13c).
[0704] When R'® contains a furan ring, the furan ring may
be opened, for example, using an acid and converted into
a dicarbonyl derivative. Examples of the acid include
acetic acid, hydrochloric acid, and p-toluene sulfone.
Among these, acetic acid is preferable.
[0705] In step (llc), the compound (llc) is preferably
obtained by reacting lithium with the chlorosilane
compound in advance to obtain a siloxylithium compound
and thereafter reacting the siloxylithium compound with
the compound (10c).
[0706] E° represents a leaving group. Examples of the
leaving group include a tert-butyldimethylsilyl (TBS)

group, a triethylsilyl (TES) group, a triisopropylsilyl
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(TIPS) group, a tert-butyldiphenylsilyl (TBDPS) group,

and a benzyl (Bn) group.

[0707] R*'® is preferably a single bond or a linear or
branched alkylene group having one or more carbon atoms.

[0708] Examples of the chlorosilane compound include:

/SI

O

7 o S %/Si/ o %*é

[0709] A1l the reactions in step (1llc) can be carried out

N © C 2 Si/C' -

I
Cl
Si/
in a solvent. The solvent is preferably an organic
solvent, more preferably a polar aprotic solvent, further
preferably an ether. Examples of the ether include ethyl
methyl ether, diethyl ether, monoglyme (ethylene glycol
dimethyl ether), diglyme(diethylene glycol dimethyl
ether), triglyme(triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl

ether), and crown ether (15-crown-5,18-crown-6). Among

these, tetrahydrofuran and diethyl ether are preferable.
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[0710] The reaction temperature of lithium with the
chlorosilane compound in step (llc) is preferably -78 to
100°C, more preferably 10 to 40°C.

The reaction temperature of the siloxylithium
compound with the compound (10c) in step (llc) is
preferably -100 to 0°C, more preferably -80 to —-50°C.
[0711] The reaction pressure of lithium with the
chlorosilane compound in step (llc) is preferably 0.1 to
5 MPa, more preferably 0.1 to 1 MPa.

The reaction pressure of the siloxylithium compound
with the compound (10c) in step (1llc) is preferably 0.1
to 5 MPa, more preferably 0.1 to 1 MPa.

[0712] The reaction time of lithium with the chlorosilane
compound in step (llc) is preferably 0.1 to 72 hours,
more preferably 6 to 10 hours.

The reaction time of the siloxylithium compound with
the compound (10c) in step (1llc) is preferably 0.1 to 72
hours, more preferably 1 to 2 hours.

[0713] For a reaction ratio of the compound (llc) with
the olefin in step (12c), the amount of the olefin is
preferably 1 to 2 mol, more preferably 1 to 1.1 mol,
relative to 1 mol of the compound (llc), in consideration
of yield improvement and waste reduction.

[0714] The reaction in step (12c) can be performed in a

solvent in the presence of a thiazolium salt and a base.
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[0715] Examples of the thiazolium salt include 3-ethyl-5-
(2-hydroxyethyl)-4-methylthiazolium bromide and 3-benzyl-
5-(2-hydroxyethyl)-4-methylthiazolium chloride.

[0716] Examples of the base include 1, 8-
diazabicyclo[5.4.0]-7-undecene and triethylamine.

[0717] The solvent is preferably an organic solvent, more
preferably a polar aprotic solvent, further preferably an
alcohol or an ether.

[0718] Examples of the alcohol include methanol, ethanol,
l-propanol, and isopropanol.

[0719] Examples of the ether include ethyl methyl ether,
diethyl ether, monoglyme (ethylene glycol dimethyl ether),
diglyme (diethylene glycol dimethyl ether),

triglyme (triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl
ether), and crown ether (l15-crown-5,18-crown-6). Among
these, tetrahydrofuran and diethyl ether are preferable.
[0720] The reaction temperature in step (12c) 1is
preferably 40 to 60°C, more preferably 50 to 55°C.

[0721] The reaction pressure in step (12c) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0722] The reaction time in step (12c) is preferably 0.1
to 72 hours, more preferably 6 to 10 hours.

[0723] The elimination reaction of the leaving group in
step (13c) can be performed using a fluoride ion or an
acid. Examples of the method for eliminating the leaving

group include a method of using hydrofluoric acid, a
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method of using an amine complex of a hydrogen fluoride
such as pyridine-nHF and triethylamine-nHF, a method of
using an inorganic salt such as cesium fluoride,
potassium fluoride, lithium borofluoride (LiBF4), and
ammonium fluoride, and a method of using an organic salt
such as tetrabutylammonium fluoride (TBAF).

[0724] The elimination reaction of the leaving group in
step (13c) can be performed in a polar solvent. The
solvent is preferably an organic solvent, more preferably
a polar aprotic solvent, further preferably an ether.
[0725] Examples of the ether include ethyl methyl ether,
diethyl ether, monoglyme (ethylene glycol dimethyl ether),
diglyme (diethylene glycol dimethyl ether),

triglyme (triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl
ether), and crown ether (l15-crown-5,18-crown-6). Among
these, tetrahydrofuran and diethyl ether are preferable.
[0726] The reaction temperature in step (13c) is
preferably 0 to 40°C, more preferably 0 to 20°C.

[0727] The reaction pressure in step (13c) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0728] The reaction time in step (13c) is preferably 0.1
to 72 hours, more preferably 3 to 8 hours.

[0729] The oxidation in step (l4c) can be performed in a
solvent in the presence of sodium chlorite.

[0730] Examples of the solvent that can be used include

water and alcohols such as methanol, ethanol, l-propanol,
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isopropanol, l-butanocl, and tert-butyl alcohol. The
buffer to be used may be a disodium hydrogen phosphate
solution.

[0731] The compound (14c) may be brought into contact
with an alkali to convert -COOH into a salt form.
Examples of the alkali include sodium hydroxide,
potassium hydroxide, lithium hydroxide, and ammonia. Use
of an ammonia aqueous solution is preferable.

[0732] The solvent may be distilled off, evaporated, or
purified after the completion of each step, so as to
enhance the purity of the compound to be obtained.
[0733] The surfactant (c) can be suitably produced by a
production method including: step (21c) of obtaining a

compound (21c) represented by the formula:

R1 c_ﬁ_R24c_ﬁ_R3c_CH2_OEc
O O

wherein R'®, R®®, and E° are defined as mentioned

24c

above, and R is a single bond or a divalent linking

group, by reacting a ketone represented by the formula:

RZZC_ﬁ_R%_CHz_OEc
O

wherein R*® is defined as mentioned above, R??° is a

monovalent organic group, and E° is a leaving group, with

a carboxylic acid ester represented by the formula:



wherein R'® is defined as mentioned above, and R?%¢ 1is

a monovalent organic group; step (22c) of obtaining a
compound (22c) represented by the formula:
R1 c_ﬁ_R24c_ﬁ_R30_CH2_OH

0] o)

wherein R'®, R?!¢, and R’® are defined as mentioned
above, by eliminating the leaving group contained in the

compound (21c); and step (23c) of obtaining a compound

(23c) represented by the formula:

0
I

R1 C_|C|)_R24C_|C|>_R3C_C —OH

0] O

wherein R'¢, R?!¢, and R’® are defined as mentioned
above, by oxidizing the compound (22c).
[0734] When R'® contains a furan ring, the furan ring may
be opened, for example, using an acid and converted into
a dicarbonyl derivative. Examples of the acid include
acetic acid, hydrochloric acid, and p-toluene sulfone.
Among these, acetic acid is preferable.
[0735] E° represents a leaving group. Examples of the
leaving group include a tert-butyldimethylsilyl (TBS)

group, a triethylsilyl (TES) group, a triisopropylsilyl



- 221 -

(TIPS) group, a tert-butyldiphenylsilyl (TBDPS) group,
and a benzyl (Bn) group.

[0736] R**® is preferably a linear or branched alkyl group
having one or more carbon atoms, more preferably a methyl
group.

R**° is preferably a linear or branched alkyl group
having one or more carbon atoms, more preferably a methyl
group.

R*‘® is preferably a linear or branched alkylene
group having one or more carbon atoms, more preferably a
methylene group (—-CH;-).

[0737] The reaction in step (21c) can be performed in a
solvent in the presence of a base.

[0738] Examples of the base include sodium amide, sodium
hydride, sodium methoxide, and sodium ethoxide.

[0739] The solvent is preferably an organic solvent, more
preferably a polar aprotic solvent, further preferably an
alcohol or an ether.

[0740] Examples of the alcohol include methanol, ethanol,
l-propanol, and isopropanol.

[0741] Examples of the ether include ethyl methyl ether,
diethyl ether, monoglyme (ethylene glycol dimethyl ether),
diglyme (diethylene glycol dimethyl ether),

triglyme (triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl
ether), and crown ether (l15-crown-5,18-crown-6). Among

these, tetrahydrofuran and diethyl ether are preferable.
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[0742] The reaction temperature in step (21c) is
preferably 0 to 40°C, more preferably 0 to 20°C.

[0743] The reaction pressure in step (21c) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0744] The reaction time in step (21c) is preferably 0.1
to 72 hours, more preferably 3 to 8 hours.

[0745] The elimination reaction of the leaving group in
step (22c) can be performed using a fluoride ion or an
acid. Examples of the method for eliminating the leaving
group include a method of using hydrofluoric acid, a
method of using an amine complex of a hydrogen fluoride
such as pyridine-nHF and triethylamine-nHF, a method of
using an inorganic salt such as cesium fluoride,
potassium fluoride, lithium borofluoride (LiBF4), and
ammonium fluoride, and a method of using an organic salt
such as tetrabutylammonium fluoride (TBAF).

[0746] The elimination reaction of the leaving group in
step (22c) can be performed in a solvent. The solvent is
preferably an organic solvent, more preferably a polar
aprotic solvent, further preferably an ether.

[0747] Examples of the ether include ethyl methyl ether,
diethyl ether, monoglyme (ethylene glycol dimethyl ether),
diglyme (diethylene glycol dimethyl ether),

triglyme (triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl
ether), and crown ether (l15-crown-5,18-crown-6). Among

these, tetrahydrofuran and diethyl ether are preferable.
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[0748] The reaction temperature in step (22c) is
preferably 0 to 40°C, more preferably 0 to 20°C.

[0749] The reaction pressure in step (22c) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0750] The reaction time in step (22c) is preferably 0.1
to 72 hours, more preferably 3 to 8 hours.

[0751] The oxidation in step (23c) can be performed in a
solvent in the presence of sodium chlorite.

[0752] Examples of the solvent that can be used include
alcohols and water. The buffer to be used may be a
disodium hydrogen phosphate solution.

[0753] The compound (23c) may be brought into contact
with an alkali to convert -COOH into a salt form.
Examples of the alkali include sodium hydroxide,
potassium hydroxide, lithium hydroxide, and ammonia. Use
of an ammonia agqueous solution is preferable.

[0754] The solvent may be distilled off, evaporated, or
purified after the completion of each step, so as to
enhance the purity of the compound to be obtained.
[0755] The surfactant (c) can be suitably produced by a
production method including: step (31c) of obtaining a

compound (31lc) represented by the formula:

3c

R'¢—=—=—R%*—CH,—OFE°

wherein R'®, R®®, and E° are defined as mentioned

above, by reacting an alkyl halide represented by the

formula:
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Y°-R’°~CH,-OE°®
wherein R*® is defined as mentioned above, Y° is a
halogen atom, and E° is a leaving group, with a lithium

acetylide represented by the formula:

1c — .
R ———Li
wherein R'® are defined as mentioned above; step

(32c) of obtaining a compound (32c) represented by

formula

0
1c ” 3c c
R —C—|C|)—R —CH>—O0E

wherein R'®, R, and E° are defined as mentioned

above, by oxidizing the compound (31c); step (33c) of

obtaining a compound (33c) represented by the formula:
0
1c___||___ P3¢ L
R C—C—R CH>—OH
0

wherein R'® and R*° are defined as mentioned above,
by eliminating the leaving group contained in the
compound (32c); and step (34c) of obtaining a compound

(34c) represented by the formula:

ﬁ I
R1°—C—|C|)—R3°—C—OH
0
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wherein R'® and R’® are defined as mentioned above,
by oxidizing the compound (33c).
[0756] When R' contains a furan ring, the furan ring may
be opened, for example, using an acid and converted into
a dicarbonyl derivative. Examples of the acid include
acetic acid, hydrochloric acid, and p-toluene sulfone.
Among these, acetic acid is preferable.
[0757] E° represents a leaving group. Examples of the
leaving group include a tert-butyldimethylsilyl (TBS)
group, a triethylsilyl (TES) group, a triisopropylsilyl
(TIPS) group, a tert-butyldiphenylsilyl (TBDPS) group,
and a benzyl (Bn) group.
[0758] For a reaction ratio of the alkyl halide with the
lithium acetylide in step (31c), the amount of the
lithium acetylide is preferably 1 to 2 mol, more
preferably 1 to 1.2 mol, relative to 1 mol of the alkyl
halide, in consideration of yield improvement and waste
reduction.
[0759] The reaction in step (31lc) can be performed in a
solvent. The solvent is preferably hexane.
[0760] The reaction temperature in step (31lc) is
preferably —-100 to -40°C, more preferably -80 to -50°C.
[0761] The reaction pressure in step (31lc) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.
[0762] The reaction time in step (31lc) is preferably 0.1

to 72 hours, more preferably 6 to 10 hours.
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[0763] The oxidation in step (32c) can be performed in a
nitrile solvent using a complex generated by treating
[(Cn*)RuIH(CF3C02)ﬂ'H20, wherein Cn” represents 1,4,7-
trimethyl-1,4, 7-triazabicyclononane, with (NHy),Ce (NO3)g
and trifluoroacetic acid and thereafter adding sodium
perchlorate thereto.

[0764] After the completion of the oxidation,
neutralization with an alkali may be carried out to
extract the compound (32c) using an organic solvent such
as an ether.

[0765] The reaction temperature in step (32c) is
preferably 30 to 100°C, more preferably 40 to 90°C.
[0766] The reaction pressure in step (32c) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0767] The reaction time in step (32c) is preferably 0.1
to 72 hours, more preferably 3 to 8 hours.

[0768] The elimination reaction of the leaving group in
step (33c) can be performed using a fluoride ion or an
acid. Examples of the method for eliminating the leaving
group include a method of using hydrofluoric acid, a
method of using an amine complex of a hydrogen fluoride
such as pyridine-nHF and triethylamine-nHF, a method of
using an inorganic salt such as cesium fluoride,
potassium fluoride, lithium borofluoride (LiBF4), and
ammonium fluoride, and a method of using an organic salt

such as tetrabutylammonium fluoride (TBAF).
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[0769] The elimination reaction of the leaving group in
step (33c) can be performed in a solvent. The solvent is
preferably an organic solvent, more preferably a polar
aprotic solvent, further preferably an ether.

[0770] Examples of the ether include ethyl methyl ether,
diethyl ether, monoglyme (ethylene glycol dimethyl ether),
diglyme (diethylene glycol dimethyl ether),

triglyme (triethylene glycol dimethyl ether),
tetrahydrofuran, tetraglyme (tetraethylene glycol dimethyl
ether), and crown ether (l5-crown-5,18-crown-6). Among
these, tetrahydrofuran and diethyl ether are preferable.
[0771] The reaction temperature in step (33c) is
preferably 0 to 40°C, more preferably 0 to 20°C.

[0772] The reaction pressure in step (33c) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0773] The reaction time in step (33c) is preferably 0.1
to 72 hours, more preferably 3 to 8 hours.

[0774] The oxidation in step (34c) can be performed in a
solvent in the presence of sodium chlorite.

[0775] Examples of the solvent that can be used include
alcohols and water. The buffer to be used may be a
disodium hydrogen phosphate solution.

[0776] The compound (34c) may be brought into contact
with an alkali to convert -COOH into a salt form.
Examples of the alkali include sodium hydroxide,
potassium hydroxide, lithium hydroxide, and ammonia. Use

of an ammonia aqueous solution is preferable.
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[0777] The solvent may be distilled off, evaporated, or
purified after the completion of each step, so as to
enhance the purity of the compound to be obtained.
[0778] The surfactant (c) can be suitably produced by a
production method including: step (51c) of obtaining a

compound (51c) represented by the formula:

O
0]

Y

by reacting a divinyl ketone represented by the formula:

O

AN e

with a 2-methyl furan represented by the formula:

)

|/

.
14

s

step (52c) of obtaining a compound (52c) represented by

the formula:
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|/ |

by reacting the compound (51c) with a furan represented

by the formula:

O

/

step (53c) of obtaining a compound (53c) represented by

14

the formula:

O O O

) 0

by heating the compound (52c) in the presence of an acid;
and step (54c) of obtaining a compound (54c) represented

by the formula:

o) o) O

OH
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by oxidizing the compound (53c).

[0779] For a reaction ratio of the divinyl ketone with
the 2-methyl furan in step (51c), the amount of the 2-
methyl furan is preferably 0.5 to 1 mol, more preferably
0.6 to 0.9 mol, relative to 1 mol of the divinyl ketone,
in consideration of yield improvement and waste reduction.
[0780] The reaction in step (51lc) is preferably carried
out in the presence of an acid. Examples of the acid
include acetic acid, hydrochloric acid, and p-
toluenesulfonic acid. Among these, acetic acid is
preferable.

[0781] The amount of the acid used in step (51c) is
preferably 0.1 to 2 mol, more preferably 0.1 to 1 mol,
relative to 1 mol of the divinyl ketone, in consideration
of yield improvement and waste reduction.

[0782] The reaction in step (51c) can be performed in a
polar solvent. The solvent is preferably water or
acetonitrile.

[0783] The reaction temperature in step (51c) is
preferably 20 to 100°C, more preferably 40 to 100°C.
[0784] The reaction pressure in step (5lc) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0785] The reaction time in step (51c) is preferably 0.1
to 72 hours, more preferably 4 to 8 hours.

[0786] For a reaction ratio of the compound (51c) with
the furan in step (52c), the amount of the furan is

preferably 1 to 2 mol, more preferably 1 to 1.1 mol,
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relative to 1 mol of the compound (51c), in consideration
of yield improvement and waste reduction.

[0787] The reaction in step (52c) is preferably carried
out in the presence of an acid. Examples of the acid
include acetic acid, hydrochloric acid, and p-toluene
sulfone. Among these, acetic acid is preferable.

[0788] The amount of the acid used in step (52c) is
preferably 0.1 to 2 mol, more preferably 0.1 to 1 mol,
relative to 1 mol of the compound (51c), in consideration
of yield improvement and waste reduction.

[0789] The reaction in step (52c) can be performed in a
polar solvent. The solvent is preferably water.

[0790] The reaction temperature in step (52c) 1is
preferably 20 to 100°C, more preferably 40 to 100°C.
[0791] The reaction pressure in step (52c) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0792] The reaction time in step (52c) is preferably 0.1
to 72 hours, more preferably 4 to 8 hours.

[0793] In step (53c), the furan ring is opened by heating
the compound (52c) in the presence of an acid.

[0794] The acid is preferably hydrochloric acid or
sulfuric acid.

[0795] The reaction in step (53c) can be performed in a
polar solvent. The solvent is preferably water.

[0796] The reaction temperature in step (53c) is

preferably 50 to 100°C, more preferably 70 to 100°C.
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[0797] The reaction pressure in step (53c) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0798] The reaction time in step (53c) is preferably 0.1
to 72 hours, more preferably 1 to 12 hours.

[0799] The oxidation in step (54c) can be performed in a
solvent in the presence of sodium chlorite.

[0800] Examples of the solvent that can be used include
tert-butyl alcohol and water. The buffer to be used may
be a disodium hydrogen phosphate solution.

[0801] The compound (54c) may brought into contact with
an alkali to convert -COOH into a salt form. Examples of
the alkali include sodium hydroxide, potassium hydroxide,
lithium hydroxide, and ammonia. Use of an ammonia
aqueous solution is preferable.

[0802] The solvent may be distilled off, evaporated, or
purified after the completion of each step, so as to
enhance the purity of the compound to be obtained.

[0803] The surfactant (c) can be suitably produced by a
production method including: step (61c) of obtaining a

compound (6lc) represented by the formula:

21 0
1c c
Y
0

wherein R, R?° and Y°'°® are defined as mentioned

above, by reacting an alkene represented by the formula:
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21¢c

R1°YR\/

0

wherein R'® is defined as mentioned above, and R?C is

a single bond or a divalent linking group, with an alkyne

represented by the formula:

Y61c

X

6lc

wherein Y is an alkyl ester group; and step (62c)

of obtaining a compound (62c) represented by the formula:

0

21c OH

R1°WR
) )
wherein R'® and R?'© are defined as mentioned above,
by allowing an alkali to act on the compound (6lc) and
then allowing an acid to act thereon.
[0804] When R'® contains a furan ring, the furan ring may
be opened, for example, using an acid and converted into
a dicarbonyl derivative. Examples of the acid include
acetic acid, hydrochloric acid, and p-toluene sulfone.
Among these, acetic acid is preferable.
[0805] R?'® is preferably a single bond or a linear or
branched alkylene group having one or more carbon atoms.
[0806] For a reaction ratio of the alkene with the alkyne
in step (61c), the amount of the alkene is preferably 0.5

to 2 mol, more preferably 0.6 to 1.2 mol, relative to 1
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mol of the alkyne, in consideration of yield improvement
and waste reduction.

[0807] The reaction in step (6lc) is preferably carried
out in the presence of a metal catalyst. Examples of the
metal include ruthenium.

[0808] The amount of the metal catalyst used in step
(61lc) is preferably 0.01 to 0.4 mol, more preferably 0.05
to 0.1 mol, relative to 1 mol of the alkene, in
consideration of yield improvement and waste reduction.
[0809] The reaction in step (61lc) can be performed in a
polar solvent. The solvent is preferably water,
acetonitrile, dimethylacetamide, or dimethylformamide.
[0810] The reaction temperature in step (61lc) 1is
preferably 20 to 160°C, more preferably 40 to 140°C.
[0811] The reaction pressure in step (61lc) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1.0 MPa.

[0812] The reaction time in step (61lc) is preferably 0.1
to 72 hours, more preferably 4 to 8 hours.

[0813] For a reaction ratio of the compound (6lc) with
the alkali in step (62c), the amount of the alkali is
preferably 0.6 to 2 mol, more preferably 0.8 to 1.1 mol,
relative to 1 mol of the compound (6lc), in consideration
of yield improvement and waste reduction.

[0814] The amount of the acid used in step (62c) is
preferably 1.0 to 20.0 mol, more preferably 1.0 to 10.0
mol, relative to 1 mol of the compound (6lc), in

consideration of yield improvement and waste reduction.
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[0815] The reaction in step (62c) can be performed in a
polar solvent. The solvent is preferably water.

[0816] The reaction temperature in step (62c) 1is
preferably 0 to 100°C, more preferably 20 to 100°C.
[0817] The reaction pressure in step (62c) is preferably
0.1 to 5 MPa, more preferably 0.1 to 1 MPa.

[0818] The reaction time in step (62c) is preferably 0.1
to 72 hours, more preferably 4 to 8 hours.

[0819] The compound (62c) may brought into contact with
an alkali to convert -COOH into a salt form. Examples of
the alkali include sodium hydroxide, potassium hydroxide,
lithium hydroxide, and ammonia. Use of an ammonia
aqueous solution is preferable.

[0820] The solvent may be distilled off, evaporated, or
purified after the completion of each step, so as to
enhance the purity of the compound to be obtained.
[0821] The surfactant (d) will be described.

[0822] In Formula (d), R'Y is a linear or branched alkyl
group optionally having a substituent and having one or
more carbon atoms or a cyclic alkyl group optionally
having a substituent and having three or more carbon
atoms.

The alkyl group can contain a monovalent or divalent
heterocycle or can also form a ring, in the case of
having three or more carbon atoms. The heterocycle is
preferably an unsaturated heterocycle, more preferably an

oxygen—-containing unsaturated heterocycle, and examples
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thereof include a furan ring. In R'¥, a divalent
heterocycle may be inserted between two carbon atoms, a
divalent heterocycle may be located at an end and bonded
to -C(=0)—-, or a monovalent heterocycle may be located at
an end of the alkyl group.

[0823] In this description, "the number of carbon atoms"
of the alkyl group includes the number of carbon atoms
forming the heterocycle.

[0824] The substituent optionally contained in the alkyl
group as R'® is preferably a halogen atom, a linear or
branched alkyl group having 1 to 10 carbon atoms or a
cyclic alkyl group having 3 to 10 carbon atoms, or a
hydroxy group, particularly preferably a methyl group or
an ethyl group.

[0825] The alkyl group serving as R is preferably free
from carbonyl groups. In the alkyl group, 75% or less of
hydrogen atoms bonded to carbon atoms may be substituted
with halogen atoms, 50% or less thereof may be
substituted with halogen atoms, or 25% or less thereof
may be substituted with halogen atoms, but the alkyl
group 1is preferably a non-halogenated alkyl group free
from halogen atoms such as fluorine atoms and chlorine
atoms. The alkyl group preferably does not contain any
substituents.

[0826] R'™ is preferably a linear or branched alkyl group
optionally having a substituent and having 1 to 10 carbon

atoms or a cyclic alkyl group optionally having a
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substituent and having 3 to 10 carbon atoms, more
preferably a linear or branched alkyl group free from
carbonyl groups and having 1 to 10 carbon atoms or a
cyclic alkyl group free from carbonyl groups and having 3
to 10 carbon atoms, further preferably a linear or
branched alkyl group having 1 to 10 carbon atoms and
having no substituents, furthermore preferably a linear
or branched alkyl group having 1 to 3 carbon atoms and
having no substituents, particularly preferably a methyl
group (—CH3) or an ethyl group (—CyHs), most preferably a
methyl group (—CHj).

[0827] In Formula (d), R%%s and R%%s are each
independently H or a substituent. A plurality of R*%s and
a plurality of R*s may each be the same as or different
from each other.

[0828] The substituent serving as each of R’? and R*® is
preferably a halogen atom, a linear or branched alkyl
group having 1 to 10 carbon atoms or a cyclic alkyl group
having 3 to 10 carbon atoms, or a hydroxy group,
particularly preferably a methyl group or an ethyl group.
[0829] The alkyl group serving as each of R*® and R*® is
preferably free from carbonyl groups.

In the alkyl group, 75% or less of hydrogen atoms
bonded to carbon atoms may be substituted with halogen
atoms, 50% or less thereof may be substituted with
halogen atoms, or 25% or less thereof may be substituted

with halogen atoms, but the alkyl group is preferably a
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non—-halogenated alkyl group free from halogen atoms such
as fluorine atoms and chlorine atoms.

The alkyl group preferably does not contain any
substituents.
[0830] The alkyl group serving as each of R*® and R*® is
preferably a linear or branched alkyl group free from
carbonyl groups and having 1 to 10 carbon atoms or a
cyclic alkyl group free from carbonyl groups and having 3
to 10 carbon atoms, more preferably a linear or branched
alkyl group free from carbonyl groups and having 1 to 10
carbon atoms, further preferably a linear or branched
alkyl group having 1 to 3 carbon atoms and having no
substituents, particularly preferably a methyl group (-
CH3;) or an ethyl group (—C:Hjs).
[0831] R*®s and R'®s are preferably each independently H
or a linear or branched alkyl group free from carbonyl
groups and having 1 to 10 carbon atoms, more preferably H
or a linear or branched alkyl group having 1 to 3 carbon
atoms and having no substituents, furthermore preferably
H, a methyl group (-CHs3) or an ethyl group (-CzHs),
particularly preferably H.
[0832] In Formula (d), R*? is an alkylene group optionally
having a substituent and having 1 to 10 carbon atoms.
When a plurality of R*%s are present, the plurality of
R*s may be the same as or different from each other.
[0833] The alkylene group is preferably free from

carbonyl groups.
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In the alkylene group, 75% or less of hydrogen atoms
bonded to carbon atoms may be substituted with halogen
atoms, 50% or less thereof may be substituted with
halogen atoms, or 25% or less thereof may be substituted
with halogen atoms, but the alkyl group is preferably a
non—-halogenated alkyl group free from halogen atoms such
as fluorine atoms and chlorine atoms.

The alkylene group preferably does not contain any
substituents.

[0834] The alkylene group is preferably a linear or
branched alkylene group optionally having a substituent
and having 1 to 10 carbon atoms or a cyclic alkylene
group optionally having a substituent and having 3 to 10
carbon atoms, preferably a linear or branched alkylene
group free from carbonyl groups and having 1 to 10 carbon
atoms or a cyclic alkylene group free from carbonyl
groups and having 3 to 10 carbon atoms, more preferably a
linear or branched alkylene group having 1 to 10 carbon
atoms and having no substituents, further preferably a
methylene group (-CHy;—), an ethylene group (-CyH;—), an
isopropylene group (-CH(CH3)CH,-), or a propylene group
(—=CsHe—)

[0835] Any two of R'¢, R*, R*%, and R'® may be bonded
together to form a ring.

[0836] In Formula (d), n is an integer of 1 or more,

preferably an integer of 1 to 40, more preferably an
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integer of 1 to 30, further preferably an integer of 5 to
25.
[0837] In Formula (d), p and g are each independently an
integer of 1 or more. p is preferably an integer of 0 to
10, more preferably 0 or 1. Preferably, g is an integer
of 0 to 10, more preferably an integer of 0 to 5.
[0838] The sum of n, p, and g is preferably an integer of
6 or more. The sum of n, p, and g is more preferably an
integer of 8 or more. The sum of n, p, and g is also
preferably an integer of 60 or less, more preferably an
integer of 50 or less, further preferably an integer of
40 or less.
[0839] In Formula (d), A% is -SO03;X® or -CO0X® (where X% is
H, a metal atom, NR’?,, an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and
R*%s are each H or an organic group and may be the same
as or different from each other). R’s are each
preferably H or an organic group having 1 to 10 carbon
atoms, more preferably H or an organic group having 1 to
4 carbon atoms. Examples of the metal atom include
monovalent or divalent metal atoms such as alkali metals
(Group 1) and alkaline earth metals (Group 2), and the
metal atom is preferably Na, K, or Li. X% may be a metal
atom or NR&% (where R°%s are each as mentioned above) .

X% is preferably H, an alkali metal (Group 1), an

alkaline earth metal (Group 2), or NR&%, more preferably



- 241 -

H, Na, K, Li, or NHy4 for the ease of dissolution in water,
further preferably Na, K, or NHy; for further ease of
dissolution in water, particularly preferably Na or NHg,
most preferably NH; for the ease of removal. When xd is
NH,;, the solubility of the surfactant into an aqueous
medium is excellent, and metal components hardly remain
in PTFE or the final product.

[0840] In Formula (d), L is a single bond, -CO,-B-*, -
OCO-B—*, —-CONR®-B-*, -NR®CO-B-*, or -CO- (however,
excluding carbonyl groups contained in -CO,-B-, -0CO-B-,
—CONR“;B—, and —NR“CO—B—), B is a single bond or an
alkylene group optionally having a substituent and having
1 to 10 carbon atoms, and R°® is H or an alkyl group
optionally having a substituent and having 1 to 4 carbon
atoms. The alkylene group more preferably has 1 to 5
carbon atoms. Further, R°® above is more preferably H or
a methyl group. The symbol * represents the side bonded
to A? in the formula.

[0841] L is preferably a single bond.

[0842] The surfactant preferably has an integral wvalue of
the total peak intensity of 10 or more, which is observed
in a chemical shift region of 2.0 to 5.0 ppm in 'H-NMR
Sspectrum.

[0843] The surfactant preferably has an integral value of
the total peak intensity falling within the
aforementioned range, which is observed in a chemical

shift region of 2.0 to 5.0 ppm in 'H-NMR spectrum. In
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this case, the surfactant preferably has a ketone
structure in a molecule.

[0844] In the surfactant, the integral value is more
preferably 15 or more and is preferably 95 or less, more
preferably 80 or less, further preferably 70 or less.
[0845] The integral value is measured in a heavy water
solvent at room temperature. The heavy water is adjusted
to 4.79 ppm.

[0846] Examples of the surfactant (d) include

CH3C (O) CH,CH,CH,CH,CH,CH,CH,CH,COOK,

CH5C (O) CH,CH,CH,CH,CH,CH,CH,COONa,

CH5C (O) CH,CH,CH,CH,CH,CH,COONa,

CH3C (O) CH,CH,CH,CH,CH,COONa,

CH5C (O) CH,CH,CH,CH,COONa,

CH3C (O) CH,CH,CH,COONa,

CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,COONa,

CH3C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH2,CH,CH,CH,CHCH,CO
ONa,

(CH3) 3CC (O) CH,CH,CH,CH,CH,CH,CH,CH,COONa,

(CH3) ,CHC (O) CH,CH,CH»CH,CH,CH,CH,CH,COONa,

(CH,) sCHC (O) CH,CH,CH,CH,CH,CH,CH,CH,COONa,

CH3CH,C (O) CH,CH,CH,CH,CH,CH,CH,COONa,
CH3;CH,CH,C (O) CH,CH,CH,CH,CH,CH,COONa,
CH3CH,CH,CH,C (O) CH,CH,CH,CH,CH,COONa,
CH3CH,CH,CH,CH,C (O) CH,CH,CH,CH,COONa,
CH3CH,CH,CH,CH,CH,C (O) CH,CH,CH,COONa,

CH3CH,CH,CH,CH,CH,CH,C (0) CH,CH,COONa,
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CH3CH,CH,CH,CH,CH,CH,CH,C (O) CH,COONa,

CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,0CH,CH,COONa,
CH3C (O) CH,CH,CH,CH,CH,CH,CH,CH,C (O) NHCH,COOK,
CH3C (O) CH,CH,CH,CH,CH,CH,CH,CH,NHC (O) CH,COOK,
CH3C (O) CH,CH,CH,CH,CH,CH,CH,CH,C (O) OCH,COONa,
CH3C (O) CH,CH,CH,CH,CH,CH,CH,CH,0C (O) CH,COONa,
CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,C (O) COONa,
CH3C (O) CH,CH,CH,CH,CH,CH,CH,CH,C (O) COOH,

CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,C (0O) COOL1,
CH3C (O) CH,CH,CH,CH,CH,CH,CH,CH,C (O) COONH,4,
CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,C (O) COONa,
CH5C (O) CH,CH,CH,CH,CH,CH,CH,C (CH3) ,COOK,

CH3C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,SO3Na,

CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,S0O3Na,

CH3C (O) CH,CH,CH,CH,CH,CH,CH,SO3Na,

CH5C (O) CH,CH,CH,CH,CH,CH,S0O3Na,

CH3C (O) CH,CH,CH,CH,CH,S0O3Na,

CH3C (O) CH,CH,CH,CH,SO3Na,

CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,S0O3sNa,
CHsC (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,SO
sNa,

CH3C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,S0O3Na,
(CH3) 3CC (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,S0O3Na,
(CHs3) ,CHC (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,SO3Na,
(CH;) sCHC (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,SO3Na,
CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,S0O3Na,

CHsC (0) CH,CH,CH,CH,CH,CH,CH,SO3Na,
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CH5C (O) CH,CH,CH,CH,CH,CH,S0O3Na,

CH3C (O) CH2CH»CH,CH,CH,S0O3Na,

CH»C (O) CH,CH,CH,CH,SO5Na,

CH;C (O) CH,CH,CH,»SO3Na,

CH;C (0) CH,CH,SO5Na,

CH;C (0) CH,S05Na,

CH;C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,OCH,CH,CH,S0O3Na,

CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,C (O) NHCH,SO3Na,

CH3C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,NHC (O) CH,SO3Na,

CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,C (O) SO3Na,

CH3C (O) CH2CH»CH,CH,CH,CH,CH,CH,CH,C (O) OCH,SO3Na,

CH3C (O) CH2CH»CH,CH,CH,CH,CH,CH,CH,0C (O) CH,SO3Na,

CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,S05H,

CH3C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,SO3K,

CH3C (O) CH,CH,CH,CH,CH,CH,CH,CH,CH,S0O5L1i,

CH3C (O) CH,CH,CH,CH,CH,CH,CH2CH,CH,SO3NH,, and

CH5C (O) CH,CH,CH,CH,CH,CH,CH,CH,C (CH3) »SO3Na.

[0847] The surfactant (d) is a new compound and can be
produced by the production methods described below as
examples.

[0848] The surfactant (d) can be suitably produced by a
production method including: step (11d) of obtaining a

compound (11d) represented by the following formula:

R'Y—Cc—+CR*,}—0—R%*—L—0S05X¢
|
o
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wherein R' to Rwy n, and X% are defined as mentioned
above, L is a single bond, -CO,-B-*, —-0OCO-B-*, —CONR°-B-*,
~-NR®°¥CO-B-*, or -CO- (however, excluding carbonyl groups
contained in -CO,-B-, -0OCO-B-, -CONR**-B-, and -NR°‘CO-B-),
B is a single bond or an alkylene group optionally having
a substituent and having 1 to 10 carbon atoms, R®® is H
or an alkyl group optionally having a substituent and
having 1 to 4 carbon atoms, and the symbol * represents
the side bonded to -0S0sX® in the formula, by reacting a

compound (10d) represented by the following formula:

1d 2d
R —C—CR™ OH
I n
O
wherein R'¥, R?Y, and n are defined as mentioned

above, with a sultone represented by the following

formula:

|— R3d

|
0=S—0

|
0

wherein R°® is defined as mentioned above, L is a
single bond, -CO,-B-*, -0CO-B-*, —-CONR®*-B-*, -NR®‘CO-B-*,
or —-CO- (however, excluding carbonyl groups contained in
-C0,-B-, -0CO-B-, -CONR°*-B-, and -NR°‘CO-B-), B is a
single bond or an alkylene group optionally having a
substituent and having 1 to 10 carbon atoms, R°d is H or

an alkyl group optionally having a substituent and having
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1 to 4 carbon atoms, and the symbol * represents the side
bonded to -S(=0),- in the formula.

[0849] The reaction in step (11d) can be performed in the
presence of a base.

Examples of the base include sodium hydride, sodium
hydroxide, potassium hydroxide, and triethylamine. The
base can be used in an amount of 0.5 to 20 mol, relative
to 1 mol of the compound (10d).

[0850] The reaction in step (11d) can be performed in a
solvent.

The solvent is preferably an organic solvent, more
preferably a polar aprotic solvent. Examples of the
organic solvent include ethers, aromatic compounds,
nitriles, and halogenated hydrocarbons.

Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

Examples of the aromatic compounds include benzene,
toluene, and xylenes. Among these, benzene is preferable.
Examples of the nitriles include acetonitrile,

propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,

dichloromethane and chloroform are preferable.
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[0851] The reaction temperature in step (11d) is
preferably -78 to 150°C, more preferably -20 to 100°C.
[0852] The reaction pressure in step (11d) is preferably
0 to 10 MPa, more preferably 0 to 1.0 MPa.

[0853] The reaction time in step (11d) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0854] The surfactant (d) can be suitably produced by a
production method including: step (21d) of obtaining a

compound (21d) represented by the following formula:
2d 3d 4d
‘C‘) CR HOR HCR 2>7L CHy— coox°

wherein R' to Rmy n, p, g, and X% are defined as
mentioned above, L is a single bond, -CO,-B-*, -0OCO-B-%*,
~CONR®¥-B-*, -NR®‘CO-B-*, or -CO- (however, excluding
carbonyl groups contained in -CO,-B-, -0CO-B-, —CONRM—B—,
and -NR®*‘CO-B-), B is a single bond or an alkylene group
optionally having a substituent and having 1 to 10 carbon
atoms, R®® is H or an alkyl group optionally having a
substituent and having 1 to 4 carbon atoms, and the
symbol * represents the side bonded to —-CH,-COOX® in the
formula, by oxidizing a compound (20d) represented by the

following formula:

d—CA(CRngHOR3d>—<CR4dg>~L—CH2—OH
[ R,
0
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wherein R'® to R*, n, p, and g are defined as

mentioned above, L is a single bond, -CO,-B-*, -0CO-B-%*,
~CONR®?-B-*, -NR*‘CO-B-*, or -CO- (however, excluding
carbonyl groups contained in -CO,-B-, -0CO-B-, -CONR®*-B-,
and -NR*%CO-B-), B is a single bond or an alkylene group
optionally having a substituent and having 1 to 10 carbon
atoms, R®® is H or an alkyl group optionally having a
substituent and having 1 to 4 carbon atoms, and the
symbol * represents the side bonded to -CH,-OH in the
formula.

[0855] The oxidation in step (21d) can be performed by
allowing a nitrosating agent to act on the compound (20d).
[0856] Examples of the nitrosating agent that can be used
include sodium nitrite, nitrosyl sulfate, and isocamyl
nitrite.

[0857] The nitrosating agent can be used in an amount of
0.5 to 10 mol, relative to 1 mol of the compound (20d).
[0858] The oxidation in step (21d) can be performed in a
solvent. Examples of the solvent that can be used
include trifluoroacetic acid and acetonitrile.

[0859] The oxidation temperature in step (21d) is
preferably -78 to 200°C, more preferably -20 to 100°C.
[0860] The oxidation pressure in step (21d) is preferably
0O to 10 MPa, more preferably 0 to 1.0 MPa.

[0861] The oxidation time in step (21d) is preferably 0.1

to 72 hours, more preferably 0.1 to 24 hours.
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[0862] The compound (10d) and the compound (20d) can be
produced also by a production method including: step
(101d) of obtaining a compound (101d) represented by the

following formula:

R”d—CHz—(le—Y“’—OH
OH

1d and Y'Y are defined as mentioned above,

wherein R
by hydroxylating a compound (100d) represented by the
following formula:

R''9-CH=CH-Y'?-0OH

wherein R''¢

is H, a linear or branched alkyl group
optionally having a substituent and having one or more
carbon atoms, or a cyclic alkyl group optionally having a
substituent and having three or more carbon atoms and may
contain a monovalent or divalent heterocycle or may form
a ring, in the case of having three or more carbon atoms,
Y'¥ is - (CR*%),— or —-(CR*%;) .- (OR’) - (CR*%;) ;~L-CH,—, wherein
R’ to R*, n, L, p, and g are defined as mentioned above,
L is a single bond, -CO,-B-*, -OCO-B-*, —-CONR®*-B-*, -
NR“CO—B—*, or —-CO- (however, excluding carbonyl groups
contained in -C0O,-B-, -0CO-B-, -CONR°*-B-, and -NR®°‘CO-B-),
B is a single bond or an alkylene group optionally having
a substituent and having 1 to 10 carbon atoms, R* is H
or an alkyl group optionally having a substituent and
having 1 to 4 carbon atoms, and the symbol * represents

the side bonded to -CH;- in the formula; and step (102d)
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of obtaining a compound (102d) represented by the

following formula:

R''Y—CcH,—C—Y'—0OH
0

11d

wherein R and Y'Y are defined as mentioned above,

by oxidizing the compound (101d).

[0863] The alkyl group serving as R

is preferably free
from carbonyl groups.

In the alkyl group serving as R4, 75% or less of
hydrogen atoms bonded to carbon atoms may be substituted
with halogen atoms, 50% or less thereof may be
substituted with halogen atoms, or 25% or less thereof
may be substituted with halogen atoms, but the alkyl
group is preferably a non-halogenated alkyl group free
from halogen atoms such as fluorine atoms and chlorine
atoms.

The alkyl group preferably does not contain any
substituents.

[0864] R'"'? is preferably H, a linear or branched alkyl
group optionally having a substituent and having 1 to 9
carbon atoms, or a cyclic alkyl group optionally having
substituent and having 3 to 9 carbon atoms, more
preferably H, a linear or branched alkyl group free from
carbonyl groups and having 1 to 9 carbon atoms, or a
cyclic alkyl group free from carbonyl groups and having 3

to 9 carbon atoms, further preferably H or a linear or
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branched alkyl group having 1 to 9 carbon atoms and
having no substituents, furthermore preferably H, a
methyl group (-CHj3), or an ethyl group (—CyHs),
particularly preferably H or a methyl group (-CHs), most
preferably H.

[0865] The hydroxylation in step (101d) can be performed,
for example, by a method (1d) of allowing iron (II)
phthalocyanine (Fe(Pc)) and sodium borohydride to act on
the compound (100d) in an oxygen atmosphere, or a method
(2d) of allowing isopinocampheylborane (IpcBH;) to act on
the compound (100d), followed by oxidizing an
intermediate (dialkylborane) to be obtained.

[0866] In the method (1d), the iron (II) phthalocyanine
can be used in an amount equal to that of catalyst, such
as an amount of 0.001 to 1.2 mol, relative to 1 mol of
the compound (1004d).

[0867] In the method (1d), sodium borohydride can be used
in an amount of 0.5 to 20 mol, relative to 1 mol of the
compound (100d) .

[0868] The reaction in the method (1d) can be performed
in a solvent. The solvent is preferably an organic
solvent, and examples thereof include ethers, halogenated
hydrocarbons, aromatic hydrocarbons, nitriles, and
nitrogen-containing polar organic compounds.

[0869] Examples of the ethers include diethyl ether,

tetrahydrofuran, dioxane, and diethylene glycol diethyl



- 252 -

ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0870] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0871] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0872] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0873] Examples of the nitrogen-containing polar organic
compounds include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,
and 1, 3-dimethyl-2-imidazolidinone. Among these, N,N-
dimethylformamide, N,N-dimethylacetamide, and N-methyl-2-
pyrrolidone are preferable.

[0874] The reaction temperature in the method (1d) is
preferably -78 to 200°C, more preferably 0 to 150°C.
[0875] The reaction pressure in the method (1d) is
preferably 0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.
[0876] The reaction time in the method (1d) is preferably
0.1 to 72 hours, more preferably 0.1 to 48 hours.

[0877] In the method (2d), isopinocampheylborane can be
used in an amount of 1.0 to 10.0 mol, relative to 1 mol

of the compound (100d).
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[0878] The reaction of the compound (100d) with
isopinocampheylborane can be performed in a solvent. The
solvent is preferably an organic solvent, and examples
thereof include ethers, halogenated hydrocarbons, and
aromatic hydrocarbons.

[0879] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0880] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0881] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0882] The reaction temperature of the compound (100d)
with isopinocampheylborane is preferably -78 to 200°C,
more preferably 0 to 150°C.

[0883] The reaction pressure of the compound (100d) with
isopinocampheylborane is preferably 0 to 5.0 MPa, more
preferably 0.1 to 1.0 MPa.

[0884] The reaction time of the compound (100d) with
isopinocampheylborane is preferably 0.1 to 72 hours, more
preferably 0.1 to 48 hours.

[0885] The oxidation in the method (2d) can be performed

by allowing an oxidant to act on the intermediate.
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Examples of the oxidant include hydrogen peroxide. The
oxidant can be used in an amount of 0.7 to 10 mol
relative to 1 mol of the intermediate.

[0886] The oxidation in the method (2d) can be performed
in a solvent. Examples of the solvent include water,
methanol, and ethanol. Among these, water is preferable.
[0887] The oxidation temperature in the method (2d) is
preferably 0 to 100°C, more preferably 0 to 80°C.

[0888] The oxidation pressure in the method (2d) is
preferably 0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.
[0889] The oxidation time in the method (2d) 1is
preferably 0.1 to 72 hours, more preferably 0.1 to 48
hours.

[0890] Examples of the method for oxidizing the compound
(101d) in step (102d) include a method (a) of using Jones
reagent (Cr0O3/H;S04) (Jones oxidation), a method (d) of
using Dess—-Martin Periodinane (DMP) (Dess-Martin
oxidation), a method (c) of using pyridinium
chlorochromate (PCC), a method (d) of allowing a bleach
(about 5 to 6% NaOCl aqueous solution) to act in the
presence of a nickel compound such as NiCl,, and a method
(e) of allowing a hydrogen receptor such as an aldehyde
and a ketone to act in the presence of an aluminum
catalyst such as Al (CHs); and A1[OCH(CHs3):]s (Oppenauer
oxidation).

[0891] The oxidation in step (102d) can be performed in a

solvent. As the solvent, water and an organic solvent
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are preferable, and examples thereof include water,
ketones, ethers, halogenated hydrocarbons, aromatic
hydrocarbons, and nitriles.

[0892] Examples of the ketones include acetone, methyl
ethyl ketone, methyl isobutyl ketone, cyclohexanone, and
diacetone alcohol. Among these, acetone is preferable.
[0893] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0894] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0895] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0896] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0897] The oxidation temperature in step (102d) is
preferably -78 to 200°C and can be appropriately selected
corresponding to the method employed.

[0898] The oxidation pressure in step (102d) is
preferably 0 to 5.0 MPa and can be appropriately selected

corresponding to the method employed.
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[0899] The oxidation time in step (102d) is preferably
0.1 to 72 hours and can be appropriately selected
corresponding to the method employed.

[0900] The compound (10d) and the compound (20d) can be
produced also by a production method including: step
(201d) of obtaining a compound (201d) represented by the

following formula:

1d

R'Y—c—y'Y"—0OH

|
O

wherein R'® and Y'® are defined as mentioned above,
by ozonolysis of a compound (200d) represented by the

following formula:
R1d_ﬁ_Y1d_OH
101d
CR "

wherein R'® and Y'Y are defined as mentioned above,

101d

and R S are each an organic group.

[0901] R'®“s are each preferably an alkyl group having 1

101d

to 20 carbon atoms. Two R s may be the same as or

different from each other.

[0902] The ozonolysis in step (201d) can be performed by
allowing ozone to act on the compound (200d), followed by
post—-treatment with a reductant.

[0903] The ozone can be generated by silent discharge in

oxygen gas.
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[0904] Examples of the reductant to be used for the post-
treatment include zinc, dimethyl sulfide, thiourea,
phosphines. Among these, phosphines are preferable.
[0905] The ozonolysis in step (201d) can be performed in
a solvent. The solvent is preferably water or an organic
solvent. Examples thereof include water, alcohols,
carboxylic acids, ethers, halogenated hydrocarbons, and
aromatic hydrocarbons.

[0906]Examples of the alcohols include methanol, ethanol,
l-propanol, and isopropanol. Among these, methanol and
ethanol are preferable.

[0907] Examples of the carboxylic acids include acetic
acid and propionic acid. Among these, acetic acid is
preferable.

[0908] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0909] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0910] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0911] The ozonolysis temperature in step (201d) is

preferably -78 to 200°C, more preferably 0 to 150°C.
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[0912] The ozonolysis pressure in step (201d) 1is
preferably 0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.
[0913] The ozonolysis time in step (201d) is preferably
0.1 to 72 hours, more preferably 0.1 to 48 hours.

[0914] The compound (10d) and the compound (20d) can be
produced also by a production method including: step
(301d) of obtaining a compound (301d) represented by the

following formula:

O

/
Rz‘d—CH—\CH—Y‘d—OH

wherein R

and Y'? are defined as mentioned above,
by epoxidizing a compound (300d) represented by the
following formula:

R*'9-CH=CH-Y'?-0OH

wherein Y'® is defined as mentioned above, Rt

is H,
a linear or branched alkyl group optionally having a
substituent and having one or more carbon atoms, or a
cyclic alkyl group optionally having a substituent and
having three or more carbon atoms and may contain a
monovalent or divalent heterocycle or may form a ring, in
the case of having three or more carbon atoms; step

(302d) of obtaining a compound (302d) represented by the

following formula:

R?'"Y“—CH—CH—Y'—0H

| |
R22d L
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wherein Rﬂd, R?’? and Y'Y are defined as mentioned

above, by reacting the compound (301d) with a
dialkylcopper lithium represented by:
R*?%,Culi

wherein R?*%¢

s are each a linear or branched alkyl
group optionally having a substituent and having one or
more carbon atoms or a cyclic alkyl group optionally
having a substituent and having three or more carbon
atoms and may contain a monovalent or divalent
heterocycle or may form a ring, in the case of having

three or more carbon atoms; and step (303d) of obtaining

a compound (303d) represented by the following formula:

R?'Y—CcH—Cc—Y'‘—0H

loog |l
g22d ()

21 22
ol R ol

wherein R*'9, , and Y'¥ are defined as mentioned

above, by oxidizing the compound (302d).

[0915] The alkyl group serving as R

is preferably free
from carbonyl groups.

In the alkyl group serving as R*'Y, 75% or less of
hydrogen atoms bonded to carbon atoms may be substituted
with halogen atoms, 50% or less thereof may be
substituted with halogen atoms, or 25% or less thereof
may be substituted with halogen atoms, but the alkyl
group is preferably a non-halogenated alkyl group free

from halogen atoms such as fluorine atoms and chlorine

atoms.
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The alkyl group preferably does not contain any
substituents.
[0916] R?* is preferably H, a linear or branched alkyl
group optionally having a substituent and having 1 to 8
carbon atoms, or a cyclic alkyl group optionally having a
substituent and having 3 to 8 carbon atoms, more
preferably H, a linear or branched alkyl group free from
carbonyl groups and having 1 to 8 carbon atoms, or a
cyclic alkyl group free from carbonyl groups and having 3
to 8 carbon atoms, further preferably H or a linear or
branched alkyl group having 1 to 8 carbon atoms and
having no substituents, particularly preferably H or a
methyl group (-CHj3), most preferably H.

22d {5 preferably

[0917] The alkyl group serving as each R
free from carbonyl groups.

In the alkyl group serving as each R**Y, 75% or less
of hydrogen atoms bonded to carbon atoms may be
substituted with halogen atoms, 50% or less thereof may
be substituted with halogen atoms, or 25% or less thereof
may be substituted with halogen atoms, but the alkyl
group 1is preferably a non-halogenated alkyl group free
from halogen atoms such as fluorine atoms and chlorine
atoms.

The alkyl group preferably does not contain any
substituents.

[0918] R??ds are each preferably a linear or branched

alkyl group optionally having a substituent and having 1
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to 9 carbon atoms or a cyclic alkyl group optionally
having a substituent and having 3 to 9 carbon atoms, more
preferably a linear or branched alkyl group free from
carbonyl groups and having 1 to 9 carbon atoms or a
cyclic alkyl group free from carbonyl groups and having 3
to 9 carbon atoms, further preferably a linear or
branched alkyl group having 1 to 9 carbon atoms and
having no substituents, particularly preferably a methyl
group (—CH3) or an ethyl group (-CyHs), most preferably a
methyl group (-CHj).

[0919] Two R?%dg may be the same as or different from each
other.

[0920] R**® and R?**%s preferably have 1 to 7 carbon atoms,
more preferably 1 to 2, most preferably 1, in total.
[0921] The epoxidation in step (301d) can be performed by
allowing an epoxidizing agent to act on the compound
(3004d) .

[0922] Examples of the epoxidizing agent include peracids
such as metachloroperbenzoic acid (m-CPBA), perbenzoic
acid, hydrogen peroxide, and tert-butyl hydroperoxide,
dimethyldioxirane, and methyltrifluoromethyldioxirane.
Among these, peracids are preferable, and
metachloroperbenzoic acid is more preferable. The
epoxidizing agent can be used in an amount of 0.5 to 10.0
mol relative to 1 mol of the compound (300d).

[0923] The epoxidation in step (301d) can be performed in

a solvent. The solvent is preferably an organic solvent,



- 262 -

and examples thereof include ketones, ethers, halogenated
hydrocarbons, aromatic hydrocarbons, nitriles, pyridines,
nitrogen-containing polar organic compounds, and
dimethylsulfoxides. Among these, dichloromethane is
preferable.

[0924] Examples of the ketones include acetone, methyl
ethyl ketone, methyl isobutyl ketone, cyclohexanone, and
diacetone alcohol. Among these, acetone is preferable.
[0925] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0926] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0927] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0928] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0929] Examples of the nitrogen-containing polar organic
compounds include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,

and 1, 3-dimethyl-2-imidazolidinone. Among these, N,N-
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dimethylformamide, N,N-dimethylacetamide, and N-methyl-2-
pyrrolidone are preferable.

[0930] The epoxidation temperature in step (301d) 1is
preferably -78 to 200°C, more preferably -40 to 150°C.
[0931] The epoxidation pressure in step (301d) is
preferably 0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.
[0932] The epoxidation time in step (301d) is preferably
0.1 to 72 hours, more preferably 0.1 to 48 hours.

[0933] The dialkylcopper lithium can be used in step
(302d) in an amount of 0.5 to 10.0 mol relative to 1 mol
of the compound (3014d).

[0934] The reaction in step (302d) can be performed in a
solvent. The solvent is preferably an organic solvent,
and examples thereof include ethers, halogenated
hydrocarbons, and aromatic hydrocarbons.

[0935] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0936] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0937] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and

toluene are preferable.
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[0938] The reaction temperature in step (302d) 1is
preferably -78 to 200°C, more preferably -40 to 150°C.
[0939] The reaction pressure in step (302d) is preferably
0 to 5.0 MPa, more preferably 0.1 to 1.0 MPa.

[0940] The reaction time in step (302d) is preferably 0.1
to 72 hours, more preferably 0.1 to 48 hours.

[0941] Examples of the method for oxidizing the compound
(302d) in step (303d) include a method (a) of using Jones
reagent (Cr0O3/H;S04) (Jones oxidation), a method (d) of
using Dess—-Martin Periodinane (DMP) (Dess-Martin
oxidation), a method (c) of using pyridinium
chlorochromate (PCC), a method (d) of allowing a bleach
(about 5 to 6% NaOCl aqueous solution) to act in the
presence of a nickel compound such as NiCl,, and a method
(e) of allowing a hydrogen receptor such as an aldehyde
and a ketone to act in the presence of an aluminum
catalyst such as Al (CHs)3; and A1[OCH(CHs),]35 (Oppenauer
oxidation).

[0942] The oxidation in step (303d) can be performed in a
solvent. As the solvent, water and an organic solvent
are preferable, and examples thereof include water,
ketones, alcohols, ethers, halogenated hydrocarbons,
aromatic hydrocarbons, and nitriles.

[0943] Examples of the ketones include acetone, methyl
ethyl ketone, methyl isobutyl ketone, cyclohexanone, and

diacetone alcohol. Among these, acetone is preferable.
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[0944]Examples of the alcohols include methanol, ethanol,
l-propanol, and isopropanol. Among these, methanol and
ethanol are preferable.

[0945] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0946] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0947] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and
toluene are preferable.

[0948] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0949] The oxidation temperature in step (303d) is
preferably -78 to 200°C and can be appropriately selected
corresponding to the method employed.

[0950] The oxidation pressure in step (303d) is
preferably 0 to 5.0 MPa and can be appropriately selected
corresponding to the method employed.

[0951] The oxidation time in step (303d) is preferably
0.1 to 72 hours and can be appropriately selected

corresponding to the method employed.
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[0952] The compound (10d) and the compound (20d) can be
produced also by a production method including: step
(401d) of obtaining a compound (401d) represented by the

following formula:

R”d—CHz—ﬁ—Yw—OH
0

1d and Y'Y are defined as mentioned above,

wherein R
by oxidizing a compound (100d) represented by the
following formula:

R''9-CH=CH-Y'?-0OH

Hd and Y'Y are defined as mentioned above.

wherein R
[0953] The oxidation in step (401d) can be performed by
allowing an oxidant to act on the compound (100d) in the
presence of water and a palladium compound.

[0954] Examples of the oxidant include monovalent or
divalent copper salts such as copper chloride, copper
acetate, copper cyanide, and copper trifluoromethanethiol,
iron salts such as iron chloride, iron acetate, iron
cyanide, iron trifluoromethanethiol, and hexacyanoiron,
benzoquinones such as 1,4-benzoquinone, 2,3-dichloro-5, 6-
dicyano-1,4-benzoquinone, tetrachloro-1,2-benzogquinone,
and tetrachloro-1,4-benzoquinone, H;0,, MnO,, KMnO,;, RuOQg4,
m-chloroperbenzoic acid, and oxygen. Among these, copper
salts, iron salts, and benzoguinones are preferable, and
copper chloride, iron chloride, and 1,4-benzogquinone are

more preferable.
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The oxidant can be used in an amount of 0.001 to 10
mol, relative to 1 mol of the compound (100d).
[0955] The water can be used in an amount of 0.5 to 1000
mol, relative to 1 mol of the compound (100d).
[0956] Examples of the palladium compound include
palladium dichloride. The palladium compound can be used
in an amount equal to that of catalyst, such as an amount
of 0.0001 to 1.0 mol, relative to 1 mol of the compound
(1004d) .
[0957] The oxidation in step (401d) can be performed in a
solvent. Examples of the solvent include water, esters,
aliphatic hydrocarbons, aromatic hydrocarbons, alcohols,
carboxylic acids, ethers, halogenated hydrocarbons,
nitrogen-containing polar organic compounds, nitriles,
dimethylsulfoxides, and sulfolanes.
[0958] Examples of the esters include ethyl acetate,
butyl acetate, ethylene glycol monomethyl ether acetate,
and propylene glycol monomethyl ether acetate (PGMEA,
also known as l-methoxy —-2-acetoxypropane). Among these,
ethyl acetate is preferable.
[0959] Examples of the aliphatic hydrocarbons include
hexane, cyclohexane, heptane, octane, nonane, decane,
undecane, dodecane, and petroleum spirit. Among these,
cyclohexane and heptane are preferable.
[0960] Examples of the aromatic hydrocarbons include
benzene, toluene, and xylenes. Among these, benzene and

toluene are preferable.
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[0961] Examples of the alcohol include methanol, ethanol,
l-propanol, and isopropanol.

[0962] Examples of the carboxylic acids include acetic
acid and propionic acid. Among these, acetic acid is
preferable.

[0963] Examples of the ethers include diethyl ether,
tetrahydrofuran, dioxane, and diethylene glycol diethyl
ether. Among these, diethyl ether and tetrahydrofuran
are preferable.

[0964] Examples of the halogenated hydrocarbons include
dichloromethane, dichloroethane, chloroform,
chlorobenzene, and o-dichlorobenzene. Among these,
dichloromethane and chloroform are preferable.

[0965] Examples of the nitrogen-containing polar organic
compounds include N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, 2-pyrrolidone,
and 1,3-dimethyl-2-imidazolidinone. Among these, N,N-
dimethylformamide, N,N-dimethylacetamide, and N-methyl-2-
pyrrolidone are preferable.

[0966] Examples of the nitriles include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile, and
benzonitrile. Among these, acetonitrile is preferable.
[0967] The oxidation temperature in step (401d) 1is
preferably -78 to 200°C, more preferably -20 to 150°C.
[0968] The oxidation pressure in step (401d) is

preferably 0 to 10 MPa, more preferably 0.1 to 5.0 MPa.
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[0969] The oxidation time in step (401d) is preferably
0.1 to 72 hours, more preferably 0.1 to 48 hours.
[0970] The surfactant (d) can be produced also by a
production method including: step (31d) of obtaining a

compound (31d) represented by the following formula:

R ‘d—CHz—clT‘{CRZ"ZHOR“HCR“Z)—L—COOX"
n p q
0

4d

wherein R?*? to R*Y, 1, R

, n, p, q, and X% are
defined as mentioned above, by oxidizing a compound (30d)
represented by the following formula:
R''9-CH=CH- (CR*%,) ,— (OR’¥) ,— (CR*%;) ;—L—-COOX"

wherein R*? to Rmy Rud, n, p, g, and X% are defined
as mentioned above, L is a single bond, -CO,-B-*, —-0OCO-B-
*, —CONR®°¥-B-*, -NR°‘CO-B-*, or -CO- (however, excluding
carbonyl groups contained in -CO,-B-, -0CO-B-, —CONRM—B—,
and -NR®*‘CO-B-), B is a single bond or an alkylene group
optionally having a substituent and having 1 to 10 carbon
atoms, R®® is H or an alkyl group optionally having a
substituent and having 1 to 4 carbon atoms, the alkylene
group is more preferably has 1 to 5 carbon atoms, R% is
more preferably H or a methyl group, and the symbol *
represents the side bonded to -C00X® in the formula.
[0971] The oxidation in step (31d) can be performed by
allowing an oxidant to act on the compound (30d) in the

presence of water and a palladium compound, and the same
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conditions as in the oxidation in step (401d) can be
employed therefor.
[0972] In any of the aforementioned production methods,
the solvent may be distilled off, evaporated, or purified
after the completion of each step, so as to enhance the
purity of the compound to be obtained. Further, when the
compound to be obtained is a compound in which X% is H,
such as —-SO3H and —-COOH, such a group can be converted
into a salt form by contact with an alkali such as sodium
carbonate and ammonia.
[0973]In the production methods of the present invention,
two or more of the aforementioned hydrocarbon surfactants
may be used at the same time.
[0974] The present invention is also a composition
containing PTFE and substantially free from a compound
represented by Formula (3) below:
Formula (3): (H-(CFy) §—SO3) M

wherein M? is H, a metal atom, NR% (where R’s are
optionally the same or different and are each H or an
organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and g is 1 or 2.
[0975] Examples of the PTFE include PTFEs such as homo
PTFE and modified PTFE described in the method for

producing an aqueous dispersion of purified PTFE.
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The composition substantially free from the compound
represented by Formula (3) above and the composition
containing a specific amount of a compound represented by
Formula (4), (4'), (5), (5"), (6), (6"), or (7), which
will be described below, are preferably obtained by
fluorinating a PTFE obtained by polymerization using a
hydrocarbon surfactant. The larger the fluorination time
and the amount added, the more the compound represented
by Formula (3), (4), (4'), (5), (5"), (6), (6"), or (7)
can be reduced. The fluorination is preferably performed
at a high temperature, and the amount of the fluorine
radical source added is preferably large. For example,
the fluorination is preferably performed over 100°C, and
the amount of the fluorine radical source added is
preferably 0.5 parts by weight or more per 100 parts by
weight of PTFE in terms of fluorine atoms.

[0976] The composition of the present invention is
substantially free from the compound represented by
Formula (3).

To be substantially free from the compound
represented by Formula (3), for example, may mean to
contain the compound represented by Formula (3) in an
amount of 1000 ppb or less with respect to PTFE. The
content of the compound represented by Formula (3) is
preferably 500 ppb or less, more preferably 100 ppb or
less, further preferably 25 ppb or less, particularly

preferably 15 ppb or less, furthermore preferably 10 ppb
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or less, with respect to PTFE. The lower limit is not
limited but may be 0 ppb, 0.1 ppb, or 1 ppb.

When the composition of the present invention is an
aqueous dispersion, the gquantitation limit, as determined
by measuring the content of the compound represented by
Formula (3) according to the later-described method, 1is
about 10 to 100 ppb but can be reduced by concentration.
The concentration may be repeated multiple times.

[0977] One aspect of the present invention may be a
composition that is an aqueous dispersion or a
composition that is powder. The aqueous dispersion may
be an aqueous dispersion after polymerization or may be
an aqueous dispersion that is processed after
polymerization. For example, a nonionic surfactant or
the like may be added thereto for the mechanical
stability or the storage stability.

[0978] The aqueous dispersion is a dispersion system
using an aqueous medium as a dispersion medium and the
PTFE as a dispersoid. The aqueous medium is not limited
as long as it is a liquid containing water. For example,
the aqueous medium may be a liquid containing an organic
solvent such as alcohols, ethers, ketones, and paraffin
waxes in addition to water.

[0979] When a PTFE is produced using a hydrocarbon
surfactant, the aqueous dispersion to be obtained may
contain a compound represented by Formula (4), (4'), (5),

or (5') below in some cases. One aspect of the present
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invention is a composition containing a compound
represented by Formula (4), (4'), (5), or (5') below in
an amount falling within the following range.

Further, a nonionic surfactant may be added to the
aqueous dispersion for enhancing the stability. The
nonionic surfactant is not limited, and a conventionally
known nonionic surfactant can be employed.

[0980] One aspect of the present invention is a
composition containing a compound represented by Formula
(4) below in an amount of 1000 ppb or less with respect
to PTFE and 1%/PTFE or more of a nonionic surfactant with
respect to PTFE. For example, the upper limit of the
content of the nonionic surfactant is preferably 40%/PTFE,
more preferably 30%/PTFE, further preferably 20%/PTFE.
The content of the compound represented by Formula (4) is
more preferably 500 ppb or less, further preferably 100
ppb or less, particularly preferably 25 ppb or less,
furthermore preferably 15 ppb or less, furthermore
preferably 10 ppb or less. The lower limit is not
limited but may be 0.1 ppb or 1 ppb:

Formula (4): (H-(CF;),—-COO) M"

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium

optionally having a substituent, and p is 1 or 2.



- 274 -

[0981] One aspect of the present invention is a
composition containing a compound represented by Formula
(4') below in an amount of 1000 ppb or less with respect
to PTFE and 1%/PTFE or more of a nonionic surfactant.
For example, the upper limit of the content of the
nonionic surfactant is preferably 40%/PTFE, more
preferably 30%/PTFE, further preferably 20%/PTFE. The
content of the compound represented by Formula (4') is
more preferably 500 ppb or less, further preferably 100
ppb or less, particularly preferably 25 ppb or less,
furthermore preferably 15 ppb or less, furthermore
preferably 10 ppb or less. The lower limit is not
limited but may be 0.1 ppb or 1 ppb:
Formula (4'): (H-(CF;)g—COO) M"

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.
[0982] One aspect of the present invention is a
composition containing: at least any one of a compound
represented by Formula (4) below and a compound
represented by Formula (4') below, wherein the content of
the compound represented by Formula (4) is 1000 ppb or
less with respect to PTFE, and the content of the

compound represented by Formula (4') is 1000 ppb or less
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with respect to PTFE; and a nonionic surfactant in an
amount of 1%/PTFE or more. For example, the upper limit
of the content of the nonionic surfactant is preferably
40%/PTFE, more preferably 30%/PTFE, further preferably
20%/PTFE. The content of the compound represented by
Formula (4) is more preferably 500 ppb or less, further
preferably 100 ppb or less, particularly preferably 25
ppb or less, furthermore preferably 15 ppb or less,
furthermore preferably 10 ppb or less. The lower limit
of the content of the compound represented by Formula (4)
is not limited but may be 0 ppb, 0.1 ppb, or 1 ppb. The
content of the compound represented by Formula (4') is
more preferably 500 ppb or less, further preferably 100
ppb or less, particularly preferably 25 ppb or less,
furthermore preferably 15 ppb or less, furthermore
preferably 10 ppb or less. The lower limit of the
content of the compound represented by Formula (4') is
not limited but may be 0 ppb, 0.1 ppb, or 1 ppb:
Formula (4): (H-(CF;),—-COO) M"

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2; and

Formula (4'): (H-(CF;)g—COO) M"
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wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.
[0983] One aspect of the present invention is a
composition containing a compound represented by Formula
(5) below in an amount of 1000 ppb or less with respect
to PTFE and 1%/PTFE or more of a nonionic surfactant.
For example, the upper limit of the content of the
nonionic surfactant is preferably 40%/PTFE, more
preferably 30%/PTFE, further preferably 20%/PTFE. The
content of the compound represented by Formula (5) is
more preferably 500 ppb or less, further preferably 100
ppb or less, particularly preferably 25 ppb or less,
furthermore preferably 15 ppb or less, furthermore
preferably 10 ppb or less. The lower limit is not
limited but may be 0.1 ppb or 1 ppb:
Formula (5): (H-(CF3)13-COO) M"

wherein M! is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium

optionally having a substituent, and p is 1 or 2.
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[0984] One aspect of the present invention is a
composition containing a compound represented by Formula
(5') below in an amount of 1000 ppb or less with respect
to PTFE and 1%/PTFE or more of a nonionic surfactant.
For example, the upper limit of the content of the
nonionic surfactant is preferably 40%/PTFE, more
preferably 30%/PTFE, further preferably 20%/PTFE. The
content of the compound represented by Formula (5') is
more preferably 500 ppb or less, further preferably 100
ppb or less, particularly preferably 25 ppb or less,
furthermore preferably 15 ppb or less, furthermore
preferably 10 ppb or less. The lower limit is not
limited but may be 0.1 ppb or 1 ppb:
Formula (5'): (H-(CFy)14—COO) M"

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.
[0985] One aspect of the present invention is a
composition containing: at least any one of a compound
represented by Formula (5) below and a compound
represented by Formula (5') below, wherein the content of
the compound represented by Formula (5) is 1000 ppb or
less with respect to PTFE, and the content of the

compound represented by Formula (5') is 1000 ppb or less
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with respect to PTFE; and a nonionic surfactant in an
amount of 1%/PTFE or more. For example, the upper limit
of the content of the nonionic surfactant is preferably
40%/PTFE, more preferably 30%/PTFE, further preferably
20%/PTFE. The content of the compound represented by
Formula (5) is more preferably 500 ppb or less, further
preferably 100 ppb or less, particularly preferably 25
ppb or less, furthermore preferably 15 ppb or less,
furthermore preferably 10 ppb or less. The lower limit
of the content of the compound represented by Formula (5)
is not limited but may be 0 ppb, 0.1 ppb, or 1 ppb. The
content of the compound represented by Formula (5') is
more preferably 500 ppb or less, further preferably 100
ppb or less, particularly preferably 25 ppb or less,
furthermore preferably 15 ppb or less, furthermore
preferably 10 ppb or less. The lower limit of the
content of the compound represented by Formula (5') is
not limited but may be 0 ppb, 0.1 ppb, or 1 ppb:
Formula (5): (H-(CFy)13-COO0) M

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2; and

Formula (5'): (H-(CFy)14—COO) M"
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wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.
[0986] One aspect of the present invention is a
composition containing a compound represented by Formula
(6) below in an amount of 1000 ppb or less with respect
to PTFE and 1%/PTFE or more of a nonionic surfactant.
For example, the upper limit of the content of the
nonionic surfactant is preferably 40%/PTFE, more
preferably 30%/PTFE, further preferably 20%/PTFE. The
content of the compound represented by Formula (6) is
more preferably 500 ppb or less, further preferably 100
ppb or less, particularly preferably 25 ppb or less,
furthermore preferably 15 ppb or less, furthermore
preferably 10 ppb or less. The lower limit is not
limited but may be 0.1 ppb or 1 ppb:
Formula (6): (H-(CFy)17—-COO) M"

wherein M! is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium

optionally having a substituent, and p is 1 or 2.
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[0987] One aspect of the present invention is a
composition containing a compound represented by Formula
(6'") below in an amount of 1000 ppb or less with respect
to PTFE and 1%/PTFE or more of a nonionic surfactant.
For example, the upper limit of the content of the
nonionic surfactant is preferably 40%/PTFE, more
preferably 30%/PTFE, further preferably 20%/PTFE. The
content of the compound represented by Formula (6') is
more preferably 500 ppb or less, further preferably 100
ppb or less, particularly preferably 25 ppb or less,
furthermore preferably 15 ppb or less, furthermore
preferably 10 ppb or less. The lower limit is not
limited but may be 0.1 ppb or 1 ppb:
Formula (6'): (H-(CFy)15—COO) M"

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.
[0988] One aspect of the present invention is a
composition containing: at least any one of a compound
represented by Formula (6) below and a compound
represented by Formula (6') below, wherein the content of
the compound represented by Formula (6) is 1000 ppb or
less with respect to PTFE, and the content of the

compound represented by Formula (6') is 1000 ppb or less
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with respect to PTFE; and a nonionic surfactant in an
amount of 1%/PTFE or more. For example, the upper limit
of the content of the nonionic surfactant is preferably
40%/PTFE, more preferably 30%/PTFE, further preferably
20%/PTFE. The content of the compound represented by
Formula (6) is more preferably 500 ppb or less, further
preferably 100 ppb or less, particularly preferably 25
ppb or less, furthermore preferably 15 ppb or less,
furthermore preferably 10 ppb or less. The lower limit
of the content of the compound represented by Formula (6)
is not limited but may be 0 ppb, 0.1 ppb, or 1 ppb. The
content of the compound represented by Formula (6') is
more preferably 500 ppb or less, further preferably 100
ppb or less, particularly preferably 25 ppb or less,
furthermore preferably 15 ppb or less, furthermore
preferably 10 ppb or less. The lower limit of the
content of the compound represented by Formula (6') is
not limited but may be 0 ppb, 0.1 ppb, or 1 ppb:
Formula (6): (H-(CFy)17—COO) M"

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2; and

Formula (6'): (H-(CFy)15—COO) M"



- 282 -

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.
[0989] When a PTFE is produced using a hydrocarbon
surfactant, the PTFE powder to be obtained may contain a
compound represented by Formula (1), (2), (3), (4), ((4"),
(5), (5'), (6), or (6'") below in some cases. When the
composition of the present invention is powder, the
content of the compound represented by Formula (1), (2),
(3), (4), (4", (5), (5"), (6), or (6') preferably falls
within the following range.
[0990] One aspect of the present invention is a
composition containing a compound represented by Formula
(4) below in an amount of 1000 ppb or less with respect
to PTFE. The content of the compound represented by
Formula (4) is more preferably 500 ppb or less, further
preferably 100 ppb or less, particularly preferably 25
ppb or less, furthermore preferably 15 ppb or less,
furthermore preferably 10 ppb or less. The lower limit
is not limited but may be 0.1 ppb or 1 ppb:
Formula (4): (H-(CFz) 7—COO) M"

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H

or an organic group having 1 to 10 carbon atoms), an
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imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.
[0991] One aspect of the present invention is a
composition containing a compound represented by Formula
(4') below in an amount of 1000 ppb or less with respect
to PTFE. The content of the compound represented by
Formula (4') is more preferably 500 ppb or less, further
preferably 100 ppb or less, particularly preferably 25
ppb or less, furthermore preferably 15 ppb or less,
furthermore preferably 10 ppb or less. The lower limit
is not limited but may be 0.1 ppb or 1 ppb:
Formula (4'): (H-(CF3)g—COO) M"

wherein M! is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.
[0992] One aspect of the present invention is a
composition containing at least any one of a compound
represented by Formula (4) below and a compound
represented by Formula (4') below, wherein the content of
the compound represented by Formula (4) is 1000 ppb or
less with respect to PTFE, and the content of the
compound represented by Formula (4') is 1000 ppb or less

with respect to PTFE. The content of the compound
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represented by Formula (4) is more preferably 500 ppb or
less, further preferably 100 ppb or less, particularly
preferably 25 ppb or less, furthermore preferably 15 ppb
or less, furthermore preferably 10 ppb or less. The
lower limit of the content of the compound represented by
Formula (4) is not limited but may be 0 ppb or 1 ppb.
The content of the compound represented by Formula (4')
is more preferably 500 ppb or less, further preferably
100 ppb or less, particularly preferably 25 ppb or less,
furthermore preferably 15 ppb or less, furthermore
preferably 10 ppb or less. The lower limit of the
content of the compound represented by Formula (4') is
not limited but may be 0 ppb, 0.1 ppb, or 1 ppb:
Formula (4): (H-(CF;),—-COO) M"

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2; and
Formula (4'): (H-(CF;)g—COO) M"

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium

optionally having a substituent, and p is 1 or 2.
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[0993] One aspect of the present invention is a
composition containing a compound represented by Formula
(5) below in an amount of 1000 ppb or less with respect
to PTFE. The content of the compound represented by
Formula (5) is more preferably 500 ppb or less, further
preferably 100 ppb or less, particularly preferably 25
ppb or less, furthermore preferably 15 ppb or less,
furthermore preferably 10 ppb or less. The lower limit
is not limited but may be 0.1 ppb or 1 ppb:
Formula (5): (H-(CF3)13-COO) M"

wherein M! is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.
[0994] One aspect of the present invention is a
composition containing a compound represented by Formula
(5") below in an amount of 1000 ppb or less with respect
to PTFE. The content of the compound represented by
Formula (5') is more preferably 500 ppb or less, further
preferably 100 ppb or less, particularly preferably 25
ppb or less, furthermore preferably 15 ppb or less,
furthermore preferably 10 ppb or less. The lower limit
is not limited but may be 0.1 ppb or 1 ppb:

Formula (5'): (H-(CFy)14—COO) M"



- 286 -

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.
[0995] One aspect of the present invention is a
composition containing at least any one of a compound
represented by Formula (5) below and a compound
represented by Formula (5') below, wherein the content of
the compound represented by Formula (5) is 1000 ppb or
less with respect to PTFE, and the content of the
compound represented by Formula (5') is 25 ppb or less
with respect to PTFE. The content of the compound
represented by Formula (5) is more preferably 500 ppb or
less, further preferably 100 ppb or less, particularly
preferably 25 ppb or less, furthermore preferably 15 ppb
or less, furthermore preferably 10 ppb or less. The
lower limit of the content of the compound represented by
Formula (5) is not limited but may be 0 ppb, 0.1 ppb, or
1 ppb. The content of the compound represented by
Formula (5') is more preferably 500 ppb or less, further
preferably 100 ppb or less, particularly preferably 25
ppb or less, furthermore preferably 15 ppb or less,
furthermore preferably 10 ppb or less. The lower limit
of the content of the compound represented by Formula

(5') is not limited but may be 0 ppb, 0.1 ppb, or 1 ppb:
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Formula (5): (H-(CF3)13-COO) M"

wherein M! is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2; and
Formula (5'): (H-(CF3)14—COO) M"

wherein M! is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.
[0996] One aspect of the present invention is a
composition containing a compound represented by Formula
(6) below in an amount of 1000 ppb or less with respect
to PTFE. The content of the compound represented by
Formula (6) is more preferably 500 ppb or less, further
preferably 100 ppb or less, particularly preferably 25
ppb or less, furthermore preferably 15 ppb or less,
furthermore preferably 10 ppb or less. The lower limit
is not limited but may be 0.1 ppb or 1 ppb:
Formula (6): (H-(CFy)17—COO) M

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H

or an organic group having 1 to 10 carbon atoms), an
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imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.
[0997] One aspect of the present invention is a
composition containing a compound represented by Formula
(6'") below in an amount of 1000 ppb or less with respect
to PTFE. The content of the compound represented by
Formula (6') is more preferably 500 ppb or less, further
preferably 100 ppb or less, particularly preferably 25
ppb or less, furthermore preferably 15 ppb or less,
furthermore preferably 10 ppb or less. The lower limit
is not limited but may be 0.1 ppb or 1 ppb:
Formula (6'): (H-(CF3)13—COO) M"

wherein M! is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.
[0998] One aspect of the present invention is a
composition containing at least any one of a compound
represented by Formula (6) below and a compound
represented by Formula (6') below, wherein the content of
the compound represented by Formula (6) is 1000 ppb or
less with respect to PTFE, and the content of the
compound represented by Formula (6') is 1000 ppb or less

with respect to PTFE. The content of the compound
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represented by Formula (6) is more preferably 500 ppb or
less, further preferably 100 ppb or less, particularly
preferably 25 ppb or less, furthermore preferably 15 ppb
or less, furthermore preferably 10 ppb or less. The
lower limit of the content of the compound represented by
Formula (6) is not limited but may be 0 ppb, 0.1 ppb, or
1 ppb. The content of the compound represented by
Formula (6') is more preferably 500 ppb or less, further
preferably 100 ppb or less, particularly preferably 25
ppb or less, furthermore preferably 15 ppb or less,
furthermore preferably 10 ppb or less. The lower limit
of the content of the compound represented by Formula
(6'") is not limited but may be 0 ppb, 0.1 ppb, or 1 ppb:
Formula (6): (H-(CFy)17—COO) M"

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2; and
Formula (6'): (H-(CFy)15—COO) M"

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium

optionally having a substituent, and p is 1 or 2.
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[0999] One aspect of the present invention is a

composition containing a compound represented by Formula

(2) below,
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PTFE, and the content of the compound when n is 20 is
1000 ppb or less with respect to PTFE:
Formula (2): (H-(CF3),—S03) M

wherein n is 4 to 20, M? is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and g
is 1 or 2.

The content of the compound when n is 4 to 20 is
more preferably 500 ppb or less, further preferably 100
ppb or less, particularly preferably 25 ppb or less,
furthermore preferably 15 ppb or less, furthermore
preferably 10 ppb or less, in each case. The lower limit
is not limited but may be 0 ppb, 0.1 ppb, or 1 ppb. In
the composition of the present invention, the content of
the compound represented by Formula (2) may be 0 ppb in
any case.

[1000] One aspect of the present invention is a
composition containing a compound represented by Formula
(1) below, wherein the content of the compound when m is
3 is 1000 ppb or less with respect to PTFE, the content
of the compound when m is 4 is 1000 ppb or less with
respect to PTFE, the content of the compound when m is 5
is 1000 ppb or less with respect to PTFE, the content of

the compound when m is 6 is 1000 ppb or less with respect
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to PTFE, the content of the compound when m is 7 is 1000
ppb or less with respect to PTFE, the content of the
compound when m is 8 is 1000 ppb or less with respect to
PTFE, the content of the compound when m is 9 is 1000 ppb
or less with respect to PTFE, the content of the compound
when m is 10 is 1000 ppb or less with respect to PTFE,
the content of the compound when m is 11 is 1000 ppb or
less with respect to PTFE, the content of the compound
when m is 12 is 1000 ppb or less with respect to PTFE,
the content of the compound when m is 13 is 1000 ppb or
less with respect to PTFE, the content of the compound
when m is 14 is 1000 ppb or less with respect to PTFE,
the content of the compound when m is 15 is 1000 ppb or
less with respect to PTFE, the content of the compound
when m is 16 is 1000 ppb or less with respect to PTFE,
the content of the compound when m is 17 is 1000 ppb or
less with respect to PTFE, the content of the compound
when m is 18 is 1000 ppb or less with respect to PTFE,
and the content of the compound when m is 19 is 1000 ppb
or less with respect to PTFE:
Formula (1): (H-(CF;),—COO) M"

wherein m is 3 to 19, M' is H, a metal atom, NR”,
(where R’s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a

substituent, a pyridinium optionally having a substituent,
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or a phosphonium optionally having a substituent, and p
is 1 or 2.

The content of the compound when m is 3 to 19 is
more preferably 500 ppb or less, further preferably 100
ppb or less, particularly preferably 25 ppb or less,
furthermore preferably 15 ppb or less, furthermore
preferably 10 ppb or less, in each case. The lower limit
is not limited but may be 0 ppb, 0.1 ppb, or 1 ppb. One
aspect of the present invention is a composition
containing the compound represented by Formula (1) above
of any case.

[1001] The composition of the present invention may
further contain a compound represented by Formula (7)
below in an amount of 1000 ppb or less with respect to
PTFE:

Formula (7): (F-(CF;),—-CO0) M"

wherein M' is H, a metal atom, NR% (where R’s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2.

The composition containing the compound represented
by Formula (7) is obtained by fluorinating a PTFE
obtained by polymerization using a hydrocarbon surfactant.
As the fluorination temperature increases, the

fluorination time increases, or the amount of the
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fluorine radical source added increases, the content of
the compound represented by Formula (7) can be reduced.
Further, another step such as heating may be performed
after the fluorination. The compound represented by
Formula (7) can be reduced also by heating or the like
after the fluorination.

The content of the compound represented by Formula
(7) is preferably 500 ppm or less, more preferably 100
ppb or less, further preferably 25 ppb or less,
particularly preferably 5 ppb or less, with respect to
PTFE. The lower limit is not limited but may be 0 ppb,
0.1 ppb, or 1 ppb.

The ranges of the content of the compound
represented by Formula (7) can be combined with all the
amount ranges described above for the compounds
represented by Formulas (3), (4), (4'), (5), (5"), (6),
and (6').

In the composition of the present invention, the
content of the compound represented by Formula (3) may be
1000 ppb or less, the content of the compound represented
by Formula (4) or (4') may be 1000 ppb or less, and the
content of the compound represented by Formula (7) may be
1000 ppb or less, with respect to PTFE. Preferably, the
content of the compound represented by Formula (3) is 500
pprb or less, the content of the compound represented by
Formula (4) or (4') is 500 ppb or less, and the compound

represented by Formula (7) is 500 ppb or less. Further
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preferably, the content of the compound represented by
Formula (3) is 100 ppb or less, the content of the
compound represented by Formula (4) or (4') is 100 ppb or
less, and the compound represented by Formula (7) is 100
ppb or less. Particularly preferably, the content of the
compound represented by Formula (3) is 25 ppb or less,
the content of the compound represented by Formula (4) or
(4') is 25 ppb or less, and the compound represented by
Formula (7) is 25 ppb or less.
[1002] One aspect of the present invention is a
composition that is powder. When the composition of the
present invention is powder, the average particle size of
the powder is preferably 0.5 to 2000 pum. The lower limit
of the average particle size is more preferably 1 um, and
the upper limit thereof is more preferably 1000 um,
further preferably 800 um. In this description, the
average particle size is a particle size corresponding to
50% of the particle size distribution integration
obtained by measuring the particle size distribution at a
pressure of 0.1 MPa in a measurement time of 3 seconds,
using a laser diffraction particle size distribution
analyzer (manufactured by Japan Laser Corporation),
without using a cascade, in the case of a low molecular
weight PTFE.

Further, the average particle size is a value
measured according to JIS K6891, in the case of a high

molecular weight PTFE.
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[1003] In the powder, the color tone L* after firing is
preferably 25 or more, more preferably 50 or more,
further preferably 70 or more, particularly preferably 80
or more.
[1004] The sample for measuring the color tone L* is
obtained by forming 4.0 g of the PTFE powder into a disk-
shaped PTFE molded body with an inner diameter of 28.6 mm
and a thickness of about 4 mm.

The color tone L* of the powder is measured using a
colorimeter (CIELAB color scale) according to JIS 7Z8781-4.

The firing is carried out by heating in an electric
furnace heated to 385°C for 10 minutes.
[1005]The composition of the present invention is powder,
and the color tone change rate AL* before and after the
fluorination is preferably 70% or more, more preferably
80% or more, further preferably 90% or more.
[1006] The color tone change rate AL* is defined by the
following formula:
AL* (%) = (L*t—L*;)/ (L*sea—L*3) X 100

wherein L*; is the initial color tone and is a
measured value of L* in the CIELAB scale for the PTFE
before the fluorination, L*: is a color tone after the
treatment and is a measured value of L* in the CIELAB
scale for the PTFE after the fluorination, and L*ggq 1is
87.3
[1007] The fluorination is carried out by continuously

pouring a mixed gas (fluorine/nitrogen (volume ratio) =
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20/80) obtained by diluting a fluorine gas (F;) as a
fluorine radical source with nitrogen gas into a reactor
heated to 150°C or more under the atmospheric pressure at
a flow rate of about 50 cc/min for 480 minutes (8 hours).
[1008] In Formula (1), (2), (3), (4), 4"y, (5, (5"),
(6), or (6') above, four R’s may be the same as or
different from each other. R’ is preferably H or an
organic group having 1 to 10 carbon atoms, more
preferably H or an organic group having 1 to 4 carbon
atoms.
[1009] In the composition of the present invention, the
content of the compound represented by Formula (1), (2),
(3), (4), ((4"), (5), (5"), (6), or (6"') is a wvalue
measured using liquid chromatography mass spectrometry as
described in Examples below.
[1010] In the composition of the present invention, the
PTFE is preferably obtained by polymerization using a
hydrocarbon surfactant. The polymerization may be
performed by the aforementioned method of obtaining a
PTFE aqueous dispersion.

The composition of the present invention may contain
a hydrocarbon surfactant, and examples of the hydrocarbon
surfactant are as described above.

Other than the PTFE and the hydrocarbon surfactant,
conventionally known additives such as pigments and

fillers can be added to the composition. Such additives
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may be used within a range that does not inhibit the
effects of the present invention.

[1011] The composition of the present invention can be
produced using a hydrocarbon surfactant having a carbonyl
group or using a hydrocarbon surfactant having a carbonyl
group in combination with a specific polymerization
initiator.

[1012] Examples of the hydrocarbon surfactant having a
carbonyl group include carboxylate among the
aforementioned hydrocarbon surfactants.

Examples of the specific polymerization initiator
include water-soluble radical polymerization initiators
and redox initiators.

[1013] The water-soluble radical polymerization
initiators may be known water-soluble peroxides, and
examples thereof include ammonium salts such as
persulfates and percarbonates, potassium salts, sodium
salts, t-butyl permaleate, and t-butyl hydroperoxide.
The amount used may be 0.1 to 20 times with respect to
the peroxides.

[1014] Further, a redox initiator combining an oxidant
with a reductant is preferably used as a polymerization
initiator, for example, in the case of polymerization at
a low temperature of 30°C or less. Examples of the
oxidant include persulfate, organic peroxide, potassium
permanganate, manganese triacetate, and cerium ammonium

nitrate.
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Examples of the reductant include bromate, diimine,
and oxalic acid. Examples of the persulfates include
ammonium persulfate and potassium persulfate. Copper
salts or iron salts are also preferably added to the
combination of the redox initiator for increasing the
degradation rate of the initiator. Examples of the
copper salts include copper (II) sulfate, and examples of
the iron salts include iron (II) sulfate.

Examples of the redox initiator include potassium
permanganate/oxalic acid, manganese triacetate/oxalic
acid, cerium ammonium nitrate/oxalic acid, and bromate.
Potassium permanganate/oxalic acid is preferable. 1In the
case of using a redox initiator, polymerization may be
started by putting either the oxidant or the reductant
into a polymerization tank in advance and then adding the
other thereto continuously or intermittently. For
example, in the case of using potassium
permanganate/oxalic acid, it is preferable that oxalic
acid be put into a polymerization tank, and then
potassium permanganate be added thereto continuously.
[1015] Further, when performing the fluorination, the
composition of the present invention can be produced
without employing the combination of the hydrocarbon
surfactant having a carbonyl group with the specific
polymerization initiator.

The composition of the present invention can be

obtained by drying a PTFE obtained by polymerization
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using a hydrocarbon surfactant and thereafter performing
a fluorination step thereon.

In particular, a composition with a content of the
compound represented by Formula (1), (2), (3), (4), ((4"),
(5), (5"), (6), or (6'") of 25 ppb or less can be obtained
by this method.

[1016] The present invention is also a molded body
comprising the aforementioned composition. Further, the
molded body is preferably a stretched body. The molded
body and the stretched body of the present invention can
be produced by the aforementioned method for producing a
PTFE molded body or the like. Examples of the stretched
body include threads, tubes, tapes, and films (such as
uniaxially stretched films and biaxially stretched films),
but there is no limitation to these examples.

[1017] The molded body and the stretched body of the
present invention are composed of the aforementioned
composition. In the case of forming a molded body and a
stretched body, particularly, a stretched body, the
aforementioned composition is preferably the following
composition (PTFE composition).

[1018] The present invention also relates to an extruded
body composed of the aforementioned PTFE composition.
The PTFE extrudate is preferably obtained by paste
extrusion. The paste extrusion molding is preferably
performed by mixing PTFE powder with an extrusion aid.

The shape formed by the paste extrusion molding is not
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limited, but examples thereof include shapes of rods,
bars (beads), tapes, tubes, and wire coatings. The PTFE
molded body obtained by paste molding can be dried to
remove the extrusion aid. The drying of the extrusion
aid can be appropriately selected corresponding to the
boiling point of the extrusion aid used and can be
performed within a temperature range of 100 to 250°C.
The PTFE composition of the present invention has
stretchability and non-melt processability and is useful
also as a raw material for a stretched body (porous
material). An excellent stretched body can be obtained
by stretching the PTFE of the present invention. For
example, a stretched body can be obtained by paste
extrusion of powder of the PTFE composition of the
present invention mixed with an extrusion aid, followed
by rolling, as required, removal of the extrusion aid by
drying, and thereafter stretching in at least one
direction. The PTFE composition of the present invention
is easily fibrillated by stretching, thereby forming a
stretched body composed of nodules and fibers. This
stretched body is also a porous material having a high
porosity.
[1019] The present invention also relates to a stretched
body composed of the aforementioned PTFE composition.
The stretched body of the present invention can be
produced by paste extrusion and rolling of the

aforementioned PTFE composition, followed by unfiring or
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semi-firing, and stretching in at least one direction
(preferably, roll-stretching in the rolling direction and
then stretching in the width direction using a tenter).
The stretching conditions to be employed are preferably a
speed of 5 to 1000%/second and a stretch ratio of 500% or
more. The PTFE is easily fibrillated by stretching,
thereby forming a stretched body composed of nodules and
fibers. The porosity of the stretched body is not
limited but is generally preferably within the range of
50 to 99%, more preferably within the range of 70 to 98%.
The stretched body of the present invention may consist
only of the PTFE composition, or may contain the PTFE
composition and the aforementioned pigments or fillers,
but preferably consists only of the PTFE composition.
[1020] The stretched body of the present invention
preferably has a film, tube, fiber, or rod shape.

[1021] In the case of being a film (stretched film or
porous film), the stretched body of the present invention
can be stretched by a known PTFE stretching method.

Preferably, a uniaxially stretched film can be
obtained by roll-stretching a sheet-like or rod-like
paste extrudate in the extrusion direction.

A biaxially stretched film can be obtained by
stretching it further in the width direction with a
tenter or the like.

Semi-firing is also preferably performed before

stretching.
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[1022] The stretched body of the present invention is a
porous material having a high porosity and can be
suitably used as a filter medium for various precision
filtrations such as air filters and chemical filters, or
a support member for polymer electrolyte membranes.

Further, the stretched body of the present invention
is useful also as a material for products used in the
textile field, the medical field, the electrochemical
field, the field of sealing materials, the field of air
filtration, the field of ventilation/internal pressure
adjustment, the field of liquid filtration, and the field
of general consumer materials.

Specific applications are shown below as examples.
[1023] Electrochemical field

Examples of applications include dielectric material
prepregs, EMI shielding materials, and heat transfer
materials. More specifically, examples thereof include
print wiring boards, electromagnetic shielding materials,
electrically insulating heat transfer materials, and
insulating materials.
Field of sealing materials

Examples of applications include gaskets, packings,
pump diaphragms, pump tubes, and sealing materials for
aircrafts.
[1024] Field of air filtration

Examples of applications include ULPA filters (for

semiconductor production), HEPA filters (for hospitals
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and semiconductor production), cylinder cartridge filters
(for industrial use), bag filters (for industrial use),
heat resistant bag filters (for exhaust gas treatment),
heat resistant pleated filters (for exhaust gas
treatment), SINBRAN filters (for industrial use),
catalyst filters (for exhaust gas treatment), filters
with adsorbent (built in HDDs), ventilated filters with
adsorbent (built in HDDs), ventilated filters (built in
HDDs and for other applications), vacuum cleaner filters
(for vacuum cleaners), general-purpose multilayer felt
materials, GT cartridge filters (for compatible products
for GT), and cooling filters (for electronic equipment
housings) .
[1025] Field of ventilation/internal pressure adjustment

Examples of applications include materials for
freeze drying such as containers for freeze drying,
automotive ventilation materials for electronic circuits
and lamps, container applications such as container caps,
protective ventilation applications for electronic
devices including small terminals such as tablet
terminals and mobile phone terminals, and medical
ventilation applications.
[1026] Field of liquid filtration

Examples of applications include semiconductor
liquid filtration filters (for semiconductor production),
hydrophilic PTFE filters (for semiconductor production),

chemical filters (for chemical processing), pure water
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production line filters (for pure water production), and
backwash liquid filtration filters (for industrial
wastewater treatment).
[1027] Field of general consumer materials

Examples of applications include clothes, cable
guides (movable wires for motorcycles), clothes for
motorcycles, cast liners (medical supporters), vacuum
cleaner filters, bagpipes (instruments), cables (such as
signal cables for guitars), and strings (for stringed
instruments) .
[1028] Textile field

Examples of applications include PTFE fibers (fiber
materials), sewing threads (textiles), weaving yarns
(textiles), and ropes.
[1029] Medical field

Examples of applications include in-vivo implants
(stretched products), artificial blood vessels, catheters,
generally surgery (tissue reinforcing materials), head
and neck products (dura substitutes), oral health (tissue

regenerative medicine), and orthopedics (bandages).

EXAMPLES
[1030] Next, the present invention will be described by
way of experimental examples, but the present invention
is not limited only to such experimental examples.
[1031] The numerical values in the experimental examples

were measured by the following methods.
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[1032] Average primary particle size (nm)

The PTFE aqueous dispersion is diluted with water to
a solid content of 0.15 mass%, and the transmittance of
projected light at 550 nm with respect to the unit length
of the diluted latex obtained and the number-based,
length-average particle size determined by measuring a
particle size along a specified direction from a
transmission electron micrograph were measured, to plot a
calibration curve. Using the calibration curve, the
average primary particle size of the PTFE particles in
the PTFE aqueous dispersion was determined from the
actual transmittance of projected light at 550 nm through
each sample.

[1033] Solid content of PTFE (mass$%)

1 g of the PTFE aqueous dispersion was dried in an
air dryer under conditions of 150°C and 60 minutes, and a
value expressing the mass ratio of heating residue as a
percentage with respect to a mass (1 g) of the aqueous
dispersion was employed.

[1034] Standard specific gravity (SSG)

Using each sample formed according to ASTM D4895-89,
the standard specific gravity was measured by the water
replacement method according to ASTM D-792.

[1035] Content of specific compound containing fluorine

The content of the specific compound containing
fluorine was measured using liquid chromatography mass

spectrometry under the following conditions.
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[1036] [Method for measuring content of compound
represented by Formula (1)]
Extraction from powder

10 g (12.6 mL) of methanol was added to 1 g of the
powder, followed by ultrasonic treatment for 60 minutes,
to extract a supernatant containing the compound
represented by Formula (1).
[1037] Extraction from aqueous dispersion

The solid content of the aqueous dispersion was
measured, and the aqueous dispersion in an amount
corresponding to 0.5 g of the PTFE solid content was
weighed into a 100-mL screw tube. Thereafter, water and
methanol were added thereto, so as to yield 40 g (43.14
mL) of an extraction solvent with water/methanol = 50/50
vol% including water contained in the aqueous dispersion.
Thereafter, the solution was shaken well until
coagulation occurred. The solid content was removed, and
the liquid phase was centrifuged at 4000 rpm for 1 hour,
to extract a supernatant containing the compound
represented by Formula (1).
[1038] Extraction from molded body (such as extruded
beads and stretched beads)

10 g (12.6 mL) of methanol was added to 0.1 g of the
molded body, followed by ultrasonic treatment for 60
minutes, to extract a supernatant containing the compound

represented by Formula (1).
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[1039] Measurement of content of compound represented by
Formula (1) contained in extract

The content of the compound represented by Formula
(1) in the extract was determined in terms of
perfluorooctanoic acid.
[1040] Calibration curve of perfluorooctanoic acid

Five levels of methanol standard solutions of
perfluorooctanoic acid having known concentrations of 1
ng/mL to 100 ng/mL were prepared and measured using a
liquid chromatograph mass spectrometer (LC-MS ACQUITY
UPLC/TQD, Waters Corporation). Using first-order
approximation, a and b were determined by Relational
Expression (1) from the concentration of each sample and
the integral value of the peaks.
A =aXxXX+ b (1)
A: Peak area of perfluorooctanoic acid
X: Concentration of perfluorooctanoic acid (ng/mL)
[1041] Configuration of measurement device and LC-MS

measurement conditions
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[1042] MRM measurement parameters

[Table 2]

Compound Precursor Product

Perfluorooctanoic acid 413 369

[1043] Content of compound represented by Formula (1)
having 4 or more and 20 or less carbon atoms in extract

The compound represented by Formula (1) having 4 or
more and 20 or less carbon atoms was measured using a
liquid chromatograph mass spectrometer. The peak area of
the compound represented by Formula (1) with each carbon
number in the liquid phase extracted was determined by
MRM.

[1044] MRM measurement parameters

[Table 3]

Compound The number of carbon atoms Precursor Product
(H— (CF,) s—COO) M 4 195 131
(IT— (CF,) ,—COO) M 5 245 181
(H— (CF,) s—COO) M 6 295 231
(H=— (CF,) 4—COO) M 7 345 281
(H— (CTIFy) ,—COO) M 8 395 331
(H— (CF3) g—CO0O) M 9 445 381
(H— (CF,) g—COO) M 10 495 431
(H= (CFy) ,,0—COO) M 11 545 481
(H— (CF3) ;;,—COO0O) M 12 595 531
(H— (CFy) 1,—COO) M 13 645 581
(IT— (CFy) 13—CO0O) M 14 695 631
(H— (CTFy) 1,—COO) M 15 745 681
(H— (CF,) ,5—C0O0O) M 16 795 731
(H— (CF3) 16— COO) M 17 845 781
(H— (CFy) ,,—COO0O) M 18 895 831
(H— (CF3) 13— COO) M 19 945 881
(TT— (CFy) 14—COO0O) M 20 995 931
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[1045] The content of the compound represented by Formula
(1) having (m + 1) carbon atoms in the extract was
calculated using Formula (3) below. In Formula (3), a
and b were determined from Formula (1).
XCm = ((ACm - Db)/a) X ((50 X m + 45)/413) (3)
XCm: Content (ng/mL) of compound represented by Formula
(1) having (m + 1) carbon atoms in extraction solution
ACm: Peak area of compound represented by Formula (1)
having (m + 1) carbon atoms in extraction solution

The quantitation limit in this measurement was 1
ng/mL.
[1046] Content of compound represented by Formula (1)
having (m + 1) carbon atoms in powder

The content of the compound represented by Formula
(1) having (m + 1) carbon atoms in the powder was
determined by Formula (4) below.
YCm = XCm X 12.6 (4)
YCm: Content (ppb to PTFE) of compound represented by
Formula (1) having (m + 1) carbon atoms in powder
[1047] Content of compound represented by Formula (1)
having (m + 1) carbon atoms in aqueous dispersion

The content of the compound represented by Formula
(1) having (m + 1) carbon atoms in the agqueous dispersion
was determined by Formula (5) below.

ZCm = XCm X 86.3 (5)
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ZCm: Content (ppb to PTFE) of compound represented by
Formula (1) having (m + 1) carbon atoms in aqueous
dispersion
[1048] Content of compound represented by Formula (1)
having (m + 1) carbon atoms in molded body (such as
extruded beads and stretched beads)

The content of the compound represented by Formula
(1) having (m + 1) carbon atoms in the molded body (such
as extruded beads and stretched beads) was determined by
Formula (6) below.
WCm = XCm X 126 (6)
WCm: Content (ppb to PTFE) of compound represented by
Formula (1) having (m + 1) carbon atoms in molded body
(such as extruded beads and stretched beads)
[1049] [Method for measuring content of compound
represented by Formula (2)]
Extraction from powder

10 g (12.6 mL) of methanol was added to 1 g of the
powder, followed by ultrasonic treatment for 60 minutes,
to extract a supernatant containing the compound
represented by Formula (2).
[1050] Extraction from aqueous dispersion

The solid content of the aqueous dispersion was
measured, and the aqueous dispersion in an amount
corresponding to 0.5 g of the PTFE solid content was
weighed into a 100-mL screw tube. Thereafter, water and

methanol were added thereto, so as to yield 40 g (43.14
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mL) of an extraction solvent with water/methanol = 50/50
vol% including water contained in the aqueous dispersion.
Thereafter, the solution was shaken well until
coagulation occurred. The solid content was removed, and
the liquid phase was centrifuged at 4000 rpm for 1 hour,
to extract a supernatant containing the compound
represented by Formula (2).

[1051] Extraction from molded body (such as extruded
beads and stretched beads)

10 g (12.6 mL) of methanol was added to 0.1 g of the
molded body, followed by ultrasonic treatment for 60
minutes, to extract a supernatant containing the compound
represented by Formula (2).

[1052] Measurement of content of compound represented by
Formula (2) in extract

The content of the compound represented by Formula
(2) in the extract was determined in terms of
perfluorooctanesulfonic acid.

[1053] Calibration curve of perfluorooctanesulfonic acid

Five levels of methanol standard solutions of
perfluorooctanesulfonic acid having known concentrations
of 1 ng/mL to 100 ng/mL were prepared and measured using
a liquid chromatograph mass spectrometer (LC-MS ACQUITY
UPLC/TQD, Waters Corporation). Using first-order
approximation, a and b were determined by Relational
Expression (1) from the concentration of each sample and

the integral value of the peaks.
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A =aXxXX+ b (1)

A: Peak area of perfluorooctanesulfonic acid

X: Concentration (ng/mL) of perfluorooctanesulfonic acid
[1054] Configuration of measurement device and LC-MS

measurement conditions
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[1055] MRM measurement parameters

[Table 5]

Compound Precursor Product

Perfluorooctanesulfonic acid 499 99

[1056] Content of compound represented by Formula (2)
having 4 or more and 20 or less carbon atoms in extract

The compound represented by Formula (2) having 4 or
more and 20 or less carbon atoms was measured using a
liquid chromatograph mass spectrometer. The peak area of
the compound represented by Formula (2) with each carbon
number in the liquid phase extracted was determined by
MRM.

[1057] MRM measurement parameters

[Table ©6]

Compound The number of carbon atoms Precursor Product
(H— (CFy) 4,—S0O3) M 4 281 99
(IT— (CF,) s—S0,) M 5 331 99
(H— (CFy) 6—S03) M 6 381 99
(H=— (CF,) ,—S0O4) M 431 99
(H— (CI'y) 3—S0O3 M 8 481 99
(H= (CFy) g—S0O3) M 531 99
(H= (CFy) 10—S03 M 10 581 99
(H— (CF3) |, —S03) M 11 631 99
(H— (CF,) ,,—S03) M 12 681 99
(H— (CFy) 15—SO4) M 13 731 99
(IMT— (CFy) 14—SO4) M 14 781 99
(H— (CTFy) 15—S03) M 15 831 99
(H— (CFy) 16—S03 M 16 881 99
(H— (CF3) [,—S0O3) M 17 931 99
(H— (CF,) (§—S0O3) M 18 981 99
(H— (CFy) ,—S03) M 19 1031 99
(IMT— (CFy) 40—SO4) M 20 1081 99
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[1058] The content of the compound represented by Formula
(2) having n carbon atoms in the extract was calculated
using Formula (3) below. In Formula (3), a and b were
determined from Formula (1).
XSn = ((ASn-b)/a) X ((50 X n + 81)/499) (3)
XSn: Content (ng/mL) of compound represented by Formula
(2) having n carbon atoms in extraction solution
ASn: Peak area of compound represented by Formula (2)
having n carbon atoms in extraction solution

The quantitation limit in this measurement was 1
ng/mL.
[1059] Content of compound represented by Formula (2)
having n carbon atoms in powder

The content of the compound represented by Formula
(2) having n carbon atoms in the powder was determined by
Formula (4) below.
YSn = XSn X 12.6 (4)
YSn: Content (ppb to PTFE) of compound represented by
Formula (2) having n carbon atoms in powder
[1060] Content of compound represented by Formula (2)
having n carbon atoms in aqueous dispersion

The content of the compound represented by Formula
(2) having n carbon atoms in the aqueous dispersion was
determined by Formula (5) below.
ZSn = XSn X 86.3 (5)
ZSn: Content (ppb to PTFE) of compound represented by

Formula (2) having n carbon atoms in aqueous dispersion
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[1061] Content of compound represented by Formula (2)
having n carbon atoms in molded body (such as extruded
beads and stretched beads)

The content of the compound represented by Formula
(2) having n carbon atoms in the molded body (such as
extruded beads and stretched beads) was determined by
Formula (6) below.
WSn = XSn X 126 (6)
WSn: Content (ppb to PTFE) of compound represented by
Formula (2) having n carbon atoms in molded body (such as
extruded beads and stretched beads)
[1062] [Method for measuring content of compound
represented by Formula (7)]
Measurement of content of compound represented by Formula
(7) contained in extract
Formula (7): (F-(CF,)7-COO)M
[1063] Extraction from powder

10 g (12.6 mL) of methanol was added to 1 g of the
powder, followed by ultrasonic treatment for 60 minutes,
to extract a supernatant containing the compound
represented by Formula (7).
[1064] Extraction from aqueous dispersion

The solid content of the aqueous dispersion was
measured, and the agqueous dispersion in an amount
corresponding to 0.5 g of the PTFE solid content was
weighed into a 100-mL screw tube. Thereafter, water and

methanol were added thereto, so as to yield 40 g (43.14
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mL) of an extraction solvent with water/methanol = 50/50
vol% including water contained in the aqueous dispersion.
Thereafter, the solution was shaken well until
coagulation occurred. The solid content was removed, and
the liquid phase was centrifuged at 4000 rpm for 1 hour,
to extract a supernatant containing the compound
represented by Formula (7).

[1065] Extraction from molded body (such as extruded
beads and stretched beads)

10 g (12.6 mL) of methanol was added to 0.1 g of the
molded body, followed by ultrasonic treatment for 60
minutes, to extract a supernatant containing the compound
represented by Formula (7).

[1066] Measurement of content of compound represented by
Formula (7) in extract

The content of the compound represented by Formula
(7) in the extract was determined in terms of
perfluorooctanoic acid.

[1067] Calibration curve of perfluorooctanoic acid

Five levels of methanol standard solutions of
perfluorooctanoic acid having known concentrations of 1
ng/mL to 100 ng/mL were prepared and measured using a
liquid chromatograph mass spectrometer (LC-MS ACQUITY
UPLC/TQD, Waters Corporation). Using first-order
approximation, a and b were determined by Relational
Expression (1) from the concentration of each sample and

the integral value of the peaks.
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A =aXxXX+ b (1)

A: Peak area of perfluorooctanoic acid

X: concentration of perfluorooctanoic acid (ng/mL)
[1068] Configuration of measurement device and LC-MS

measurement conditions



321

[Table 7]

Jpouwr dATIB3ON
uonezor AeIdsordd[q

(SuLonuolA uonaey SIANMIANINIIN

poyloW uoneZIuo|

opoul JualaInNsSeaJN

1219219 OL J1A([J
yed QN
T ¢ ownjoa uonoalur opdwes
2, 0F ajerodwa) uwnjo))
U/ T 0 Iel MOL]
0l-:06=4-V O[S’
JuSIpeIS 1Bl OT:06=A'V — 0601=a'V UG 8¢ [
06:01=4-V UG [ 0
O°H/"HNOODHD WWoZ d
NO*HD V saseyd o[1qoIN
uoneiodio) s A\ Aq parmoejnuew ‘(W ()¢ X [7) ww 2] 81D HAL D1dN Annboy uwnjo)
uonerodio) sidepn Aq parmoejnuew ‘)14 Anboy 1A
wed D




- 322 -

[1069] MRM measurement parameters

[Table 8]

Compound Precursor Product

Perfluorooctanoic acid 413 369

[1070] Content of compound represented by Formula (7) in
extract

The compound represented by Formula (7) was measured
using a ligquid chromatograph mass spectrometer. The peak
area of the compound represented by Formula (7) in the
liquid phase extracted was determined by MRM.
[1071] MRM measurement parameters

[Table 9]

Compound Precursor Product
(F— (CF,) ;—COO) M 413 369

[1072] The content of the compound represented by Formula
(7) in the extract was calculated using Formula (3) below.
In Formula (3), a and b were determined from Formula (1).
XPFO = (APFO - b)/a (3)
XPFO: Content (ng/mL) of compound represented by Formula
(7) in extraction solution
APFO: Peak area of compound represented by Formula (7) in
extraction solution

The quantitation limit in this measurement was 1
ng/mL.
[1073] Content of compound represented by Formula (7) in

powder
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The content of the compound represented by Formula
(7) in the powder was determined by Formula (4) below.
YPFO = XPFO X 12.6 (4)
YPFO: Content (ppb to PTFE) of compound represented by
Formula (7) in powder
[1074] Content of compound represented by Formula (7) in
aqueous dispersion

The content of the compound represented by Formula
(7) in the aqueous dispersion was determined by Formula
(5) below.
ZPFO = XPFO X 86.3 (5)
ZPFO: Content (ppb to PTFE) of compound represented by
Formula (7) in aqueous dispersion
[1075] Content of compound represented by Formula (7) in
molded body (such as extruded beads and stretched beads)

The content of the compound represented by Formula
(7) in the molded body (such as extruded beads and
stretched beads) was determined by Formula (6) below.
WPFO = XPFO X 126 (6)
WPFO: Content (ppb to PTFE) of compound represented by
Formula (7) in molded body (such as extruded beads and
stretched beads)
[1076] An amount (A) (parts by weight) of the fluorine
radical source added per 100 parts by weight of PTFE was
calculated according to the following formula.

A

(B/F) X 100

B C XD XE



- 324 -

C=4.092 X 10° X G X H

A: Amount (parts by weight) of fluorine radical source
added per 100 parts by weight of PTFE

B: Total amount (g) of fluorine radical source added
C: Concentration (g/mL) of fluorine radical source in
mixed gas

D: Flow rate (mL/min) of mixed gas

E: Fluorination time (min)

F: Amount (g) of sample loaded

G: Molecular weight (g/mol) of fluorine radical source
H: Proportion of fluorine radical source in mixed gas

The constant [4.092 X 10*] of C was calculated based
on P (pressure: atm)/{R (gas constant) X T (temperature:
K) X 1000} = 1/{0.082 X 298 x 1000}.

[1077] Synthesis Example 1

A mixture of 10-undecene-1-ol (16 g), 1,4-
benzoquinone (10.2 g), DMF (160 mL), water (16 mL), and
PdCl, (0.34 g) was heated and stirred at 90°C for 12
hours.

Thereafter, the solvent was distilled off under
reduced pressure. The residue obtained was purified by
liquid separation and column chromatography, to obtain
ll1-hydroxyundecane—-2-one (15.4 qg).

The spectrum data of ll-hydroxyundecane—2-one
obtained is shown below.

'H-NMR (CDCls3) & ppm: 1.29-1.49 (m, 14H), 2.08 (s, 3H),

2.45 (3 = 7.6, t, 2H), 3.51 (J = 6.5, t, 2H)
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[1078] A mixture of 1ll-hydroxyundecane-2-one (13 g),
sulfur trioxide triethylamine complex (13.9 g), and
tetrahydrofuran (140 mL) was stirred at 50°C for 12 hours.
A sodium methoxide (3.8 g)/methanol (12 mL) solution was
added dropwise to the reaction solution.

The precipitated solid was filtered under reduced
pressure and washed with ethyl acetate, to obtain 10-
oxoundecyl sodium sulfate (15.5 g) (which will be
hereinafter referred to as surfactant A). The spectrum
data of 10-oxoundecyl sodium sulfate obtained is shown
below.

'H-NMR (CDCls3) & ppm: 1.08 (J = 6.8, m, 10H), 1.32 (m,
2H), 1.45 (m, 2H), 1.98 (s, 3H), 2.33 (J =T7.6, t, 2H),
3.83 (J = 6.5, t, 2H)

[1079] Synthesis Example 2

3500 g of deionized degassed water, 100 g of a
paraffin wax, 0.122 g of the surfactant A were added to a
SUS autoclave having an internal volume of 6 L, the
reactor was sealed, and the inside of the system was
purged with nitrogen to remove oxygen. The reactor was
heated to 70°C, filled with TFE, and adjusted to 0.78 MPa.
0.070 g of ammonium persulfate (APS) was introduced
therein as a polymerization initiator. TFE was
introduced so that the reaction pressure was constantly
0.78 MPa. In the course of the reaction, the surfactant
A was added 9 times in a total amount of 1.10 g. At the

time when 425 g of TFE was introduced, stirring was
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stopped, and the reactor was depressurized to the
atmospheric pressure. The aqueous dispersion was taken
out of the reactor, followed by cooling. Thereafter, the
paraffin wax was separated, to obtain a PTFE aqueous
dispersion A.

The solid content of PTFE in the PTFE aqueous
dispersion A obtained was 10.7 mass%. The average
primary particle size of the PTFE particles contained in
the PTFE aqueous dispersion A obtained was 178 nm. The
content of each of the compounds represented by Formulas
(1) and (2) in the PTFE aqueous dispersion A obtained was
measured. Table 10 below shows the results.

[1080] Experimental Example 1

Deionized water was added to the PTFE aqgqueous
dispersion A obtained in Synthesis Example 2, to adjust
the specific gravity (25°C) to 1.080. 2.5 L of the PTFE
aqueous dispersion with the adjusted specific gravity was
added to a glass coagulation tank equipped with an anchor
type stirring blade and a baffle plate and having an
internal capacity of 6 L, and the internal temperature
was adjusted to 34°C. Immediately after the adjustment,
16 g of nitric acid (10%) was added thereto, and stirring
was started at a stirring speed of 500 rpm,
simultaneously. After the start of stirring, it was
confirmed that the aqueous dispersion underwent a slurry
state to form a wet PTFE powder, and then stirring was

further continued for 1 minute.
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Subsequently, the wet PTFE powder was filtered, the
wet PTFE powder and 2.5 L of deionized water were
introduced in the coagulation tank, the temperature was
adjusted to 25°C, and an operation of washing the polymer
powder at a stirring speed of 500 rpm was repeated twice.
After the washing, the wet PTFE powder was filtered and
left standing in a hot-air circulation dryer at 150°C for
18 hours for drying, to obtain PTFE powder.

The SSG of the PTFE powder obtained was 2.175. This
fact demonstrated that the PTFE obtained was a high-
molecular weight PTFE.

The content of each of the compounds represented by
Formulas (1) and (2) in the PTFE powder obtained was
measured. Table 10 shows the results.

[1081] Experimental Example 2

30 g of the PTFE powder obtained in Experimental
Example 1 was put into the reactor. The reactor was
heated to 150°C and purged with nitrogen for 1 hour to
remove the air in the reactor. With the temperature
maintained at 150°C, a mixed gas (fluorine/nitrogen
(volume ratio) = 20/80) obtained by diluting a fluorine
gas (F;) as a fluorine radical source with nitrogen gas
was continuously poured at a flow rate of about 50 mL/min
for 480 minutes (8 hours) with an amount of the fluorine
radical source added (that is, an amount of the fluorine
gas) of 7.5 g. After the completion of the reaction, the

inside of the system was immediately purged with nitrogen
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gas for 1 hour to remove the fluorine gas. It was
confirmed that there was no fluorine gas in the inert gas
by checking whether or not an indicator was colored by a
starch/iodide test. The reaction container was cooled to
room temperature, and the content of each of the
compounds represented by Formulas (1) and (2) in the PTFE
powder obtained was measured. Table 10 shows the results.
[1082] Experimental Example 3

The same operation as in Experimental Example 2 was
performed except that the reaction temperature was
changed to 200°C in Experimental Example 2, and the
content of each of the compounds represented by Formulas
(1) and (2) in the PTFE powder obtained was measured.

Table 10 below shows the results.
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[1083] [Table 10]
Synthesis Example 2 Experimental Example 1 Experimental Example 2 Experimental Example 3
PTFE aqueous dispersion PTFE powder PTFE powder PTFE powder

- n=4 ppb/PTFE Less than quantitation limit 3.8E+01 Less than quantitation limit Less than quantitation limit
2 n=6 ppb/PTFE 5.5E+02 5.3E+02 Less than quantitation limit Less than quantitation limit
é n=8 ppb/PTFE 6.5E+02 6.5E+02 Less than quantitation limit Less than quantitation limit
5] x n=10 ppb/PTFE 5.2E+02 4 9E+02 Less than quantitation limit Less than quantitation limit
% c—é n=12 ppb/PTFE 2.5E+02 2.2E+02 Less than quantitation limit Less than quantitation limit
g u‘C:. n=14 ppb/PTFE 1.0E+02 9.5E+01 Less than quantitation limit Less than quantitation limit
%’ oy n=16 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
= n=18 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
§ n=20 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit

Total ppb/PTFE 2.1E+03 2.0E+03 Less than quantitation limit Less than quantitation limit
- m=3 ppb/PTFE 9.6E+03 Less than quantitation limit Less than quantitation limit Less than quantitation limit
%’ m=5 ppb/PTFE 1.7E+04 Less than quantitation limit Less than quantitation limit Less than quantitation limit
3 m=7 ppb/PTFE 4.7E+04 Less than quantitation limit Less than quantitation limit Less than quantitation limit
& = m=9 ppb/PTFE 2.6E+04 3.6E+02 Less than quantitation limit Less than quantitation limit
%J g m=11 ppb/PTFE 6.2E+03 1.6E+03 Less than quantitation limit Less than quantitation limit
g E m=13 ppb/PTFE 5.7TE+03 2.0E+03 Less than quantitation limit Less than quantitation limit
% oy m=15 ppb/PTFE 7.4E+03 3.5E+03 Less than quantitation limit Less than quantitation limit
= m=17 ppb/PTFE 6.6E+03 5.0E+03 Less than quantitation limit Less than quantitation limit
é m=19 ppb/PTFE 5.3E+03 1.3E+03 Less than quantitation limit Less than quantitation limit

Total ppb/PTFE 1.3E+05 1.4E+04 Less than quantitation limit Less than quantitation limit
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The peaks when n was 5, 7, 9, 11, 13, 15, 17, and 19
and when m was 4, 6, 8, 10, 12, 14, 16, and 18 were less
than the quantitation limit.

The quantitation limit was 86 ppb in the case of the
aqueous dispersion and was 13 ppb in the case of powder.
[1084] Synthesis Example 3

10-oxoundecane acid (1.8 g) was added to a 1.0 M KOH
solution, and water was distilled off, to obtain
potassium l0-oxoundecanocate (2.2 g).

The spectrum data of the potassium l0-oxoundecanocate
(which will be hereinafter referred to as surfactant B)
obtained is shown below.

'H-NMR (CDCls) & ppm: 1.04 (m, 8H), 1.30-1.32 (m, 4H),
1.89-2.01 (m, 5H), 2.27-2.33 (t, J = 7.6, 4H)
[1085] Synthesis Example 4

550 g of deionized degassed water, 30 g of a
paraffin wax, and 0.0145 g of the surfactant B were added
to a glass autoclave having an internal volume of 1 L.
The reactor was sealed, and the inside of the system was
purged with nitrogen to remove oxygen. The reactor was
heated to 70°C, filled with TFE, and adjusted to 0.78 MPa.
0.110 g of ammonium persulfate (APS) was introduced
therein as a polymerization initiator. TFE was
introduced so that the reaction pressure was constantly
0.78 MPa. At the time when 50 g of TFE was introduced,
stirring was stopped, and the reactor was depressurized

to the atmospheric pressure. The aqueous dispersion was
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taken out of the reactor, followed by cooling.
Thereafter, the paraffin wax was separated, to obtain a
PTFE aqueous dispersion B. The average particle size of
the particles contained in the PTFE aqueous dispersion B
obtained was 216 nm. Further, the solid content of the
PTFE aqueous dispersion B obtained was 8.2 mass%.

The content of each of the compounds represented by
Formulas (1) and (2) in the PTFE aqueous dispersion B
obtained was measured. Table 11 below shows the results.
[1086] Experimental Example 4

Deionized water was added to the PTFE aqueous
dispersion B obtained in Synthesis Example 4, to adjust
the specific gravity (25°C) to 1.080. 2.5 L of the PTFE
aqueous dispersion with the adjusted specific gravity was
added to a glass coagulation tank equipped with an anchor
type stirring blade and a baffle plate and having an
internal capacity of 6 L, and the internal temperature
was adjusted to 34°C. Immediately after the adjustment,
16 g of nitric acid (10%) was added thereto, and stirring
was started at a stirring speed of 500 rpm,
simultaneously. After the start of stirring, it was
confirmed that the aqueous dispersion underwent a slurry
state to form a wet PTFE powder, and then stirring was
further continued for 1 minute.

Subsequently, the wet PTFE powder was filtered, the
wet PTFE powder and 2.5 L of deionized water were

introduced in the coagulation tank, the temperature was
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adjusted to 25°C, and an operation of washing the polymer
powder at a stirring speed of 500 rpm was repeated twice.
After the washing, the wet PTFE powder was filtered and
left standing in a hot-air circulation dryer at 150°C for
18 hours for drying, to obtain PTFE powder.

The SSG of the PTFE powder obtained was 2.261. This
fact demonstrated that the PTFE obtained was a high-
molecular weight PTFE.

The content of each of the compounds represented by
Formulas (1) and (2) in the PTFE powder obtained was
measured. Table 11 below shows the results.

[1087] Experimental Example 5

The fluorination was performed under the same
conditions as in Experimental Example 3 except that 30 g
of the PTFE powder obtained in Experimental Example 4 was
put into the reactor, and the content of each of the
compounds represented by Formulas (1) and (2) in the PTFE
powder obtained was measured. Table 11 below shows the

results.
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Synthesis Example 4
PTFE aqueous dispersion

Experimental Example 4
PTFE powder

Experimental Example 5
PTFE powder

n=4 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit

S n=6 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit

g = n=8 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit
é % n=10 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit
S's n=12 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit
:g % n=14 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit
2 s n=16 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit
8 gé n=18 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit
o n=20 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit
Total ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit

m=3 ppb/PTFE 8.3E+04 Less than quantitation limit Less than quantitation limit

= m=5 ppb/PTFE 9.3E+04 Less than quantitation limit Less than quantitation limit

g s m=7 ppb/PTFE 6.6E+04 Less than quantitation limit Less than quantitation limit
é’ g m=9 ppb/PTFE 9.0E+03 Less than quantitation limit Less than quantitation limit
St m=11 ppb/PTFE 4 4E+02 Less than quantitation limit Less than quantitation limit
:g § m=13 ppb/PTFE 1.1E+02 Less than quantitation limit Less than quantitation limit
2 ‘g m=15 ppb/PTFE 8.7E+01 1.7E+01 Less than quantitation limit
8 o m=17 ppb/PTFE 1.8E+03 3.9E+02 Less than quantitation limit
e m=19 ppb/PTFE 1.9E+03 4.1E+02 Less than quantitation limit
Total ppb/PTFE 2.5E+05 8.2E+02 Less than quantitation limit
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The peaks when n was 5, 7, 9, 11, 13, 15, 17, and 19
and when m was 4, 6, 8, 10, 12, 14, 16, and 18 were less
than the quantitation limit.

The quantitation limit was 86 ppb in the case of the
aqueous dispersion and was 13 ppb in the case of the
powder.

[1089] Experimental Examples 6 to 20

Each reaction was performed in the same manner as in
Experimental Example 2 except that the temperature inside
the reactor and the amount of the fluorine gas (F;) as a
fluorine radical source added were changed as shown in
Tables 12 to 14. After the completion of the reaction,
the inside of the system was immediately purged with
nitrogen gas for 1 hour to remove the fluorine gas. It
was confirmed that there was no fluorine gas in the inert
gas by checking whether or not an indicator was colored
by a starch/iodide test. The reaction container was
cooled to room temperature, and the content of each of
the compounds represented by Formulas (1), (2), and (7)
in the PTFE powder obtained was measured. Tables 12 to

14 below show the results.
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[1090] [Table 12]
Experimental Example 6 Experimental Example 7 Experimental Example 8 Experimental Example 9 | Experimental Example 10 | Experimental Example 11
PTFE powder PTFE powder PTFE powder PTFE powder PTFE powder PTFE powder
Temperature °C 80 80 100 100 100 100
Time minutes 30 120 15 30 120 480
Amount of fluorine
radical source added arts b
per 100 parts by weight pweighty 16 63 08 16 63 249
of PTFE
- n=4 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
£ n=6 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
% n=8 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
5] S n=10 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
% § n=12 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
g E n=14 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
% = n=16 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
< n=18 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
§ n=20 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
Total ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
- m=3 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
£ m=5 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
é m=7 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
g = m=9 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
% g m=11 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
g US_ m=13 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
% z m=15 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
z m=17 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
§ m=19 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
Total ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
Content °L°°mp°”"d represented | b /pTFE 11,403 58,6402 12,6403 11403 6.2.E402
y Formula (7)
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Formula (7)

[1091] [Table 13]
Experimental Example 12 Experimental Example 13 Experimental Example 14 Experimental Example 15
PTFE powder PTFE powder PTFE powder PTFE powder
Temperature °C 120 120 120 120
Time minutes 30 120 240 480
Amount of fluorine radical
source added per 100 parts by weight 1.6 6.3 12.6 249
parts by weight of PTFE
. n=4 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
= % n=6 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
§ E n=8 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
g ._.B_ n=10 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
S = n=12 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
:§ = n=14 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
15 % n=16 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
§ 8 n=18 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
& n=20 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
Total ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
. m=3 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
= T‘_{ m=5 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
§ E m=7 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
g E m=9 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
8 = m=11 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
:§ = m=13 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
15 % m=15 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
§ 8 m=17 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
& m=19 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
Total ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
Content of compound represented by opb/PTFE 3.0 E+02 3.7.E+02 3.3 E+02 1 8.E+02
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[1092] [Table 14]
Experimental Example 16 | Experimental Example 17 | Experimental Example 18 | Experimental Example 19 | Experimental Example 20
PTFE powder PTFE powder PTFE powder PTFE powder PTFE powder
Temperature °C 150 150 200 200 200
Time minutes 120 240 30 120 480
Amount of fluorine
ra‘:)'gfg%%“;gi:i‘;ed parts by weight 6.3 126 16 6.3 249
weight of PTFE

. n=4 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
- % n=6 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
§ E n=8 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
g5 n=10 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
8 } n=12 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
:§ o n=14 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
k5 ‘% n=16 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
§ 3 n=18 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
o) n=20 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
Total ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
. m=3 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
- Sm/ m=5 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
§ E m=7 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
g5 m=9 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
8 } m=11 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
:§ o m=13 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
k5 ‘% m=15 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
§ 3 m=17 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
o) m=19 ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
Total ppb/PTFE Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
Content of compound represented ppb/PTFE 5.0.E+01 6.0.E+01 Less than quantitation limit | Less than quantitation limit | Less than quantitation limit

by Formula (7)
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[1093] Experimental Example 21

The PTFE powder obtained in Experimental Example 1
was subjected to paste extrusion molding according to the
method described in Japanese Patent Application Laid-Open
No. 2002-201217, to obtain extruded beads.

That is, 100 g of the PTFE powder obtained in
Experimental Example 1 was left standing at room
temperature for 2 hours or more, and thereafter 21.7 g of
a lubricant (ISOPAR H, manufactured by Exxon Mobil
Corporation) as an extrusion aid was mixed therewith for
3 minutes to obtain a mixture of PTFE powder.

The mixture of the PTFE powder obtained was left
standing in a constant temperature bath at 25°C for 2
hours and thereafter was subjected to paste extrusion
molding under conditions of 25°C, Reduction ratio 100
(RR100, cylinder diameter: 25 mm, orifice diameter: 2.5
mm, orifice land length: 1.1 mm, and introduction angle:
30°), and an extrusion rate of 51 cm/minute, to obtain
extruded PTFE beads containing the lubricant.

Then, the extruded PTFE beads containing the
lubricant obtained was dried at 230°C for 30 minutes, to
remove the lubricant, thereby obtaining dried extruded
PTFE beads.

[1094] Experimental Example 22

10 g of the extruded PTFE beads after drying

obtained in Experimental Example 21 were fluorinated in

the same manner as in Experimental Example 3 except that
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a mixed gas (fluorine/nitrogen (volume ratio) = 20/80)
obtained by diluting a fluorine gas (F,) as a fluorine
radical source with nitrogen gas was continuously poured
at a flow rate of about 50 mL/min for 162 minutes, to
obtain fluorinated extruded PTFE beads.

[1095] Example 23

The extruded PTFE beads after drying obtained in
Experimental Example 21 were stretched according to the
method described in Japanese Patent Application Laid-Open
No. 2002-201217, to obtain stretched PTFE beads.

That is, the extruded PTFE beads after drying
obtained in Experimental Example 21 were cut into a
suitable length, and each end was fixed so that the
distance between clamps was 5.1 cm, followed by heating
at 300°C in an air circulation furnace.

Subsequently, the beads were stretched at a
stretching rate of 1000%/second so that the total stretch
(stretch length) between the clamps was 2400%, to obtain
stretched PTFE beads.

[1096] Experimental Example 24

0.5 g of the stretched PTFE beads after drying
obtained in Experimental Example 23 were fluorinated in
the same manner as in Experimental Example 3 except that
a mixed gas (fluorine/nitrogen (volume ratio) = 20/80)
obtained by diluting a fluorine gas (F;) as a fluorine

radical source with nitrogen gas was continuously poured
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at a flow rate of about 50 mL/min for 7.2 minutes, to
obtain fluorinated stretched PTFE beads.

[1097] The content of each of the compounds represented
by Formulas (1), (2), and (7) in the extruded PTFE beads
after drying obtained in Experimental Example 21, the
fluorinated extruded PTFE beads obtained in Experimental
Example 22, the stretched PTFE beads obtained in
Experimental Example 23, and the fluorinated stretched
PTFE beads obtained in Experimental Example 24 was

measured. Table 15 shows the results.
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Experimental Example 21

Dried extruded PTFE beads

Experimental Example 22
Fluorinated extruded PTFE

Experimental Example 23

Stretched PTFE beads

Experimental Example 24
Fluorinated stretched PTFE

beads beads
S »
-% S | Amount of fluorine radical source
- 5 | added per 100 parts by weight of parts by weight 25.2 224
Ss PTFE
[T
n=4 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
S n=6 ppb/PTFE 5.9.E+02 Less than quantitation limit 3.8.E+02 Less than quantitation limit
g S n=8 ppb/PTFE 9.9.E+02 Less than quantitation limit 7.1.E+02 Less than quantitation limit
é. % n=10 ppb/PTFE 6.9.E+02 Less than quantitation limit 6.1.E+02 Less than quantitation limit
st n=12 ppb/PTFE 2.8.E+02 Less than quantitation limit 4.3.E+02 Less than quantitation limit
s % n=14 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
é s n=16 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
8 4 n=18 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
53 n=20 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
Total ppb/PTFE 2.5.E+03 Less than quantitation limit 2.1.E+03 Less than quantitation limit
m=3 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
= m=5 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
g S m=7 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
é. % m=9 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
st m=11 ppb/PTFE 2.0.E+02 Less than quantitation limit 1.4 E+02 Less than quantitation limit
E % m=13 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
é s m=15 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
8 4 m=17 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
53 m=19 ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit
Total ppb/PTFE 2.0.E+02 Less than quantitation limit 1.4.E+02 Less than quantitation limit
Content of compound represented by ppb/PTFE Less than quantitation limit Less than quantitation limit Less than quantitation limit Less than quantitation limit

Formula (7)
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The quantitation limit was 1.3 X 102 ppb in the case
of the molded body. The same applies to the following
description.

[1099] Experimental Example 25

The fluorinated PTFE powder obtained in Experimental
Example 3 was subjected to paste extrusion molding and
drying in the same manner as in Experimental Example 21,
to obtain dried extruded PTFE beads.

[1100] Experimental Example 26

The extruded PTFE beads after drying obtained in
Experimental Example 25 (the extruded PTFE beads
subjected to paste extrusion molding using the
fluorinated powder) were stretched in the same manner as
in Experimental Example 23, to obtain stretched PTFE
beads.

[1101] Experimental Example 27

The fluorinated extruded PTFE beads obtained in
Experimental Example 22 were stretched in the same manner
as in Experimental Example 23, to obtain stretched PTFE
beads.

[1102] Experimental Example 28

The PTFE powder obtained in Experimental Example 1
was left standing in a hot-air circulation dryer at 240°C
for 3 hours for heating, to obtain reheated PTFE powder.
[1103] Experimental Example 29

The extruded PTFE beads after drying obtained in

Experimental Example 21 were left standing in a hot-air
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circulation dryer at 240°C for 3 hours for heating, to
obtain reheated extruded PTFE beads.
[1104] Experimental Example 30

The stretched PTFE beads obtained in Experimental
Example 23 were left standing in a hot—-air circulation
dryer at 240°C for 3 hours for heating, to obtain
reheated stretched PTFE beads.
[1105] Experimental Example 31

PTFE powder was obtained in the same manner as in
Experimental Example 1 except that the drying temperature
of the wet PTFE powder was changed to 240°C.
[1106] The content of each of the compounds represented
by Formulas (1), (2), and (7) in the dried extruded PTFE
beads obtained in Experimental Example 25, the stretched
PTFE beads obtained in Experimental Example 26, the
stretched PTFE beads obtained in Experimental Example 27,
the reheated PTFE powder obtained in Experimental Example
28, the reheated extruded PTFE beads obtained in
Experimental Example 29, the reheated stretched PTFE
beads obtained in Experimental Example 30, and the PTFE
powder obtained in Experimental Example 31 was measured.

Table 16 shows the results.
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represented by Formula (7)

[1107] [Table 16]
Experimental Example 25 | Experimental Example 26 | Experimental Example 27 | Experimental Example 28 | Experimental Example 29 | Experimental Example 30 | Experimental Example 31
Dried extruded PTFE beads| Stretched PTFE beads | Stretched PTFE beads | Reheated PTFE powder Reheate‘jbi’ggusded PTFE | Reheated ;g:é‘;hed PTFE PTFE powder
& 2 | Amount of fluorine
TS radical source parts by
§ g ladded per 100 parts| ~ weight
i © |byweightof PTFE
n=4 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit 3.4E+01 Less than quantitation limit | Less than quantitation limit 3.6E+01
E n=6 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit 5.3E+02 5.3E+02 3.3E+02 5.3E+02
% n=8 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit 6.4E+02 8.4E+02 6.4E+02 6.4E+02
é&\ n=10 ppb./PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit 4.9E+02 5.9E+02 5.9E+02 4.9E+02
g T_;f n=12 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit 2.1E+02 2.2E+02 3.1E+02 2.2E+02
é; % n=14 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit 8.3E+01 Less than quantitation limit | Less than quantitation limit 8.8E+01
§ . n=16 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
‘% n=18 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
§ n=20 ppb./PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
Total ppb./PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit 2.0E+03 2.2E+03 1.9E+03 2.0E+03
m=3 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
:§ m=5 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
% m=7 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
é_: m=9 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
T s m=11 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
g. é m=13 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
§ - m=15 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
% m=17 ppb./PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
§ m=19 ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
Total ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
Content of compound ppb/PTFE | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit | Less than quantitation limit
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[1108] Experimental Example 32

The PTFE powder obtained in Experimental Example 4
was subjected to paste extrusion molding and drying in
the same manner as in Experimental Example 21, to obtain
dried extruded PTFE beads.
[1109] Experimental Example 33

The extruded PTFE beads after drying obtained in
Experimental Example 32 was fluorinated in the same
manner as in Experimental Example 22, to obtain
fluorinated extruded PTFE beads.
[1110] Experimental Example 34

The fluorinated PTFE powder obtained in Experimental
Example 5 was subjected to paste extrusion molding and
drying in the same manner as in Experimental Example 21,
to obtain dried extruded PTFE beads.
[1111] Experimental Example 35

The PTFE powder obtained in Experimental Example 4
was left standing in a hot-air circulation dryer at 240°C
for 3 hours for heating, to obtain reheated PTFE powder.
[1112] Experimental Example 36

The reheated PTFE powder obtained in Experimental
Example 35 was subjected to paste extrusion molding and
drying in the same manner as in Experimental Example 21,
to obtain dried extruded PTFE beads.
[1113] Experimental Example 37

The extruded PTFE beads after drying obtained in

Experimental Example 32 were left standing in a hot-air
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circulation dryer at 240°C for 3 hours for heating, to
obtain reheated extruded PTFE beads.
[1114] Experimental Example 38

PTFE powder was obtained in the same manner as in
Experimental Example 4 except that the drying temperature
of the wet PTFE powder was changed to 240°C.
[1115] Experimental Example 39

The PTFE powder obtained in Experimental Example 38
was subjected to paste extrusion molding and drying in
the same manner as in Experimental Example 21, to obtain
dried extruded PTFE beads.
[1116] The content of each of the compounds represented
by Formulas (1), (2), and (7) in the extruded PTFE beads
after drying obtained in Experimental Example 32, the
fluorinated extruded PTFE beads obtained in Experimental
Example 33, the extruded PTFE beads obtained in
Experimental Example 34, the reheated PTFE powder
obtained in Experimental Example 35, the extruded PTFE
beads obtained in Experimental Example 36, the reheated
extruded PTFE beads obtained in Experimental Example 37,
the PTFE powder obtained in Experimental Example 38, and
the extruded PTFE beads after drying obtained in
Experimental Example 39 was measured. Table 17 shows the

results.
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Experimental Example
32
Dried extruded PTFE
beads

Experimental Example
33
Fluorinated extruded
PTFE beads

Experimental Example
34
Dried extruded PTFE
beads

Experimental Example
35

Reheated PTFE powder

Experimental Example

Dried extruded PTFE
beads

Experimental Example

Reheated extruded PTFE
beads

Experimental Example
38

PTFE powder

Experimental Example

Dried extruded PTFE
beads

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

[1117] [Table 17]
< o Amount of
£ 5 | fluorine radical
< 2 parts by
£ 35 | source added weight
S § |per 100 parts by 9
- weight of PTFE
- n=4 ppb/PTFE
% n=6 ppb/PTFE
& n=8 ppb/PTFE
eS n=10 Ppb/PTFE
T ©
% El n=12 ppb/PTFE
g5 n=14 ppb/PTFE
Q
..; z n=16 ppb/PTFE
€ n=18 ppb/PTFE
§ n=20 ppb/PTFE
Total ppb/PTFE
- m=3 ppb/PTFE
% m=5 ppb/PTFE
& m=7 ppb/PTFE
e m=9 ppb/PTFE
T ©
% El m=11 ppb/PTFE
g5 m=13 ppb/PTFE
Q
..; 2 m=15 ppb/PTFE
I m=17 ppb/PTFE
§ m=19 ppb/PTFE
Total ppb/PTFE
Content of compound
represented by Formula | ppb/PTFE
()

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit

Less than quantitation limit
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[1118] Reduction of compound represented by Formula (1)
or (2) by ion exchange
PTFE content (P) in PTFE aqueous dispersion containing
nonionic surfactant

The PTFE content (P) was determined, based on
heating residue (Z) obtained by putting about 1 g of a
sample (X) into an aluminum cup having a diameter of 5 cm,
followed by drying at 110°C for 1 hour and further drying
at 300°C for 1 hour, by the formula: P = Z/X X 100
(mass%) .
[1119] Content of nonionic surfactant (N) with respect to
PTFE in PTFE aqueous dispersion containing nonionic
surfactant

The content of the nonionic surfactant (N) was
calculated, based on heating residue (Y g) obtained by
putting about 1 g of a sample (X g) into an aluminum cup
having a diameter of 5 cm, followed by drying at 100°C
for 1 hour and heating residue (Z2 g) obtained by further
heating the heating residue (Y g) at 300°C for 1 hour, by
the formula: N = [(Y-Z)/Z] X 100 (%/PTFE).
[1120] Synthesis Example 5

588.6 g of deionized water and 70.0 g of the
surfactant A were added to a glass reactor having an
internal volume of 1 L and equipped with a stirrer, the
reactor was sealed, and the inside of the system was
purged with nitrogen to remove oxygen. The reactor was

heated to 90°C and pressurized to 0.4 MPa with nitrogen.



- 349 -

41.4 g of ammonium persulfate (APS) was introduced
therein, followed by stirring for 3 hours. After the
stirring was stopped, the reactor was depressurized to
the atmospheric pressure, followed by cooling, to obtain
a surfactant aqueous solution C.
[1121] Synthesis Example 6

3600 g of deionized degassed water, 180 g of a
paraffin wax, and 0.540 g of the surfactant A were added
to a SUS reactor having an internal volume of 6 L and
equipped with a stirrer, the reactor was sealed, and the
inside of the system was purged with nitrogen to remove
oxygen. The reactor was heated to 90°C, filled with TFE,
and adjusted to 2.70 MPa. As a polymerization initiator,
0.031 g of ammonium persulfate (APS) and 1.488 g of
disuccinic acid peroxide (DSP) were introduced therein.
TFE was introduced so that the reaction pressure was
constantly 2.70 MPa. Simultaneously with the
introduction of TFE, continuous introduction of the
surfactant aqueous solution C was started. At the time
when 1650 g of TFE was introduced, stirring was stopped,
and the reactor was depressurized to the atmospheric
pressure. 139 g of the surfactant aqueous solution C was
introduced by the end of the reaction. The contents were
taken out from the reactor, followed by cooling.
Thereafter, the paraffin wax was separated, to obtain a

PTFE aqueous dispersion C.
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The solid content of the PTFE aqueous dispersion C
obtained was 31.7 mass%, and the average primary particle
size was 357 nm.

[1122] Experimental Example 40: Preparation example of
PTFE aqueous dispersion containing nonionic surfactant

A nonionic surfactant (T-Det A138, manufactured by
Harcros Chemicals Inc.) was added to the PTFE aqueous
dispersion obtained in Synthesis Example 6 in an amount
corresponding to 10% with respect to PTFE and gradually
dispersed with a resin rod, to obtain a PTFE agueous
dispersion D containing nonionic surfactant.

[1123] Experimental Example 41

100 g of the PTFE aqueous dispersion D obtained in
Experimental Example 40 was put into a 200-mL beaker, and
18 g of an anion exchange resin (Amberjet IRA40020H,
manufactured by Rohm and Haas Company) was added thereto,
followed by stirring for 30 minutes using a stirrer with
a strength such that aggregation did not occur. After
standing for 3 hours, the ion exchange resin was removed
using a mesh, to obtain an aqueous dispersion of purified
PTFE.

[1124] Experimental Example 42

An anion exchange resin, Amberjet IRA40020H, was
further added to the aqueous dispersion of purified PTFE
obtained in Experimental Example 41 at the same ratio as

in Experimental Example 41, and the same operation was
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performed, to obtain an aqueous dispersion of purified
PTFE.
[1125] Experimental Example 43

A nonionic surfactant (T-Det Al138, manufactured by
Harcros Chemicals Inc.) was added to the aqueous
dispersion of purified PTFE obtained in Experimental
Example 41 in an amount of 15%/PTFE, followed by standing
at 48°C for 4 hours. Then, the mixture was separated
into two phases of a supernatant phase substantially free
from PTFE and a condensed phase. The supernatant phase
was removed, to obtain the condensed phase (agqueous
dispersion of purified PTFE).
[1126] Experimental Example 44

The same operation as in Experimental Example 43 was
performed on the aqueous dispersion of purified PTFE
obtained in Experimental Example 42, to obtain a
condensed phase (aqueous dispersion of purified PTFE).
[1127] Experimental Example 45

After a nonionic surfactant and water were added to
the condensed phase (aqueous dispersion of purified PTFE)
obtained in Experimental Example 43, the PTFE content was
adjusted to 25 mass%, and the content of the nonionic
surfactant was adjusted to 15%/PTFE, followed by standing
at 44°C for 4 hours. Then, the mixture was separated
into two phases of a supernatant phase substantially free

from PTFE and a condensed phase. The supernatant phase
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was removed to obtain the condensed phase (aqueous
dispersion of purified PTFE).
[1128] Experimental Example 46

The same operation as in Experimental Example 45 was
performed on the condensed phase (agqueous dispersion of
purified PTFE) obtained in Experimental Example 44, to
obtain a condensed phase (agqueous dispersion of purified
PTFE) .
[1129] Experimental Example 47

The same operation as in Experimental Example 43 was
performed except that the PTFE aqueous dispersion D
obtained in Experimental Example 40 was adjusted to a pH
of 10 using ammonia water, to obtain a condensed phase
(agqueous dispersion of purified PTFE).
[1130] Experimental Example 48

The same operation as in Experimental Example 45 was
performed on the condensed phase (aqueous dispersion of
purified PTFE) obtained in Experimental Example 47, to
obtain a condensed phase (agqueous dispersion of purified
PTFE) .
[1131] For the PTFE aqueous dispersion D obtained in
Experimental Example 40 and the aqueous dispersions of
purified PTFE obtained in Experimental Examples 41 to 48,
the PTFE content (P) in each PTFE aqueous dispersion
containing a nonionic surfactant, the content of the
nonionic surfactant (N) in each PTFE aqueous dispersion

containing a nonionic surfactant, and the content of each
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of the compounds represented by Formulas (1) and (2) in
each PTFE aqueous dispersion was measured. Table 18

shows the measurement results.
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[1132] [Table 18]
Experimental Example | Experimental Example | Experimental Example | Experimental Example | Experimental Example | Experimental Example | Experimental Example | Experimental Example | Experimental Example
40 41 42 43 44 45 46 47 48
PTFE content (P) of
_PTFEaqueous |\ oo, 265 268 262 69.1 66.8 672 67.1 66.6 65.0
dispersion containing
nonionic surfactant
Content of nonionic
surfactant (N) in PTFE
aqueous dispersion | %/PTFE 10.0 10.0 10.0 2.3 2.7 3.0 29 2.8 3.0
containing nonionic
surfactant
S n=4 ppb/PTFE 2.8E+03 Less than quantitation limit{Less than quantitation limit|Less than quantitation limit|Less than quantitation limit{Less than quantitation limit|Less than quantitation limit, 7.9E+02 Less than quantitation limit
> .2
= g n=6 ppb/'PTFE 1.0E+04 Less than quantitation limit{Less than quantitation limit|Less than quantitation limit|Less than quantitation limit{Less than quantitation limit|Less than quantitation limit, 2.1E+02 2.1E+02
D
:% 3 n=8 ppb/PTFE 4.8E+03 5.8E+02 Less than quantitation limit 1.8E+02 Less than quantitation limit|Less than quantitation limit|Less than quantitation limit 1.8E+03 8.9E+02
(%2}
:‘SJ.’_ § n=10 ppb/PTFE 3.1E+03 2.3E+03 6.7E+02 1.2E+03 3.2E+02 1.0E+03 1.7E+02 1.1E+03 8.5E+02
“é % n=12 ppb/PTFE 1.1E+03 5.4E+02 4 5E+02 2.0E+02 2.0E+02 1.8E+02 1.5E+02 1.3E+02 Less than quantitation limit
>
é_ E n=14 ppb/PTFE |Less than quantitation limit|Less than quantitation limit|Less than quantitation limit{Less than quantitation limit{Less than quantitation limit|Less than quantitation limit|Less than quantitation limit|Less than quantitation limit|Less than quantitation Iimit|
o
§ £ n=16 ppb/PTFE |Less than quantitation Iimit|Less than quantitation Iimit|Less than quantitation Iimit|Less than quantitation Iimit|Less than quantitation Iimit|Less than quantitation Iimit|Less than quantitation Iimit|Less than quantitation limit|Less than quantitation Iimit|
‘% % n=18 ppb/PTFE |Less than quantitation Iimit|Less than quantitation Iimit|Less than quantitation Iimit|Less than quantitation Iimit|Less than quantitation Iimit|Less than quantitation Iimit|Less than quantitation Iimit|Less than quantitation limit|Less than quantitation Iimit|
§ é n=20 ppb/PTFE |Less than quantitation limit|Less than quantitation limit|Less than quantitation limit{Less than quantitation limit[Less than quantitation limit|Less than quantitation limit|Less than quantitation limit|Less than quantitation limit|Less than quantitation limit
o
u- Total ppb/PTFE 2.2E+04 3.4E+03 1.1E+03 1.6E+03 5.3E+02 1.2E+03 3.3E+02 4.0E+03 1.9E+03
s m=3 ppb/PTFE 5.2E+03 3.6E+02 Less than quantitation limit| 1.7E+02 Less than quantitation limit 1.4E+02 Less than quantitation limit| 1.6E+03 2.6E+02
> .2
§ §_ m=5 ppb/PTFE 7.8E+03 5.5E+02 Less than quantitation limit| 2.6E+02 Less than quantitation limit 1.7E+02 Less than quantitation limit| 1.9E+03 3.1E+02
E; 2 m=7 ppb/PTFE 1.8E+04 1.4E+03 1.8E+02 6.9E+02 8.7E+01 6.1E+02 Less than quantitation limit 2.9E+03 1.6E+03
(%2}
:‘SJ-’_ § m=9 ppb/PTFE 1.8E+04 3.6E+03 8.8E+02 1.6E+03 3.0E+02 1.4E+03 1.8E+02 9.6E+03 7.2E+03
2 % m=11 ppb/PTFE 1.8E+04 1.5E+04 1.2E+04 8.6E+03 2.8E+03 5.6E+03 9.8E+02 8.3E+03 8.0E+03
p=l
é. E m=13 ppb/PTFE 6.8E+03 3.0E+03 8.6E+02 1.9E+03 2.9E+02 7.9E+02 1.6E+02 1.2E+02 Less than quantitation limit
o
?_) K= m=15 ppb/PTFE 8.1E+02 2.9E+02 8.9E+01 8.7E+01 Less than quantitation limit|Less than quantitation limit{Less than quantitation limit[Less than quantitation limit|Less than quantitation Iimit|
‘g = m=17 ppb/PTFE |Less than quantitation limit|Less than quantitation limit|Less than quantitation limit{Less than quantitation limit[Less than quantitation limit|Less than quantitation limit|Less than quantitation limit|Less than quantitation limit|Less than quantitation limit
o S
s g m=19 ppb/PTFE |Less than quantitation limit|Less than quantitation limit|Less than quantitation limit{Less than quantitation limit[Less than quantitation limit|Less than quantitation limit|Less than quantitation limit|Less than quantitation limit|Less than quantitation limit
8 E
o
= | Total | ppbiPTFE 74E+04 | 24E¢04 | 14E04 | 13E+04 | 35E403 | BTE+3 1.3E+03 24E+04 176404 |
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CLAIMS

1. A method for producing an agqueous
dispersion of purified polytetrafluoroethylene, the
method comprising: removing or reducing a compound
represented by Formula (1) below from an agueous
dispersion of polytetrafluoroethylene obtained by a
production method including performing emulsion
polymerization of tetrafluoroethylene in an aqueous
medium in the presence of an anionic hydrocarbon
surfactant:

Formula (1): (H-(CF2)n—COO) pM!

wherein m is 3 to 19, M! is H, a metal atom, NR%
(where R°s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and p

is 1 or 2.

2. The method for producing an agqueous
dispersion of purified polytetrafluoroethylene according
to claim 1, wherein the removal or reduction of a
compound represented by Formula (1) above comprises ion-
exchanging and/or concentrating the aqueous dispersion of

polytetrafluoroethylene.
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3. A method for producing powder of refined
polytetrafluoroethylene, the method comprising: removing
or reducing a compound represented by Formula (1) below
from non melt-processible and fibrillatable
polytetrafluoroethylene powder obtained by a production
method including performing emulsion polymerization of
tetrafluorocethylene in an aqueous medium in the presence
of an anionic hydrocarbon surfactant,

wherein the removal or reduction of a compound
represented by Formula (1) above comprises heating the
polytetrafluoroethylene powder at a temperature of 200°C
or more:

Formula (1): (H-(CF2)n—COO) M!

wherein m is 3 to 19, M! is H, a metal atom, NR3,
(where R°s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and p

is 1 or 2.

4. A method for producing a molded body of
polytetrafluorocethylene from non melt-processible and
fibrillatable polytetrafluoroethylene obtained by a
production method including performing emulsion

polymerization of tetrafluoroethylene in an aqueous
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medium in the presence of an anionic hydrocarbon
surfactant, the method comprising:

removing or reducing a compound represented by
Formula (1) below,
wherein the removal or reduction of a compound
represented by Formula (1) above comprises heating at a
temperature of 200°C or more:
Formula (1): (H-(CF2)n—COO)M!

wherein m is 3 to 19, M! is H, a metal atom, NR>
(where R®°s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and p

is 1 or 2.

5. A method for producing refined
polytetrafluoroethylene, the method comprising: removing
or reducing a compound represented by Formula (1) below
by bringing a fluorine radical source into contact with
non melt-processible and fibrillatable
polytetrafluoroethylene at a temperature over 100°C, the
polytetrafluoroethylene being obtained by a production
method including performing emulsion polymerization of
tetrafluorocethylene in an aqueous medium in the presence
of an anionic hydrocarbon surfactant:

Formula (1): (H-(CF2)n—COO)M!
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wherein m is 3 to 19, M! is H, a metal atom, NR5
(where R°s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a
substituent, a pyridinium optionally having a substituent,
or a phosphonium optionally having a substituent, and p

is 1 or 2.

6. A method for producing
polytetrafluoroethylene, the method comprising: removing
or reducing a compound represented by Formula (1) below
by bringing a fluorine radical source into contact with
non melt-processible and fibrillatable
polytetrafluorocethylene obtained by a production method
including performing emulsion polymerization of
tetrafluorocethylene in an agqueous medium in the presence
of an anionic hydrocarbon surfactant, wherein the amount
of the fluorine radical source added is 0.5 parts by
weight or more per 100 parts by weight of
polytetrafluoroethylene in terms of fluorine atoms:
Formula (1): (H-(CF2)n—COO) pM!

wherein m is 3 to 19, M! is H, a metal atom, NR%
(where R°s may be the same as or different from each
other and are each H or an organic group having 1 to 10
carbon atoms), an imidazolium optionally having a

substituent, a pyridinium optionally having a substituent,



- 359 -

or a phosphonium optionally having a substituent, and p

is 1 or 2

7. A composition, comprising:
polytetrafluoroethylene, and
a compound represented by Formula (5) below in an amount
of 1000 ppb or less with respect to
polytetrafluoroethylene; and a nonionic surfactant in an
amount of 1%/polytetrafluorcethylene or more;
wherein the content of a compound represented by Formula
(3) below is 1000 ppb or less with respect to
polytetrafluoroethylene:
Formula (3): (H-(CF2)g-S03)qM?

wherein M2 is H, a metal atom, NR%; (where R°s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and g is 1 or 2;
Formula (5): (H-(CF2)13—-COO0) M!

wherein M! is H, a metal atom, NR°; (where R®s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an

imidazolium optionally having a substituent, a pyridinium
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optionally having a substituent, or a phosphonium

optionally having a substituent, and p is 1 or 2.

8. A compiosition, comprising:

polytetrafluoroethylene, and

at least any one of a compound represented by
Formula (5) below and a compound represented by Formula
(5'") below, wherein the content of the compound
represented by Formula (5) below is 1000 ppb or less with
respect to polytetrafluorocethylene, and the content of
the compound represented by Formula (5') below is 1000
ppb or less with respect to polytetrafluoroethylene; and

a nonionic surfactant in an amount of
1%/polytetrafluoroethylene or more;
wherein the content of a compound represented by Formula
(3) below is 1000 ppb or less with respect to
polytetrafluoroethylene:
Formula (3): (H-(CF2)g-S03)qM?

wherein M2 is H, a metal atom, NR%; (where R°s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and g is 1 or 2;
Formula (5): (H-(CF2)13—-C0OO0) M!

wherein M! is H, a metal atom, NR®; (where R°s may be

the same as or different from each other and are each H
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or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2; and
Formula (5'): (H-(CF2)14—COQ)M!

wherein M! is H, a metal atom, NR% (where R°s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium

optionally having a substituent, and p is 1 or 2.

9. The composition according to any one of

claims7 or 8, being an aqueous dispersion.

10. A composition, comprising:

non melt-processible and fibrillatable
polytetrafluoroethylene, and

a compound represented by Formula (5) below in an
amount of 1000 ppb or less with respect to
polytetrafluoroethylene;

wherein the content of a compound represented by
Formula (3) below is 1000 ppb or less with respect to
polytetrafluoroethylene:

Formula (3): (H-(CF2)s-S03)qM?
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wherein M2 is H, a metal atom, NR%; (where R°s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and g is 1 or 2;
Formula (5): (H-(CF2)13-COO)M!

wherein M! is H, a metal atom, NR%; (where R°s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium

optionally having a substituent, and p is 1 or 2.

11. A composition, comprising:

non melt-processible and fibrillatable
polytetrafluorcethylene, and

at least any one of a compound represented by
Formula (5) below and a compound represented by Formula
(5') below, wherein the content of the compound
represented by Formula (5) below is 1000 ppb or less with
respect to polytetrafluorocethylene, and the content of
the compound represented by Formula (5') below is 1000
ppb or less with respect to polytetrafluoroethylene;

wherein the content of a compound represented by
Formula (3) below is 1000 ppb or less with respect to

polytetrafluoroethylene:
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Formula (3): (H-(CF2)s-S03)gM?

wherein M2 is H, a metal atom, NR%; (where R°s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and g is 1 or 2;
Formula (5): (H-(CF2)13-COO0O) M!

wherein M! is H, a metal atom, NR°; (where R®s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2; and
Formula (5'): (H-(CF2)14—COO) pM!

wherein M! is H, a metal atom, NR°; (where R®s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium

optionally having a substituent, and p is 1 or 2.

12. A composition, comprising:
non melt-processible and fibrillatable

polytetrafluorcethylene, and
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a compound represented by Formula (5) below in an
amount of 25 ppb or less with respect to
polytetrafluoroethylene;

wherein the content of a compound represented by
Formula (3) below is 1000 ppb or less with respect to
polytetrafluoroethylene:

Formula (3): (H-(CF2)s-S03)qM?

wherein M2 is H, a metal atom, NR%; (where R°s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and g is 1 or 2;

Formula (5): (H-(CF2)13—-COO)M!

wherein M! is H, a metal atom, NR% (where R%s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium

optionally having a substituent, and p is 1 or 2.

13. A composition, comprising:

non melt-processible and fibrillatable
polytetrafluoroethylene, and

at least any one of a compound represented by
Formula (5) below and a compound represented by Formula

(5") below, wherein the content of the compound
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represented by Formula (5) below is 25 ppb or less with
respect to polytetrafluorocethylene, and the content of
the compound represented by Formula (5’) below is 25 ppb
or less with respect to polytetrafluoroethylene;

wherein the content of a compound represented by
Formula (3) below is 1000 ppb or less with respect to
polytetrafluoroethylene:
Formula (3): (H-(CF2)g-S03)qM?

wherein M2 is H, a metal atom, NR%; (where R°s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and g is 1 or 2;
Formula (5): (H-(CF2)13—-COO0O) M!

wherein M! is H, a metal atom, NR°; (where R®s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium
optionally having a substituent, and p is 1 or 2; and
Formula (5'): (H-(CF2)14—COO) pM!

wherein M! is H, a metal atom, NR°; (where R®s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an

imidazolium optionally having a substituent, a pyridinium
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optionally having a substituent, or a phosphonium

optionally having a substituent, and p is 1 or 2.

14. The composition according to any one of
claims 10 to 13, further comprising a compound
represented by Formula (7) below in an amount of 1000 ppb
or less with respect to polytetrafluoroethylene:

Formula (7): (F-(CF2)7-COO)M!

wherein M! is H, a metal atom, NR°; (where R®s may be
the same as or different from each other and are each H
or an organic group having 1 to 10 carbon atoms), an
imidazolium optionally having a substituent, a pyridinium
optionally having a substituent, or a phosphonium

optionally having a substituent, and p is 1 or 2.

15. The composition according to any one of claims 7 to
14, wherein the content of the compound represented by
Formula (3) is 25 ppb or less with respect to

polytetrafluoroethylene.

16. The composition according to any one of
claims 7 to 15, wherein
the polytetrafluorocethylene is obtained by

polymerization using an anionic hydrocarbon surfactant.

17. The composition according to any one of

claims 10 to 16, being powder.
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18. A molded body comprising the composition

according to claim 17.

19. The molded body according to claim 18,

being a stretched body.



