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(57) ABSTRACT

Disclosed is a production method comprising a step of
obtaining a poly(arylene sulfonium salt) comprising a ter-
minal group including at least one functional group selected
from the group consisting of a carboxy group, a hydroxy
group and an amino group, and a step of dealkylating or
dearylating the poly(arylene sulfonium salt) to obtain a
polyarylene sulfide resin, and a polyarylene sulfide resin
comprising a terminal group including a functional group
obtainable by the production method.
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POLYARYLENE SULFIDE RESIN, METHOD
FOR PRODUCING SAME, POLY(ARYLENE
SULFONIUM SALT), AND METHOD FOR
PRODUCING POLY(ARYLENE SULFONIUM
SALT)

TECHNICAL FIELD

[0001] The present invention relates to a polyarylene
sulfide resin, a method for producing the same, a poly
(arylene sulfonium salt), and a method for producing the
same.

BACKGROUND ART

[0002] Polyarylene sulfide resins (hereinafter sometimes
abbreviated as “PAS resin”), the representative of which is
a polyphenylene sulfide resin (hereinafter sometimes abbre-
viated as “PPS resin”) are excellent in heat resistance,
chemical resistance and the like and widely utilized for
applications such as electric/electronic parts, automotive
parts, water heater parts, fibers and films.

[0003] A polyphenylene sulfide resin is conventionally
produced by using solution polymerization in which p-di-
chlorobenzene, and sodium sulfide or sodium hydrosulfide,
and sodium hydroxide are used as raw materials to polym-
erize in an organic polar solvent (e.g., see Patent Literature
1). Polyphenylene sulfide resins which are currently com-
mercially available are generally produced by this method.

[0004] However, since dichlorobenzene was used for a
monomer in the method, the concentration of halogen
remaining in the resin after synthesis tends to be high. It was
also necessary to perform polymerization reaction under a
severe environment of high temperature and high pressure/
strong alkaline, which requires to use a polymerization
vessel using titanium, chromium or zirconium, which is
expensive and hard-to-process, for the wetted part.

[0005] Accordingly, methods for producing a polyarylene
sulfide resin without using dichlorobenzene as a monomer
for polymerization and under moderate polymerization con-
ditions are known. For Example, Patent Literature 2 dis-
closes a solvent-soluble poly(arylene sulfonium salt) as a
precursor for synthesis of a polyarylene sulfide resin. Poly
(arylene sulfonium salt) is produced through a method of
homopolymerizing a sulfoxide having one sulfinyl group
(hereinafter, also referred to as “monofunctional sulfoxide™)
such as methyl phenyl sulfoxide in the presence of an acid
(e.g., see Patent Literature 2 and Non Patent Literature 1).

CITATION LIST

Patent Literature

[0006] Patent Literature 1: U.S. Pat. No. 3,354,129

[0007] Patent Literature 2: Japanese Unexamined Patent
Publication No. H10-182825

Non Patent Literature

[0008] Non Patent Literature 1: JOURNAL OF MACRO-
MOLECULAR SCIENCE Part A—Pure and Applied
Chemistry, Volume 40, Issue 4, p. 415-423
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SUMMARY OF INVENTION

Technical Problem

[0009] Inthe case of a method for producing a polyarylene
sulfide resin through homopolymerization of a monofunc-
tional sulfoxide, the constitutional unit possessed by the
resin is measured by the structure of a monofunctional
sulfoxide as a raw material. Hence, when the constitutional
unit possessed by a polyarylene sulfide resin is changed in
accordance with the intended use, the first task is usually
design of a monofunctional sulfoxide as a raw material.
However, the number of available options for the mono-
functional sulfoxide is small, and the acceptable range of the
constitutional unit of a polyarylene sulfide resin is quite
limited in a substantial way.

[0010] In addition, polyarylene sulfide resins produced
through the above production methods have no highly
reactive functional group at the terminal, and thus they are
poor in reactivity to resins other than polyarylene sulfide
resins and insufficient in functionality as a resin.

[0011] Non Patent Literature 1 discloses a method of
reacting 1,4-bis(methylsulfinyl)benzene, as a sulfoxide hav-
ing two sulfinyl groups (hereinafter, sometimes referred to
as “bifunctional sulfoxide”), with various aromatic com-
pounds in the presence of diphosphorus pentoxide and
trifluoromethanesulfonic acid. According to this method, a
wide variety of polyarylene sulfide resins having a sulfide
group can be produced by changing the aromatic compound.
In this method, however, it is difficult to obtain a resin
having a sufficiently high molecular weight.

[0012] In addition, polyarylene sulfide resins produced
through this production method have no highly reactive
functional group at the terminal, and thus they are poor in
reactivity to other resins and lack functionality as a resin.
[0013] Accordingly, the object to be achieved by the
present invention is to provide a polyarylene sulfide resin
allowing a high degree of freedom in design of the consti-
tutional unit, having a sufficiently high molecular weight,
and having a highly reactive functional group, and a method
for producing the same.

Solution to Problem

[0014] The present inventors diligently studied to achieve
the object, and found that a polyarylene sulfide resin com-
prising a particular functional group at a terminal can be
obtained by a production method comprising a step of
obtaining a poly(arylene sulfonium salt) comprising a par-
ticular functional group at a terminal, and a step of dealky-
lating or dearylating the poly(arylene sulfonium salt) to
obtain a polyarylene sulfide resin, and thus the above object
was achieved.

[0015] Specifically, one aspect of the present invention
relates to (1) a polyarylene sulfide resin comprising a main
chain including a constitutional unit represented by the
following formula (1-1) or the following formula (2-1) and
a terminal group bonding to a terminal of the main chain and
including at least one functional group selected from the
group consisting of a carboxy group, a hydroxy group and
an amino group.

a-n
—FS—Ar'—Z—ArP—S§— A —R¥ 3~

@D
—FS— Arl— R 4.
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[0016] In the formulas, R represents a direct bond,
—Ar**— S Ar*"— —O—Ar*—, —CO—Ar*"—,
—80,—Ar*— or —C(CF,),—Ar**—; Ar', Ar*, Ar*” and
Ar* each independently represent an arylene group option-
ally having a substituent; and Z represents a direct bond,
—S—, —O0—, —CO—, —SO,— or —C(CF,),—.

[0017] Provided that, in formula (1-1), Z is a direct bond,
—CO—, —S0,— or —C(CF;),— in the case that Ar’, Ar?
and Ar*® are each a 1,4-phenylene group and R?? is a direct
bond, and Z is —S— —O—, —CO—, —SO,— or
—C(CF,),— in the case that Ar', Ar* and Ar*” are each a
1,4-phenylene group, R** is —Ar**—, and Ar** is a 1,4-
phenylene group.

[0018] Still another aspect of the present invention is (2)
a method for producing a polyarylene sulfide resin compris-
ing a main chain including a constitutional unit represented
by the following formula (1-1) or the following formula
(2-1) and a terminal group bonding to a terminal of the main
chain and including at least one functional group selected
from the group consisting of a carboxy group, a hydroxy
group and an amino group.

[0019] The method comprises a step of dealkylating or
dearylating a poly(arylene sulfonium salt) comprising a
main chain including a constitutional unit represented by the
following formula (1-2) or a constitutional unit represented
by the following formula (2-2) and a terminal group bonding
to a terminal of the main chain and including at least one
functional group selected from the group consisting of a
carboxy group, a hydroxy group and an amino group.

1-1
—S—Ar'—Z—Ar? —S— A —R¥? 34— -
-1
_[—S_AII_RZb—]_
-2)

R! R!
S*—Arl—z—ArZ—L*—Ar”—RZb
X X

2-2)
Rl
l+_Arl RZb
x

[0020] In formulas (1-1), (1-2), (2-1) and (2-2), R! repre-
sents an alkyl group having 1 to 10 carbon atoms or an aryl
group optionally having an alkyl group having 1 to 10
carbon atoms; R?” represents a direct bond, —Ar**—
—S—Ar*— —O0—AY— —CO—ArY— —SO,—
Ar*— or —C(CF,),—Ar*—; Ar', Ar*, Ar*® and Ar*” each
independently represent an arylene group optionally having
a substituent; 7 represents a direct bond, —S—, —O—,

—CO—, —SO,— or —C(CF;),—; and X~ represents an
anion.
[0021] Another aspect of the present invention relates to

(3) a poly(arylene sulfonium salt) comprising a main chain
including a constitutional unit represented by the following
formula (1-2) or the following formula (2-2) and a terminal
group bonding to a terminal of the main chain and including
at least one functional group selected from the group con-
sisting of a carboxy group, a hydroxy group and an amino

group.

May 21, 2020
(1-2)
R! R!
I I
—[—S*—Arl—z—ArZ—s*—Ar3b—R2b~]—
X X
@-2
Rl
l+—AIl_R2b
oot

[0022] In formulas (1-2) and (2-2), R' represents an alkyl
group having 1 to 10 carbon atoms or an aryl group
optionally having an alkyl group having 1 to 10 carbon
atoms; R?? represents a direct bond, —Ar*—
—S—Ar*"— —O0—A"Y— —CO—Ar"— —SO,—
Ar**— or —C(CF,),—Ar*—; Ar', Ar?, Ar*® and Ar*” each
independently represent an arylene group optionally having
a substituent; 7 represents a direct bond, —S—, —O—,

—CO—, —SO,— or —C(CF;),—; and X~ represents an
anion.
[0023] Still another aspect of the present invention relates

to (4) a method for producing a poly(arylene sulfonium salt)
comprising a main chain including a constitutional unit
represented by the following formula (1-2) or a constitu-
tional unit represented by the following formula (2-2) and a
terminal group bonding to a terminal of the main chain and
including at least one functional group selected from the
group consisting of a carboxy group, a hydroxy group and
an amino group, the method comprising

[0024] (a) reacting a sulfoxide represented by the follow-
ing formula (1-3) with an aromatic compound represented
by the following formula (1-4) in the presence of an aro-
matic compound having at least one functional group
selected from the group consisting of a carboxy group, a
hydroxy group and an amino group, or,

[0025] (b) polymerizing (reacting) a sulfoxide represented
by the following formula (2-3) in the presence of an aro-
matic compound having at least one functional group
selected from the group consisting of a carboxy group, a
hydroxy group and an amino group.

1-2)

R! R!
+i*—Ar1—z—Ar2—L*—Ar3b—R2b1—
X X
(2-2)
Rl
Ail+_Ar1 RZbT
x
(1-3)
1 f
S—Arl—zZ—aAr?—s§
o// \\o
(1-4)
Ar3a_R2a
(2-3)
Rl
S_AII_RZH
4
o]
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[0026] In the formulas, R* represents an alkyl group hav-
ing 1 to 10 carbon atoms or an aryl group optionally having
an alkyl group having 1 to 10 carbon atoms; R** represents
a hydrogen atom, —Ar**, —S—Ar**, —O—Ar**, —CO—
Ar*, —S0,—Ar* or—C(CF,),—Ar**; Ar’“ and Ar** each
independently represent an aryl group optionally having a
substituent; R?” represents a direct bond, —Ar*—
—S—Ar*"— —0—AY— —CO—ArY— —SO,—
Ar*— or —C(CF,),—Ar*—; Ar', Ar*, Ar*® and Ar*” each
independently represent an arylene group optionally having
a substituent; 7 represents a direct bond, —S—, —O—,

—CO—, —SO,— or —C(CF;),—; and X~ represents an
anion.
[0027] Still another aspect of the present invention relates

to (5) a polyarylene sulfide resin comprising a main chain
including a constitutional unit represented by the following
formula (5-1) and having a terminal group bonding to a
terminal of the main chain and represented by the following
formula (3-1b), (3-2b), (3-3b), (3-4b), (3-5b) or (3-6b).

G-1)
—fFS— AT —AS—S— A
(3-1b)
— Ar®—R3—COO0H

(3-2b)
COOH
— a0
COOH
(3-3b)
COOH
— AP =N
H
(3-4b)
_CH,COOH
— At
H, CH,COOH
(3-5b)
— AP —OH
(3-6b)
— AP =N,

[0028] In formula (5-1), Ar’, Ar® and Ar’® each indepen-
dently represent a phenylene group optionally having a
substituent; and in formulas (3-1b), (3-2b), (3-3b), (3-4b),
(3-5b) and (3-6b), R represents a direct bond or an alkylene
group having 1 to 10 carbon atoms; and Ar’” represents an
aryl group.

[0029] Still another aspect of the present invention relates
to (6) a polyarylene sulfide resin comprising a main chain
including a constitutional unit represented by the following
formula (5-1) and a terminal group bonding to a terminal of

the main chain and represented by the following formula
(4-1b), (4-2b), (4-3b) or (4-4b).

G-1)
—S—AT—AS—S—ArP 4+
(4-1b)

— A% —on
R*—COOH
(4-2b)
— A% —on
OH
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-continued
(4-3b)
— At — NI,
OH
(4-4b)
— A% —NH,
COOH

[0030] In formula (5-1), Ar”, Ar® and Ar®® each indepen-
dently represent a phenylene group optionally having a
substituent; and in formulas (4-1b), (4-2b), (4-3b) and
(4-4b), R* represents a direct bond or an alkylene group
having 1 to 10 carbon atoms; and Ar®” represents an aryl
group.

[0031] Still another aspect of the present invention relates
to (7) a poly(arylene sulfonium salt) comprising a main
chain including a constitutional unit represented by the
following formula (5-2) and a terminal group bonding to a

terminal of the main chain and represented by the following
formula (3-1b), (3-2b), (3-3b), (3-4b), (3-5b) or (3-6b).

(5-2)
Rl
S+_Ar7_Ar8_S_Ar9b
b
(3-1b)
— Ar*—R*—COOH
(3-2b)
COOH
H
— =
COOH
coon G-30)
—Ar?'—N
H
(3-4b)
_CH,COOH
s
- b
AP ff, \CHZCOOH
(3-5b)
— Ar’—OH
. (3-6b)
— Ar’—NH,

[0032] In formula (5-2), R' represents an alkyl group
having 1 to 10 carbon atoms or an aryl group optionally
having an alkyl group having 1 to 10 carbon atoms; Ar’, Ar®
and Ar®” each independently represent a phenylene group
optionally having a substituent; and X~ represents an anion;
and

in formulas (3-1b), (3-2b), (3-3b), (3-4b), (3-5b) and (3-6b),
R? represents a direct bond or an alkylene group having 1 to
10 carbon atoms; and Ar®” represents an aryl group.

[0033] Still another aspect of the present invention relates
to (8) a poly(arylene sulfonium salt) comprising a main
chain including a constitutional unit represented by the
following formula (5-2) and a terminal group bonding to a
terminal of the main chain and represented by the following
formula (4-1b), (4-2b), (4-3b) or (4-4b).
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¢-2)
Rl
S+_Ar7_Ar8_S_Ar9b
<
(4-1b)
—Ar®—O0H
R*—COOH
(4-2b)
— A% —on
OH
(4-3b)
— A% —NH,
OH
(4-4b)
— Ar®—NH,
COOH

[0034] In formula (5-2), R' represents an alkyl group
having 1 to 10 carbon atoms or an aryl group optionally
having an alkyl group having 1 to 10 carbon atoms; Ar’, Ar®
and Ar°® each independently represent a phenylene group
optionally having a substituent; and X~ represents an anion;
and

in formulas (4-1b), (4-2b), (4-3b) and (4-4b), R* represents
a direct bond or an alkylene group having 1 to 10 carbon
atoms; and Ar®® represents an aryl group.

[0035] Still another aspect of the present invention relates
to (9) a molding comprising the polyarylene sulfide resin.

Advantageous Effects of Invention

[0036] The present invention can provide a polyarylene
sulfide resin allowing a high degree of freedom in design of
the constitutional unit, having a sufficiently high molecular
weight, and having a highly reactive functional group, and
a method for producing the same.

BRIEF DESCRIPTION OF DRAWINGS

[0037] FIG. 1 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 2. The arrow (position of 1681
cm™) indicates the absorption peak derived from the C=0
stretching vibration of a carboxy group.

[0038] FIG. 2 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 3. The arrow (position of 1708
cm™) indicates the absorption peak derived from the C—0
stretching vibration of a carboxy group.

[0039] FIG. 3 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 4. The arrow (position of 1706
cm™) indicates the absorption peak derived from the C—0
stretching vibration of a carboxy group.

[0040] FIG. 4 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 5. The arrow (position of 1695
cm™) indicates the absorption peak derived from the C—0
stretching vibration of a carboxy group.

[0041] FIG. 5 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 6. The arrow (position of 1687
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cm™) indicates the absorption peak derived from the C=0
stretching vibration of a carboxy group.

[0042] FIG. 6 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 7. The arrows (positions of
3551 em™ and 3500 to 3300 cm™) indicate the absorption
peaks derived from the O—H stretching vibration of a
hydroxy group.

[0043] FIG. 7 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 8. The arrow (position of 3379
cm™) indicates the absorption peak derived from the N—H
stretching vibration of an amino group.

[0044] FIG. 8 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 8. The arrow (position of 1692
cm™) indicates the absorption peak derived from the C=0
stretching vibration of a carboxy group.

[0045] FIG. 9 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 9. The arrow (position of 1695
cm™) indicates the absorption peak derived from the C=0
stretching vibration of a carboxy group.

[0046] FIG. 10 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 10. The arrow (position of
3365 cm™) indicates the absorption peak derived from the
N—H stretching vibration of an amino group.

[0047] FIG. 11 shows a chart acquired from measurement
of the infrared absorption spectrum (range of 1670 to 1720
cm™) of poly(p-phenylene sulfide) obtained in Reference
Example 1.

[0048] FIG. 12 shows a chart acquired from measurement
of the infrared absorption spectrum (range of 3250 to 3650
cm™) of poly(p-phenylene sulfide) obtained in Reference
Example 1.

[0049] FIG. 13 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 11. The arrow (position of
1706 cm™") indicates the absorption peak derived from the
C—O stretching vibration of a carboxy group.

[0050] FIG. 14 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 12. The arrow (position of
1708 cm™') indicates the absorption peak derived from the
C—O stretching vibration of a carboxy group.

[0051] FIG. 15 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 13. The arrow (position of
1707 cm™) indicates the absorption peak derived from the
C—O stretching vibration of a carboxy group.

[0052] FIG. 16 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 14. The arrow (position of
1707 cm™) indicates the absorption peak derived from the
C—O stretching vibration of a carboxy group.

[0053] FIG. 17 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 15. The arrow (position of
1708 cm™) indicates the absorption peak derived from the
C—O stretching vibration of a carboxy group.

[0054] FIG. 18 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) before base treatment process used in Example 16.
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The arrow (position of 1708 cm™) indicates the absorption
peak derived from the C—O stretching vibration of a
carboxy group.

[0055] FIG. 19 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) after base treatment process obtained in Example
16. The absorption peak derived from the C—O stretching
vibration of a carboxy group (position of 1708 cm™") is not
found for this infrared absorption spectrum chart.

[0056] FIG. 20 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 20. The arrow (position of
3552 cm™) indicates the absorption peak derived from the
free O—H stretching vibration of a hydroxy group.

[0057] FIG. 21 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 20. The arrow (position of
1687 cm™) indicates the absorption peak derived from the
C—O stretching vibration of a carboxy group.

[0058] FIG. 22 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 21. The arrow (position of
3555 cm™) indicates the absorption peak derived from the
free O—H stretching vibration of a hydroxy group.

[0059] FIG. 23 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 21. The arrow (position of
1690 cm™) indicates the absorption peak derived from the
C—O stretching vibration of a carboxy group.

[0060] FIG. 24 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 22. The arrow (position of
3555 cm™) indicates the absorption peak derived from the
free O—H stretching vibration of a hydroxy group.

[0061] FIG. 25 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 23. The arrow (position of
3524 cm™) indicates the absorption peak derived from the
free O—H stretching vibration of a hydroxy group.

[0062] FIG. 26 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 24. The arrow (position of
3555 cm™) indicates the absorption peak derived from the
free O—H stretching vibration of a hydroxy group.

[0063] FIG. 27 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 24. The arrows (positions of
3433 em™' and 3377 cm™) indicate the absorption peaks
derived from the N—H stretching vibration of an amino
group.

[0064] FIG. 28 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 25. The arrows (positions of
3433 cm™' and 3377 cm™) indicate the absorption peaks
derived from the N—H stretching vibration of an amino
group.

[0065] FIG. 29 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 25. The arrow (position of
1689 cm™) indicates the absorption peak derived from the
C—O stretching vibration of a carboxy group.

[0066] FIG. 30 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 26. The arrow (position of
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3555 cm™) indicates the absorption peak derived from the
free O—H stretching vibration of a hydroxy group.

[0067] FIG. 31 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 26. The arrow (position of
1692 cm™) indicates the absorption peak derived from the
C—O stretching vibration of a carboxy group.

[0068] FIG. 32 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 27. The arrow (position of
3554 cm™) indicates the absorption peak derived from the
free O—H stretching vibration of a hydroxy group.

[0069] FIG. 33 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 27. The arrow (position of
1692 cm™) indicates the absorption peak derived from the
C—O stretching vibration of a carboxy group.

[0070] FIG. 34 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 28. The arrow (position of
3552 cm™) indicates the absorption peak derived from the
free O—H stretching vibration of a hydroxy group.

[0071] FIG. 35 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 28. The arrow (position of
1692 cm™) indicates the absorption peak derived from the
C—O0 stretching vibration of a carboxy group.

[0072] FIG. 36 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 29. The absorption peak
derived from the C—O stretching vibration of a carboxy
group is not found at the arrow (position of 1687 cm™).
[0073] FIG. 37 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 32. The arrow (position of
3552 cm™) indicates the absorption peak derived from the
free O—H stretching vibration of a hydroxy group.

[0074] FIG. 38 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenylene
sulfide) obtained in Example 32. The arrow (position of
1686 cm™) indicates the absorption peak derived from the
C—O stretching vibration of a carboxy group.

[0075] FIG. 39 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenyle-
nethio-p,p'-biphenylylene sulfide) obtained in Example 34.
The arrow (position of 1708 cm™") indicates the absorption
peak derived from the C—O stretching vibration of a
carboxy group.

[0076] FIG. 40 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenyle-
nethio-p,p'-biphenylylene sulfide) obtained in Example 35.
The arrow (position of 3567 cm™) indicates the absorption
peak derived from the free O—H stretching vibration of a
hydroxy group.

[0077] FIG. 41 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenyle-
nethio-p,p'-biphenylylene sulfide) obtained in Example 35.
The arrow (position of 1681 cm™) indicates the absorption
peak derived from the C—O stretching vibration of a
carboxy group.

[0078] FIG. 42 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenyle-
nethio-p,p'-biphenylylene sulfide) obtained in Example 36.
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The arrow (position of 3567 cm™) indicates the absorption
peak derived from the free O—H stretching vibration of a
hydroxy group.

[0079] FIG. 43 shows a chart acquired from measurement
of the infrared absorption spectrum (range of 3250 to 3650
cm™) of poly(p-phenylenethio-p,p'-biphenylylene sulfide)
obtained in Reference Example 2.

[0080] FIG. 44 shows a chart acquired from measurement
of the infrared absorption spectrum (range of 1670 to 1720
cm™) of poly(p-phenylenethio-p,p'-biphenylylene sulfide)
obtained in Reference Example 2.

[0081] FIG. 45 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenyle-
nethio-p-phenylenethio-p,p'-biphenylylene sulfide) obtained
in Example 37. The arrow (position of 3454 cm™') indicates
the absorption peak derived from the O—H stretching
vibration of a hydroxy group.

[0082] FIG. 46 shows a chart acquired from measurement
of the infrared absorption spectrum of poly(p-phenyle-
nethio-p,p'-biphenylylene sulfide) obtained in Example 37.
The arrow (position of 1684 cm™) indicates the absorption
peak derived from the C—O stretching vibration of a
carboxyl group.

DESCRIPTION OF EMBODIMENTS

[0083] Hereinafter, embodiments of the present invention
will be described in detail. However, the present invention
is never limited to the following embodiments.

[0084] The polyarylene sulfide resin according to one
embodiment is obtained by a production method comprising
a step of obtaining a poly(arylene sulfonium salt) compris-
ing a terminal group including at least one functional group
selected from the group consisting of a carboxy group, a
hydroxy group and an amino group (hereinafter, sometimes
referred to as “particular functional group”), and a step of
dealkylating or dearylating the poly(arylene sulfonium salt)
to obtain a polyarylene sulfide resin.

[0085] In the present specification, the term ‘“hydroxy
group” or “carboxy group” encompasses not only a hydroxy
group or carboxy group but also an anion derived by
deprotonation of a hydroxy group or carboxy group and a
product derived by ion exchange of the proton of a hydroxy
group or carboxy group. The reason is that the hydroxy
group or carboxy group is not only easily deprotonated to
form an anion in a polar solvent such as an aqueous solution,
but also easily forms a product with the proton ion-ex-
changed with a strong base including an alkali metal such as
lithium, sodium, and potassium, or an alkali earth metal such
as calcium and magnesium.

[0086] Poly(Arylene Sulfonium Salt) and Production
Method
[0087] The poly(arylene sulfonium salt) according to one

embodiment comprises a main chain including a constitu-
tional unit represented by the following formula (1-2) or a
main chain including a constitutional unit represented by
formula (2-2), and a terminal group including a particular
functional group bonding to a terminal of the main chain.
The main chain of the poly(arylene sulfonium salt) may be
substantially composed only of a constitutional unit repre-
sented by the following formula (1-2) or a constitutional unit
represented by formula (2-2). The terminal group including
the particular functional group typically directly bond to a
constitutional unit represented by formula (1-2) or (2-2).
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(1-2)
R! R!
I I
—[—S*—Arl—z—ArZ—s*—Ar3b—R2b~]—
X X
@-2
Rl
l+—AIl_R2b
oot

[0088] In formulas (1-2) and (2-2), R' represents an alkyl
group having 1 to 10 carbon atoms or an aryl group
optionally having an alkyl group having 1 to 10 carbon
atoms; R?? represents a direct bond, —Ar*—
—S—Ar*"— —O0—A"Y— —CO—Ar"— —SO,—
Ar**— or —C(CF,),—Ar*—; Ar', Ar?, Ar*® and Ar*” each
independently represent an arylene group optionally having
a substituent; 7 represents a direct bond, —S—, —O—,

—CO—, —SO,— or —C(CF;),—; and X~ represents an
anion.
[0089] The constitutional unit represented by formula

(2-2) may be a constitutional unit represented by the fol-
lowing formula (5-2).

(¢-2)
Rl

S+_Ar7_Ar8_S_Ar9b
X

[0090] In the formula, R' and X~ have the same definitions
as those in formula (1-2), and Ar’, Ar® and Ar’® each
independently represent a phenylene group optionally hav-
ing a substituent. In other words, the case that Ar”, Ar® and
Ar’® are each a 1,4-phenylene group in formula (5-2) cor-
responds to the case that Ar! is a 4,4'-biphenylene group, R>*
is —S—Ar*”— and Ar*” is a 14-phenylene group in
formula (2-2).

[0091] The poly(arylene sulfonium salt) according to one
embodiment can be obtained, for example, by a production
method comprising:

[0092] (a) reacting a sulfoxide represented by the follow-
ing formula (1-3) with an aromatic compound represented
by the following formula (1-4) in the presence of an aro-
matic compound having a particular functional group (here-
inafter, referred to as the step (a)),

or

[0093] (b) polymerizing (homopolymerizing) an aromatic
sulfoxide represented by the following formula (2-3) in the
presence of an aromatic compound having a particular
functional group (hereinafter, referred to as the step (b)).
[0094] The sulfoxide to be used in the step (a) is a
compound represented by the following formula (1-3) and
has two sulfinyl groups.

1-3)
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[0095] Informula (1-3), R', Ar', Ar* and Z have the same
definitions as R*, Ar', Ar* and Z in the above formulas (1-2)
and (2-2), respectively.

[0096] The sulfoxide represented by formula (1-3) can be
obtained, for example, by reacting a compound represented
by the following formula (1-5) with an oxidant or the like to
oxidize.

RL—S—Ar'—7 AP—S R! (1-5)

[0097] In formula (1-5), R*, Ar', Ar* and Z have the same
definitions as R, Ar', Ar* and Z in the above formulas (1-2)
and (2-2).

[0098] The oxidant is not particularly limited, and various
oxidants can be used. Examples of the oxidant which can be
used include potassium permanganate, oxygen, ozone,
organic peroxides, hydrogen peroxide, nitric acid, m-chlo-
roperoxybenzoic acid, oxone (registered trademark) and
osmium tetroxide.

[0099] As necessary, the compound represented by for-
mula (1-5) (sulfide compound) can be synthesized through
substitution reaction of halogen atoms represented by Y with
methylthio groups or the like by using a compound repre-
sented by the following formula (1-6) and dimethy] disulfide
or the like.

Y—Ar'— 7 APY (1-6)

[0100] In formula (1-6), Y represents a halogen atom; and
Ar!, Ar® and Z have the same definitions as those in formulas
(1-2) and (2-2).Y is, for example, a chlorine atom, a bromine
atom, or an iodine atom, and it is preferable that Y be a
chlorine atom.

[0101] In the compounds represented by formulas (1-3),
(1-5) or (1-6), Ar' and Ar* may be each an arylene group
such as phenylene, naphthylene, and biphenylene. Although
Ar' and Ar* may be the same or different, they are preferably
the same.

[0102] The mode of bonding in Ar' and Ar® is not par-
ticularly limited, but it is preferably a situation in which they
are bonding to Y and Z at positions distant from each other
in the arylene group. For example, in the case that Ar' and
Ar® are each a phenylene group, a unit bonding at the
p-position (1,4-phenylene group) and a unit bonding at the
m-position (1,3-phenylene group) are preferable, and a unit
bonding at the p-position is more preferable. It is preferable
that Ar' and Ar* be each composed of a unit bonding at the
p-position in the aspect of the heat resistance and crystalline
character of a resin to be obtained.

[0103] When the arylene group represented by Ar' or Ar?
has a substituent, the substituent is preferably an alkyl group
having 1 to 10 carbon atoms such as a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl
group, a heptyl group, an octyl group, a nonyl group and a
decyl group, a hydroxy group, an amino group, a mercapto
group, a carboxy group or a sulfo group.

[0104] Examples of the compound represented by formula
(1-3) include 4,4'-bis(methylsulfinyl)biphenyl, bis[4-(meth-
ylsulfinyl)phenyl] ether, bis[4-(methylsulfinyl)phenyl] sul-
fide, bis[4-(methylsulfinyl)phenyl|sulfone, bis[4-(methyl-
sulfinyl)phenyl] ketone, and 2,2-bis[4-(methylsulfinyl)
phenyl]-1,1,1,3,3,3-hexafluoropropane. These compounds
can be used singly or in combination.

[0105] Examples of R' include alkyl groups having 1 to 10
carbon atoms such as a methyl group, an ethyl group, a
propyl group, a butyl group, a pentyl group, a hexyl group,
a heptyl group, an octyl group, a nonyl group and a decyl
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group, and aryl groups having a structure of phenyl, naph-
thyl, biphenyl or the like. Further, the aryl group may have
1 to 4 alkyl groups having 1 to 10 carbon atoms such as a
methyl group, an ethyl group, a propyl group, a butyl group,
a pentyl group, a hexyl group, a heptyl group, an octyl
group, a nonyl group and a decyl group, as substituents
bonding to the aromatic ring.

[0106] The aromatic compound to be used in the step (a)
is, for example, represented by the following formula (1-4).

Ar’a_R2e (1-4)

[0107] In formula (1-4), R*® represents a hydrogen atom,
an alkyl group having 1 to 10 carbon atoms, —Ar*?,
—S—Ar*, —O0—Ar*, —CO—Ar*, —SO,—Ar* or
—C(CF,),—Ar*; Ar® and Ar*® each independently repre-
sent an aryl group optionally having a substituent. In the
case that R>* is an alkyl group having 1 to 10 carbon atoms,
examples of R** include a methyl group, an ethyl group, a
propyl group, a butyl group, a pentyl group, a hexyl group,
a heptyl group, an octyl group, a nonyl group and a decyl
group. In the case that the aryl group represented by Ar’® or
Ar*™ has a substituent, the substituent is preferably a alkyl
group (e.g., a methyl group), a hydroxy group, an amino
group, a mercapto group, a carboxy group or a sulfo group.
Examples of Ar** and Ar*® include aryl groups having a
structure of phenyl, naphthyl, biphenyl or the like. The aryl
group may have at least one substituent selected from an
alkyl group having 1 to 10 carbon atoms such as a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl
group, a hexyl group, a heptyl group, an octyl group, a nonyl
group and a decyl group, a hydroxy group, an amino group,
a mercapto group, a carboxy group and a sulfo group.
Although Ar*® and Ar** may be the same or different, they
are preferably the same.

[0108] Examples of the compound represented by formula
(1-4) include benzene, toluene, biphenyl, diphenyl sulfide,
diphenyl ether, benzophenone, diphenyl sulfone and
hexafluoro-2,2-diphenylpropane. Among these compounds,
biphenyl, diphenyl sulfide and diphenyl ether are preferable
from the viewpoint of the crystalline character. From the
viewpoint of obtaining a polyarylene sulfide resin having a
higher molecular weight, diphenyl sulfide is preferable.
Dipheny! sulfide has low melting point, and can function in
itself as a solvent, and is preferable also from the viewpoint
of control of the reaction temperature, for example. From the
viewpoint of lowering of the melting point of the pol-
yarylene sulfide resin, diphenyl ether is preferable. From the
viewpoint of enhancement of the heat resistance of the
polyarylene sulfide resin, benzophenone is preferable. From
the viewpoint of obtaining an amorphous polyarylene sulfide
resin, diphenyl sulfone and hexafluoro-2,2-diphenylpropane
are preferable. The moldability and transparency of the
polyarylene sulfide resin can be improved through providing
the polyarylene sulfide resin with amorphous character.
[0109] The aromatic sulfoxide to be used in the step (b) is
a compound represented by the following formula (2-3), and
has a sulfinyl group and an aromatic ring.

2-3)

S_AII_RZH
7
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[0110] In formula (2-3), R! and Ar' have the same defi-
nitions as R' and Ar' in the above formulas (1-2) and (2-2),
and R** has the same definition as R** in the above formula
(1-4).

[0111] By using an aromatic sulfoxide represented by the
following formula (5-3) as the aromatic sulfoxide repre-
sented by formula (2-3) in the step (b), a poly(arylene
sulfonium salt) including a constitutional unit represented by
formula (5-2) can be obtained.

(¢-3)
Rl
|
S— A —AB—S— A
P Ar'— At —S—Ar
O
[0112] In formula (5-3), R! has the same definition as that

in formula (2-3). Ar” and Ar® have the same definitions as
those in formula (5-2). Ar’® represents a phenyl group
optionally having a substituent.

[0113] The aromatic sulfoxide represented by formula
(2-3) can be obtained, for example, by reacting a compound
represented by the following formula (2-4) with an oxidant
or the like to oxidize.

RL-_S—Arl—R> (2-4)

[0114] In formula (2-4), R' and Ar' have the same defi-
nitions as R' and Ar” in the above formulas (1-2) and (2-2),
and R? has the same definition as R* in the above formula
(1-4).

[0115] The oxidant is not particularly limited, and various
oxidants can be used. Examples of the oxidant which can be
used include potassium permanganate, oxygen, ozone,
organic peroxides, hydrogen peroxide, nitric acid, meta-
chloroperoxybenzoic acid, oxone (registered trademark) and
osmium tetroxide.

[0116] As necessary, the compound represented by for-
mula (2-4) (sulfide compound) can be synthesized through
substitution reaction of a halogen atom represented by Y
with a methylthio group or the like by using a compound
represented by the following formula (2-5) and dimethyl
disulfide or the like.

Y—Arl—R?® (2-5)

[0117] In formula (2-5), Y has the same definition as Y in
the above formula (1-6), Ar' has the same definition as Ar*
in formulas (1-2) and (2-2), and R** has the same definition
as R?* in the above formula (1-4).

[0118] As the aromatic sulfoxide represented by formula
(2-3), for example, methyl phenyl sulfoxide or methyl-4-
(phenylthio)phenyl sulfoxide can be used. Among these
compounds, methyl-4-(phenylthio)phenyl sulfoxide is pref-
erable. One of the aromatic sulfoxides may be used singly,
or two or more thereof may be used in combination.
[0119] The poly(arylene sulfonium salt) according to one
embodiment is obtained by reacting a sulfoxide in the
presence of an aromatic compound having a particular
functional group (hereinafter, sometimes referred to as “ter-
minal modifier”).

[0120] The aromatic compound having a particular func-
tional group is not particularly limited as long as it does not
depart from the spirit of the present invention, and may have
a particular functional group directly bonding to the aro-
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matic ring, or may have a particular functional group bond-
ing to a divalent organic group as a substituent of the
aromatic ring.

[0121] More specifically, preferable examples of aromatic
compounds having a particular functional group include
aromatic compounds represented by the following formulas
(3-1a), (3-2a), (3-3a), (3-4a), (3-5a) or (3-6a).

(3-1a)
— A —R3—COOH

(3-22)
1_-COOH
—A15”—C\
COOH
coon 3
—AP—N
i
(3-4a)
_CH,COOH
~
— AP s \CHZCOOH
s (3-52)
— APT—OH
s (3-68)
— APT—NIL

[0122] In the formulas, R® represents a direct bond or an
alkylene group having 1 to 10 carbon atoms; and Ar’®
represents an aryl group.

[0123] The alkylene group having 1 to 10 carbon atoms as
R® may be linear or branched. Examples of the alkylene
group include methylene, 1,2-ethylene, 1,3-propylene, 1,4-
butylene, 1,6-hexylene, 2-methyl-1,3-propylene, 2-ethyl-1,
3-propylene, 2,2-dimethyl-1,3-propylene, 2,2-dimethyl-1,4-
butylene and 1,10-decylene. Examples of Ar’? include aryl
groups having a structure of phenyl, naphthyl, biphenyl or
the like.

[0124] Specific examples of the aromatic compound rep-
resented by formula (3-1a), (3-2a), (3-3a), (3-4a), (3-5a) or
(3-6a) include benzoic acid, phenylpropionic acid, phenyl-
hexanoic acid, phenylisobutyric acid, phenylmalonic acid,
phenol, N-phenylglycine, N-benzyliminodiacetic acid and
aniline.

[0125] Preferable examples of aromatic compounds hav-
ing a particular functional group also include aromatic
compounds represented by the following formula (4-1a),
(4-2a), (4-3a) or (4-4a).

(4-1a)

Arfe OH
R*—COOH

(4-2a)
Arfe OH
OH

(4-3a)
Arf"——NH,
OH

(4-4a)
Ar%a——NH,
COOH
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[0126] In the formulas, R* represents a direct bond or an
alkylene group having 1 to 10 carbon atoms; and Ar®
represents an aryl group.

[0127] The alkylene group having 1 to 10 carbon atoms as
R* may be linear or branched. Examples of the alkylene
group include methylene, 1,2-ethylene, 1,3-propylene, 1,4-
butylene, 1,6-hexylene, 2-methyl-1,3-propylene, 2-ethyl-1,
3-propylene, 2,2-dimethyl-1,3-propylene, 2,2-dimethyl-1,4-
butylene and 1,10-decylene. Examples of Ar®* include aryl
groups having a structure of phenyl, naphthyl, biphenyl or
the like.

[0128] The aromatic compound represented by formula
(4-1a), (4-2a), (4-3a) or (4-4a) may be, for example, any of
compounds represented by the following chemical formulas.
In the formulas, R* has the same definition as that in
formulas (4-1a) and so on.

OH

HO COOH

[0129] In the reaction in the step (a), an aromatic com-
pound having a particular functional group can also be
added to the reaction system for reaction after obtaining a
poly(arylene sulfonium salt) by reacting the sulfoxide rep-
resented by formula (1-3) with the aromatic compound
represented by formula (1-4). It is preferable that the sul-
foxide represented by formula (1-3) is reacted with the
aromatic compound represented by formula (1-4) in the
presence of an aromatic compound having a particular
functional group, from the viewpoint of excellence in further
simplification of the step.

[0130] Similarly, in the reaction in the step (b), an aro-
matic compound having a particular functional group can
also be added to the reaction system for reaction after
obtaining a poly(arylene sulfonium salt) by reacting the
aromatic sulfoxide represented by formula (2-3). It is pref-
erable to react the aromatic sulfoxide represented by formula
(2-3) in the presence of an aromatic compound having a
particular functional group, from the viewpoint of excel-
lence in further simplification of the step.

[0131] The reaction in the step (a) or the step (b) is
preferably performed in the presence of an acid. The acid
may be either an organic acid or an inorganic acid. Examples
of the acid include non-oxoacids such as hydrochloric acid,
hydrobromic acid, hydrocyanic acid and tetrafluoroboric
acid; inorganic oxoacids such as sulfuric acid, phosphoric
acid, perchloric acid, bromic acid, nitric acid, carbonic acid,
boric acid, molybdic acid, isopoly acid and heteropoly acid;
partial salts or partial esters of sulfuric acid such as sodium
hydrogen sulfate, sodium dihydrogen phosphate, proton-
remaining heteropoly acid salts, monomethyl sulfate and
trifluoromethane sulfate; mono- or polycarboxylic acids
such as formic acid, acetic acid, propionic acid, butanoic
acid, succinic acid, benzoic acid and phthalic acid; halogen-
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substituted carboxylic acids such as monochloroacetic acid,
dichloroacetic acid, trichloroacetic acid, monofluoroacetic
acid, difluoroacetic acid and trifluoroacetic acid; mono- or
polysulfonic acids such as methanesulfonic acid, ethanesul-
fonic acid, propanesulfonic acid, benzenesulfonic acid, tolu-
enesulfonic acid, trifluoromethanesulfonic acid and ben-
zenedisulfonic acid; partial metal salts of a polysulfonic acid
such as sodium benzenedisulfonate; and Lewis acids such as
antimony pentachloride, aluminum chloride, aluminum bro-
mide, titanium tetrachloride, tin tetrachloride, zinc chloride,
copper chloride and iron chloride. Among these acids, it is
preferable to use trifluoromethanesulfonic acid or methane-
sulfonic acid from the viewpoint of reactivity. These acids
may be used singly or in combinations of two or more
thereof.

[0132] A dehydrating agent may be used in combination
because the reaction in the step (a) or the step (b) is a
dehydration reaction. Examples of the dehydrating agent
include phosphoanhydrides such as phosphorous oxide and
phosphorous pentoxide; sulfonic anhydrides such as benze-
nesulfonic anhydride, methanesulfonic anhydride, trifluo-
romethanesulfonic anhydride and p-toluenesulfonic anhy-
dride; carboxylic anhydrides such as acetic anhydride,
fluoroacetic anhydride and trifluoroacetic anhydride; anhy-
drous magnesium sulfate, zeolite, silica gel and calcium
chloride. These dehydrating agents may be used singly or in
combinations of two or more thereof.

[0133] A solvent can be appropriately used for the reaction
in the step (a) or the step (b). Examples of the solvent
include alcohol solvents such as methanol, ethanol, propanol
and isopropyl alcohol; ketone solvents such as acetone,
methyl ethyl ketone and methyl isobutyl ketone; nitrile
solvents such as acetonitrile; halogen-containing solvents
such as methylene chloride and chloroform; saturated hydro-
carbon solvents such as n-hexane, cyclohexane, n-heptane
and cycloheptane; amide solvents such as dimethylacet-
amide and N-methyl-2-pyrrolidone; sulfur-containing sol-
vents such as sulfolane and DMSO; and ether solvents such
as tetrahydrofuran and dioxane. These solvents may be used
singly or in combinations of two or more thereof.

[0134] The conditions for reaction in the step (a) or the
step (b) can be appropriately adjusted so as to allow the
reaction to proceed suitably. The reaction temperature is
preferably in a range of =30 to 150° C., and more preferably
in a range of 0 to 100° C.

[0135] The poly(arylene sulfonium salt) obtained in the
step (a) comprises a main chain including a constitutional
unit represented by the following formula (1-2) and a
terminal group bonding to a terminal of the main chain and
including a particular functional group.

1-2)

R! R!
i*—Arl—Z—ArZ—L*—Ar”—RZb
X X

[0136] In formula (1-2), R' represents an alkyl group
having 1 to 10 carbon atoms or an aryl group optionally
having an alkyl group having 1 to 10 carbon atoms; R**
represents a direct bond, —Ar*— S —Ar*’
—O—Ar**—, —CO—Ar*—, —SO,—Ar*”— or
—C(CF,),—Ar**—; Ar', Ar®, Ar*® and Ar* each indepen-
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dently represent an arylene group optionally having a sub-
stituent; Z represents a direct bond, —S—, —O—, —CO—,
—S0,— or —C(CF;),—; and X~ represents an anion.
[0137] For example, Ar*” and Ar*” may be each an arylene
group such as phenylene, naphthylene and biphenylene.
Although Ar*® and Ar*” may be the same or different, they
are preferably the same. Examples of X~ representing an
anion include anions such as sulfonate, carboxylate and
halogen ions. In the case that Ar', Ar®> and Ar®® are each a
1,4-phenylene group and R?” is a direct bond in formula
(1-2), it is preferable that Z be a direct bond, —CO—,
—80,— or —C(CF,),—. In the case that Ar', Ar* and Ar*”
are each a 1,4-phenylene group, R?® is —Ar*’—, and Ar*
is a 1,4-phenylene group, it is preferable that Z be —S—,
—0—, —CO—, —SO,— or —C(CF;),—.

[0138] In the constitutional unit represented by formula
(1-2), the mode of bonding in Ar*® and Ar* is not particu-
larly limited, and the same concept as for the mode of
bonding in Ar* and Ar? in formula (1-3) can be applied.
[0139] In the case that the arylene group represented by
Ar®® or Ar*” has a substituent, the substituent is preferably an
alkyl group having 1 to 10 carbon atoms such as a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl
group, a hexyl group, a heptyl group, an octyl group, a nonyl
group and a decyl group, a hydroxy group, an amino group,
a mercapto group, a carboxy group or a sulfo group. How-
ever, the ratio of the constitutional unit represented by
formula (1-2) in which Ar', Ar>, Ar*® and Ar* are each an
arylene group having a substituent is preferably in the range
of 10% by mass or less, and more preferably 5% by mass or
less based on the whole poly(arylene sulfonium salt) from
the viewpoint of further suppressing reduction in the crys-
tallinity and heat resistance of the polyarylene sulfide resin.
[0140] The constitutional unit included in the poly(arylene
sulfonium salt) can be appropriately selected, for example,
through changing the combination of the sulfoxide repre-
sented by formula (1-3) and the aromatic compound repre-
sented by formula (1-4), in accordance with the purpose of
use of the polyarylene sulfide resin.

[0141] On the other hand, the poly(arylene sulfonium salt)
obtained in the step (b) comprises a main chain including a
constitutional unit represented by the following formula
(2-2) and a terminal group bonding to a terminal of the main
chain and including a particular functional group.

2-2)
Rl

l+—AI1_ RZb
ot

[0142] In formula (2-2), R' represents an alkyl group
having 1 to 10 carbon atoms or an aryl group optionally
having an alkyl group having 1 to 10 carbon atoms; R>®
represents a direct bond, —Ar*— —S—Ar*’
—O0—Ar*"—, —CO—Ar*—, —SO,—Ar*”— or
—C(CF,),—Ar**—; Ar' and Ar*” each independently rep-
resent an arylene group optionally having a substituent; and
X~ represents an anion.

[0143] In formula (2-2), R', R®*, Ar' and X~ have the
same definitions as R!, R®*, Ar! and X~ in formula (1-2).
[0144] Further, a poly(arylene sulfonium salt) produced
by using the aromatic compound represented by formula
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(3-1a), (3-2a), (3-3a), (3-4a), (3-5a) or (3-6a) as a raw
material can have a terminal group represented by the
following formula (3-1b), (3-2b), (3-3b), (3-4b), (3-5b) or
(3-6b).

(3-1b)

(3-2b)
COOH
H
—APb—c<
COOH
(3-3b)
/—COOH
—Ar’—N
H
(3-4b)
_CHCOOH
_N
—arr—c”7 \
H, CH,COOH
(3-5b)
—Ar*—oH
(3-6b)
— Ar’—NH,

[0145] In the formulas, R? represents a direct bond or an
alkylene group having 1 to 10 carbon atoms; and Ar>®
represents an aryl group.

[0146] A poly(arylene sulfonium salt) produced by using
the aromatic compound represented by formula (4-1a),
(4-2a), (4-3a) or (4-4a) as a raw material can have a terminal
group represented by the following formula (4-1b), (4-2b),
(4-3b) or (4-4b).

(4-1b)

— A®*—OH
R*—COOH
(4-2b)
— A" —oH
OH
(4-3b)
— Ar®*—NH,
OH
(4-4b)
— A —NIH,
COOH

[0147] In the formulas, R* represents a direct bond or an
alkylene group having 1 to 10 carbon atoms; and Ar®”
represents an aryl group.

[0148] The aryl group of each of Ar*® and Ar®” can include
an arylene group in which a substituent bonds to an aryl
group.

[0149] Examples of the terminal group represented by
formula (4-1b), (4-2b), (4-3b) or (4-4b) include groups
represented by the following chemical formulas. In the
formulas, R* has the same definition as that in formulas
(4-1a) and so on.
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OH

R*—COOH OH

OH

aQ,

HO
LN

o)

COOH

[0150] Polyarylene Sulfide Resin and Production Method

[0151] The polyarylene sulfide resin according to one
embodiment comprises a main chain including a constitu-
tional unit represented by formula (1-1) or a constitutional
unit represented by formula (2-1), and a terminal group
bonding to a terminal of the main chain and including at
least one functional group selected from the group consist-
ing of a carboxy group, a hydroxy group and an amino group
(particular functional group).

a-n
—FS—Ar!'—Z—Ar? —S—Ar’*—R¥?4—

-
—FS— Ar!— R 4—

[0152] Informulas (1-1)and (2-1), R®® represents a direct
bond, —Ar*—, —S— A" —O—Ar* _—CO—
Ar*®— 80, —Ar**— or —C(CF,),—Ar*—; Ar', Ar%,
Ar*® and Ar*? each independently represent an arylene group
optionally having a substituent; and Z represents a direct
bond, —S—, —O—, —CO—, —SO,— or —C(CF;),—.
[0153] The constitutional unit represented by formula
(2-1) may be a constitutional unit represented by the fol-
lowing formula (5-1).

G-D
—FSs—AT—AS—S— AP —

[0154] In the formula, Ar’, Ar® and Ar®® each indepen-
dently represent a phenylene group optionally having a
substituent. In other words, the case that Ar’, Ar® and Ar®®
are each a 1,4-phenylene group in formula (5-1) corresponds
to the case that Ar' is a 4,4'-biphenylene group, R? is
—S—Ar*_ and Ar* is a 1,4-phenylene group in formula
2-D.

[0155] The polyarylene sulfide resin according to one
embodiment can be obtained by a production method com-
prising a step of dealkylating or dearylating a poly(arylene
sulfonium salt) comprising a main chain including a con-
stitutional unit represented by the following formula (1-2) or
a constitutional unit represented by the following formula
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(2-2) and a terminal group bonding to a terminal of the main
chain and including a particular functional group.

1-2)

R! R!
+i*—Ar1—z—Ar2—L*—Ar3b—R2bi—
X X
: -2
R

l+—AI1_ RZb
T

[0156] In formulas (1-2) and (2-2), R' represents an alkyl
group having 1 to 10 carbon atoms or an aryl group
optionally having an alkyl group having 1 to 10 carbon
atoms; R?* represents a direct bond, —Ar*’—
—S—Ar*—, —O0—A*"—, —CO—Ar"—, —SO,—
Ar**— or —C(CF,),—Ar*—; Ar', Ar, Ar*® and Ar*” each
independently represent an arylene group optionally having
a substituent; 7 represents a direct bond, —S—, —O—,
—CO—, —SO,— or —C(CF;),—; and X~ represents an
anion.

[0157] The polyarylene sulfide resin having a main chain
comprising the constitutional unit represented by formula
(5-1) can be obtained, for example, by a step of dealkylating
or dearylating a poly(arylene sulfonium salt) comprising a
main chain including the constitutional unit represented by
the above formula (5-2).

[0158] Dealkylation or dearylation of the poly(arylene
sulfonium salt) proceeds presumably as represented by the
following reaction formula, for example.

N,
N
R! R! |

| e
St—Arl—Z—AP—S"— A —R? _—
Rl

X X

N2
—fs—arl—z—ald—s— A —Rr®}— + 2 F

9

[0159] In this step, a dealkylating agent or dearylating
agent can be used. The dealkylating agent or dearylating
agent contains a nucleophilic agent or reductant. As the
nucleophilic agent, a nitrogen-containing aromatic com-
pound, an amine compound, an amide compound, or the like
can be used. As the reductant, metal potassium, metal
sodium, potassium chloride, sodium chloride, hydrazine, or
the like can be used. One of these compounds may be used
singly, or two or more thereof may be used in combination.
[0160] Examples of the nitrogen-containing aromatic
compound include pyridine, quinoline and aniline. Among
these compounds, pyridine, which is a general-purpose
compound, is preferable.

[0161] Examples of the amine compound include trialky-
lamines and ammonia.



US 2020/0157284 Al

[0162] As the amide compound, an aromatic amide com-
pound or an aliphatic amide compound can be used. The
aliphatic amide compound is, for example, a compound
represented by the following formula (4).

Q)

[0163] In formula (4), R'!, R'? and R'? each indepen-
dently represent a hydrogen atom or an alkyl group having
1 to 10 carbon atoms; and R'' and R'? may be bonded
together to form a cyclic structure. Examples of the alkyl
group having 1 to 10 carbon atoms include a methyl group,
an ethyl group, a propyl group, a butyl group, a pentyl group,
a hexyl group, a heptyl group, an octyl group, a nonyl group
and a decyl group.

[0164] The compound represented by formula (4) presum-
ably functions as a dealkylating agent or dearylating agent to
dealkylate or dearylate an alkyl group or aryl group bonding
to a sulfur atom in a sulfonium salt, for example, through
reaction represented by the following reaction formula (1) or

Q).

Reaction Formula 1
RS R!

St—Ar!l—Z—AP? —St— AP —R% +

X X
O R2
I/
RU—C—N —
\
RI3
—S—Ar'—Z—AP—S— A —R¥4+— &+
R! X
O, R2
|\t /
2 RU—C=N
\
RI3
Reaction Formula 2
1
Il{ (ﬁ /Rlz
—[~s*—Ar1—R2b~]— + RU—C—N —
X \R13
R!
(@] 12
—FS—Arl—R?4— + L /R
RI—C-N
\
RI3

[0165] Moreover, the aliphatic amide compound has a
higher water miscibility than those of aromatic amide com-
pounds, and hence can be easily removed by washing the
reaction mixture with water. Due to this, in the case that an
aliphatic amide compound is used, the amount of the ali-
phatic amide compound remaining in a polyarylene sulfide
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resin can be further reduced in comparison with the case that
an aromatic amide compound is used.

[0166] Thus, use of an aliphatic amide compound as a
dealkylating agent or dearylating agent is preferable because
the generation of gas can be suppressed, for example, in
processing a resin, the quality of a polyarylene sulfide resin
molding can be enhanced and the working environment can
be improved, and in addition the maintainability of a metal
mold can be enhanced. Further, because an aliphatic amide
compound is also excellent in solubility for organic com-
pounds, use of the aliphatic amide compound enables easy
removal of an oligomer component of a polyarylene sulfide
from the reaction mixture. As a result, the oligomer com-
ponent, which may contribute to the generation of gas, can
be removed by the aliphatic amide compound to synergis-
tically enhance the quality of a polyarylene sulfide resin to
be obtained.

[0167] Examples of the aliphatic amide compound which
can be used include primary amide compounds such as
formamide; secondary amide compounds such as §-lactam;
and tertiary amide compounds such as N-methyl-2-pyrroli-
done, dimethylformamide, diethylformamide, dimethylacet-
amide and tetramethylurea. From the view point of the
solubility for a poly(arylene sulfonium salt) and the solu-
bility in water, the aliphatic amide compound preferably
includes an aliphatic tertiary amide compound in which R*?
and R'® are each an aliphatic group, and especially,
N-methyl-2-pyrrolidone is preferable among tertiary amide
compounds.

[0168] The aliphatic amide compound not only functions
as a dealkylating agent or dearylating agent, but also can be
used as a reaction solvent because of being excellent in
solubility. Although the amount of the aliphatic amide
compound to be used is not particularly limited, the lower
limit is preferably in a range of 1.00 equivalent or more,
more preferably in a range of 1.02 equivalents or more, and
still more preferably in a range of 1.05 equivalents or more
with respect to the total amount of a poly(arylene sulfonium
salt). In the case that the amount of the aliphatic amide
compound to be used is 1.00 equivalent or more, dealky-
lation or dearylation of a poly(arylene sulfonium salt) can be
carried out satisfactorily. On the other hand, the upper limit
of the amount of the aliphatic amide compound to be used
is preferably 100 equivalents or less, and more preferably 10
equivalents or less based on the total amount of a poly
(arylene sulfonium salt). As the reaction solvent, the ali-
phatic amide compound may be used alone or in combina-
tion with another solvent such as toluene.

[0169] Conditions for the reaction of the poly(arylenesul-
fonium salt) according to the present embodiment with the
aliphatic amide compound can be appropriately adjusted so
as to allow dealkylation or dearylation to proceed suitably.
The reaction temperature is preferably in a range of 50 to
250° C., and more preferably in a range of 80 to 230° C.
[0170] The method for manufacturing a polyarylene sul-
fide resin according to the present embodiment may further
include a step of washing a polyarylene sulfide resin with
water, a water-soluble solvent or a mixture solvent thereof.
By including such a washing step, it is possible to more
reliably reduce the amount of a remaining dealkylating agent
or dearylating agent contained in a polyarylene sulfide resin
to be obtained. This tendency becomes more significant
when an aliphatic amide compound is used as a dealkylating
agent or dearylating agent.
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[0171] Through a washing step, it is possible to more
reliably reduce the amount of a dealkylating agent or deary-
lating agent remaining in a polyarylene sulfide resin to be
obtained. The amount of a dealkylating agent or dearylating
agent remaining in the resin is preferably in a range of 1000
ppm or less, more preferably in a range of 700 ppm or less,
and still more preferably in a range of 100 ppm or less based
on the mass of the resin including a polyarylene sulfide resin
and other components such as a dealkylating agent or
dearylating agent. In the case that the amount of a dealky-
lating agent or dearylating agent remaining in the resin is
1000 ppm or less, it is possible to further reduce a substantial
influence on the quality of a polyarylene sulfide resin to be
obtained.

[0172] The solvent used in the washing step is, although
not particularly limited, preferably one which dissolves an
unreacted material therein. Examples of the solvent include
water; acidic aqueous solutions such as hydrochloric acid,
an aqueous solution of acetic acid, an aqueous solution of
oxalic acid and an aqueous solution of nitric acid; aromatic
hydrocarbon solvents such as toluene and xylene; alcohol
solvents such as methanol, ethanol, propanol and isopropyl
alcohol; ketone solvents such as acetone, methyl ethyl
ketone and methyl isobutyl ketone; nitrile solvents such as
acetonitrile; ether solvents such as tetrahydrofuran and diox-
ane; amide solvents such as dimethylacetamide and
N-methyl-2-pyrrolidone; and halogen-containing solvents
such as dichloromethane and chloroform. These solvents
may be used singly or in combinations of two or more
thereof. Among these solvents, water and N-methyl-2-pyr-
rolidone are preferable from the viewpoint of removal of the
reaction reagents and removal of the oligomer component of
the resin.

[0173] The reaction product obtained by the washing step
may be subjected to base treatment with an aqueous solution
containing a basic compound, as necessary, to replace the
hydroxy group or carboxy group present in the molecular
structure of a polyarylene sulfide resin with a metal salt.
[0174] The temperature condition for the base treatment
is, for example, in a range of 5 to 100° C. The temperature
condition is particularly preferably in a range of 15 to 80° C.
from the viewpoint of increasing the amount of terminal
metal salts in a polyarylene sulfide resin and preventing
lowering of the molecular weight. It is preferable that the pH
in the base treatment process be controlled in a range of 3.0
to 10.0 after the base treatment process, and it is more
preferable that the pH in the base treatment process be
controlled in a range of 6.0 to 8.0, from the viewpoint of
increasing the content of terminal metal salts in a pol-
yarylene sulfide resin. Examples of the method for measur-
ing pH in the case that an acid is added to a slurry include
a method in which the pH of a filtrate after filtration of the
slurry is measured. Further, examples of the method for
measuring pH in the case that base treatment is performed
for a polyarylene sulfide resin as a solid content after
filtration include a method in which the pH of a filtrate after
washing, as a mixture of all filtrates obtained through
repeated washing with an aqueous solution having a prede-
termined base concentration, is measured.

[0175] The basic compound to be used in the base treat-
ment is preferably a compound which is highly basic in an
aqueous solution. Examples of such compounds which may
be used include hydroxides of alkali metal such as lithium
hydroxide, sodium hydroxide and potassium hydroxide;
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hydroxides of alkali earth metal such as calcium hydroxide
and magnesium hydroxide; sodium carbonate; calcium car-
bonate; and sodium phosphate.

[0176] The polyarylene sulfide resin obtained by the pro-
duction method according to one embodiment with the
poly(arylene sulfonium salt) obtained in the step (a) com-
prises a main chain including a constitutional unit repre-
sented by the following formula (1-1) and a terminal group
bonding to a terminal of the main chain and including a
particular functional group.

a-n
—fFS—Ar'—Z—ArP—S— A —R¥3—

[0177] In formula (1-1), R**, Ar', Ar®, Ar*® and Z are as
defined in the above. In the case that Ar', Ar®> and Ar®® are
each a 1,4-phenylene group, and R?® is a direct bond in
formula (1-1), it is preferable that Z be a direct bond,
—CO—,—S0O,— or —C(CF,),—. In the case that Ar', Ar?
and Ar®” are each a 1,4-phenylene group, R? is —Ar*’—
and Ar* is a 1,4-phenylene group, it is preferable that Z be
—S—, —0—, —CO—, —SO,— or —C(CF;),—.

[0178] In the constitutional unit represented by formula
(1-1), the mode of bonding in Ar*, Ar?, Ar*” and Ar*” is not
particularly limited, and the same concept as for the mode of
bonding in Ar' and Ar? in formulas (1-2), (1-3) and (1-4) can
be applied.

[0179] In the case that the arylene group represented by
Art, Ar?, Ar®® or Ar*® has a substituent, the substituent is
preferably an alkyl group having 1 to 10 carbon atoms such
as a methyl group, an ethyl group, a propyl group, a butyl
group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a nonyl group and a decyl group, a hydroxy
group, an amino group, a mercapto group, a carboxy group
or a sulfo group. However, the ratio of the constitutional unit
represented by formula (1-1) in which Ar', Ar?, Ar® and Ar*®
are each an arylene group having a substituent is preferably
in a range of 10% by mass or less, and more preferably in
a range of 5% by mass or less with respect to the whole
polyarylene sulfide resin from the viewpoint of further
suppressing reduction in the crystallinity and heat resistance
of the polyarylene sulfide resin.

[0180] The constitutional unit included in the polyarylene
sulfide resin can be appropriately selected, for example, by
changing the combination of the sulfoxide represented by
formula (1-3) and the aromatic compound represented by
formula (1-4), in accordance with the purpose of use of the
resin.

[0181] The weight-average molecular weight of the pol-
yarylene sulfide resin represented by formula (1-1) is pref-
erably in a range of 8000 or higher, more preferably in a
range of 9000 or higher, even more preferably in a range of
10000 or higher, and particularly preferably in a range of
11000 or higher. By virtue of the weight-average molecular
weight being in such a range, the polyarylene sulfide resin
exerts more excellent heat resistance and mechanical prop-
erties. Weight-average molecular weight refers to a value
measured using gel permeation chromatography. Measure-
ment conditions for gel permeation chromatography are the
same measurement conditions as in Examples herein. How-
ever, the measurement conditions may be appropriately
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changed in a manner such that the change does not have
substantial influence on measurements of weight-average
molecular weight.

[0182] The glass transition temperature of the polyarylene
sulfide resin represented by formula (1-1) is preferably in a
range of 70 to 200° C., and more preferably in a range of 80
to 170° C. The glass transition temperature of a resin refers
to a value measured using a DSC instrument.

[0183] The melting point of the polyarylene sulfide resin
represented by formula (1-1) is preferably in a range of 100
to 400° C., and more preferably 150 to 370° C. The melting
point of a resin refers to a value measured using a DSC
instrument.

[0184] On the other hand, the polyarylene sulfide resin
obtained by the production method according to one
embodiment with the poly(arylene sulfonium salt) obtained
in the step (b) comprises a main chain including a consti-
tutional unit represented by the following formula (2-1) and
a terminal group bonding to a terminal of the main chain and
including a particular functional group.

-1
—FS—Ar'—R23—

[0185] In formula (2-1), R?* and Ar! are as defined in the
above.
[0186] The glass transition temperature of the polyarylene

sulfide resin represented by formula (2-1) is preferably in a
range of 70 to 200° C., and more preferably in a range of 80
to 170° C. The glass transition temperature of a resin refers
to a value measured using a DSC instrument.

[0187] The melting point of the polyarylene sulfide resin
represented by formula (2-1) is preferably in a range of 100
to 400° C., and more preferably in a range of 150 to 370° C.
The melting point of a resin is a value measured using a DSC
instrument.

[0188] The terminal group including a particular func-
tional group in the polyarylene sulfide resin is preferably a
group represented by the following formula (3-1b), (3-2b),
(3-3b), (3-4b), (3-5b) or (3-6b). The polyarylene sulfide
resin having such a terminal group has good compatibility
with silane coupling agents or other resins such as epoxy
resin in production of a resin composition. The polyarylene
sulfide resin having such a terminal group can also impart,
to a member obtained from a resin composition, excellent
adhesion to a different member.

(3-1b)
— Ar?—R*—COOH

(3-2b)
COOH
N i v
\COOH
(3-3b)
/—COOH
JE— AISb —N
H
(3-4b)
_CH,COOH
— At —
Hy CH,COOH
(3-5b)
— Ar*—OH
(3-6b)
— Ar*—NH,
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[0189] In the formulas, R® represents a direct bond or an
alkylene group having 1 to 10 carbon atoms; and Ar’”
represents an aryl group.

[0190] The terminal group including a particular func-
tional group in the polyarylene sulfide group may be a group
represented by the following formula (4-1b), (4-2b), (4-3b)
or (4-4b). The polyarylene sulfide resin having such a
terminal group also has good compatibility with silane
coupling agents or other resins such as epoxy resin in
production of a resin composition. The polyarylene sulfide
resin having such a terminal group can also impart, to a
member obtained from a resin composition, excellent adhe-
sion to a different member.

(4-1b)

— A" —oH
R*—COOH
(4-2b)
— A*—OH
OH
(4-3b)
— Ar®*—NH,
OH
(4-4b)
— A —NIH,
COOH

[0191] In the formulas, R* represents a direct bond or an
alkylene group having 1 to 10 carbon atoms; and Ar®”
represents an aryl group.

[0192] The aryl group of each of Ar*® and Ar®” can include
an arylene group in which a substituent is bonding to an aryl
group.

[0193] Examples of the terminal group represented by

formula (4-1b), (4-2b), (4-3b) or (4-4b) include groups
represented by the following chemical formulas. In the
formulas, R* has the same definition as that in formulas
(4-1a) and so on.

OH

—COOH OH

OH

OH
< > R4
OH NH,
HO
LN

COOH
[0194] Uses and Applied Technologies
[0195] The polyarylene sulfide resin can be combined with

another component for utilizing as a polyarylene sulfide
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resin composition. For example, an inorganic filler can be
used as the other component, and a resin other than the
polyarylene sulfide resin selected from a thermoplastic resin,
an elastomer and a cross-linkable resin or the like can also
be used.

[0196] Examples of the inorganic filler include powdered
fillers such as carbon black, calcium carbonate, silica and
titanium oxide; platy fillers such as talk and mica; granular
fillers such as a glass bead, a silica bead and a glass balloon;
fibrous fillers such as a glass fiber, a carbon fiber and a
wollastonite fiber; and a glass flake. These inorganic fillers
can be used singly or in combinations of two or more
thereof. By formulating an inorganic filler, a composition
having a high stiffness and a high thermal stability can be
obtained. The polyarylene sulfide resin composition particu-
larly preferably contains at least one inorganic filler selected
from the group consisting of a glass fiber, a carbon fiber,
carbon black and calcium carbonate.

[0197] The content of an inorganic filler is preferably in a
range of 1 to 300 parts by mass, more preferably in a range
of'5 to 200 parts by mass, and still more preferably in a range
of 15 to 150 parts by mass based on 100 parts by mass of the
polyarylene sulfide resin. Due to the content of an inorganic
filler being within such a range, more excellent effect can be
obtained in terms of retaining the mechanical strength of a
molding.

[0198] The polyarylene sulfide resin composition may
contain a resin other than the polyarylene sulfide resin
selected from a thermoplastic resin, an elastomer and a
cross-linkable resin. These resins can also be formulated in
the resin composition together with an inorganic filler.
[0199] Examples of the thermoplastic resin to be formu-
lated in the polyarylene sulfide resin composition include
polyester, polyamide, polyimide, polyetherimide, polycar-
bonate, polyphenylene ether, polysulfone, polyether sulfone,
polyether ether ketone, polyether ketone, polyethylene,
polypropylene, polytetrafluoroethylene, polydifluoroethyl-
ene, polystyrene, ABS resins, silicone resins and liquid
crystal polymers (e.g., liquid crystal polyester). These ther-
moplastic resins can be used singly or in combinations of
two or more thereof.

[0200] The content of the thermoplastic resin is preferably
in a range of 1 to 300 parts by mass, more preferably in a
range of 3 to 100 parts by mass and still more preferably in
a range of 5 to 45 parts by mass with respect to 100 parts by
mass of the polyarylene sulfide resin. Due to the content of
the thermoplastic resin other than the polyarylene sulfide
resin being within such a range, an effect of the further
enhancement of heat resistance, chemical resistance and
mechanical properties can be obtained.

[0201] As the elastomer to be formulated in the pol-
yarylene sulfide resin composition, a thermoplastic elasto-
mer is often used. Examples of the thermoplastic elastomer
include polyolefin elastomers, fluorine-based elastomers and
silicone elastomers. In the present specification, thermoplas-
tic elastomers are classified into not the thermoplastic resin,
but an elastomer.

[0202] In the case that the polyarylene sulfide resin has a
functional group such as a carboxyl group, the elastomer (in
particular, the thermoplastic elastomer) preferably has a
functional group which can react with it. This enables to
obtain a resin composition particularly excellent in adhesion
properties, impact resistance and the like. Examples of the
functional group include an epoxy group, an amino group, a
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hydroxyl group, a carboxy group, a mercapto group, an
isocyanate group, an oxazoline group and a group repre-
sented by the formula: R(CO)YO(CO)— or R(CO)O—
(wherein R represents an alkyl group having 1 to 8 carbon
atoms). A thermoplastic elastomer having the functional
group can be obtained, for example, by copolymerization of
an a-olefin and a vinyl-polymerizable compound having the
functional group. Examples of the a-olefin include a-olefins
having 2 to 8 carbon atoms such as ethylene, propylene and
butene-1. Examples of the vinyl-polymerizable compound
having the functional group include o.,f-unsaturated carbox-
ylic acids such as (meth)acrylic acid and (meth)acrylate and
alkyl esters thereof; maleic acid, fumaric acid, itaconic acid
and other a,-unsaturated dicarboxylic acids having 4 to 10
carbon atoms and derivatives (mono- or diesters and acid
anhydrides thereof) thereof; and glycidyl (meth)acrylate.
Among them, ethylene-propylene copolymers and ethylene-
butene copolymers having at least one functional group
selected from the group consisting of an epoxy group, a
carboxy group and a group represented by the formula:
R(CO)O(CO)— or R(CO)YO— (wherein R represents an
alkyl group having 1 to 8 carbon atoms) are preferable in
terms of further enhancing the toughness and shock resis-
tance.

[0203] The content of the elastomer, which varies depend-
ing on the type or application and therefore cannot be
defined sweepingly. The content of the eclastomer is for
example, preferably in a range of 1 to 300 parts by mass,
more preferably in a range of 3 to 100 parts by mass, and still
more preferably in a range of 5 to 45 parts by mass with
respect to 100 parts by mass of the polyarylene sulfide resin.
Due to the content of the elastomer being within such a
range, an even more excellent effect can be obtained in terms
of ensuring the heat resistance and toughness of a molding.

[0204] The cross-linkable resin to be formulated in the
polyarylene sulfide resin composition has two or more
cross-linkable functional groups. Examples of the cross-
linkable functional group include an epoxy group, a pheno-
lic hydroxyl group, an amino group, an amide group, a
carboxy group, an acid anhydride group and an isocyanate
group. Examples of the cross-linkable resin include epoxy
resins, phenol resins and urethane resins.

[0205] As the epoxy resin, aromatic epoxy resins are
preferable. The aromatic epoxy resin may have a halogen
group, a hydroxyl group or the like. Examples of a suitable
aromatic epoxy resin include a bisphenol A type epoxy resin,
a bisphenol F type epoxy resin, a bisphenol S type epoxy
resin, a biphenyl type epoxy resin, a tetramethylbiphenyl
type epoxy resin, a phenol novolac type epoxy resin, a cresol
novolac type epoxy resin, a bisphenol A novolac type epoxy
resin, a triphenylmethane type epoxy resin, a tetraphenyle-
thane type epoxy resin, a dicyclopentadiene-phenol addition
reaction type epoxy resin, a phenol aralkyl type epoxy resin,
a naphthol novolac type epoxy resin, a naphthol aralkyl type
epoxy resin, a naphthol-phenol-cocondensed novolac type
epoxy resin, a naphthol-cresol-cocondensed novolac type
epoxy resin, an aromatic hydrocarbon formaldehyde resin-
modified phenol resin type epoxy resin and biphenyl
novolac type epoxy resin. These aromatic epoxy resins can
be used singly or in combinations of two or more thereof.
Among these aromatic epoXy resins, a novolac type epoxy
resin is preferable, and a cresol novolac type epoxy resin is
more preferable in terms of an excellent compatibility with
other resin components in particular.
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[0206] The content of the cross-linkable resin is preferably
in a range of 1 to 300 parts by mass, more preferably 3 to
100 parts by mass, and still more preferably 5 to 30 parts by
mass with respect to 100 parts by mass of the polyarylene
sulfide resin. Due to the content of the cross-linkable resin
being within such a range, an effect of enhancing the
stiffness and heat resistance of a molding can be obtained
much more significantly.

[0207] The polyarylene sulfide resin composition can con-
tain a silane compound having a functional group. Examples
of the silane compound include silane coupling agents such
as y-glycidoxypropyltrimethoxysilane, y-glycidoxypropyl-
triethoxysilane, -(3,4-epoxycyclohexyl)ethyltrimethoxysi-
lane, y-glycidoxypropylmethyldiethoxysilane, and y-glyci-
doxypropylmethyldimethoxysilane.

[0208] The content of the silane compound is, for
example, in a range of 0.01 to 10 parts by mass, and
preferably in a range of 0.1 to 5 parts by mass with respect
to 100 parts by mass of the polyarylene sulfide resin. Due to
the content of the silane compound being within such a
range, an effect of further enhancing the compatibility of the
polyarylene sulfide resin with other components can be
obtained.

[0209] The polyarylene sulfide resin composition may
contain other additives such as a release agent, a colorant, a
thermal stabilizer, an ultraviolet stabilizer, a foaming agent,
a rust inhibitor, a flame retardant and a lubricant. The content
of the additive is, for example, in a range of 1 to 10 parts by
mass with respect to 100 parts by mass of the polyarylene
sulfide resin.

[0210] The polyarylene sulfide resin composition can be
obtained in a form of a pelletized compound or the like by
using a method in which the polyarylene sulfide resin (a
reaction product of melt polymerization) and other compo-
nents are melt-kneaded. The temperature in melt-kneading
is, for example, in a range of 250 to 350° C. The duration in
melt-kneading is, for example, 5 to 30 seconds. Melt-
kneading can be carried out with a twin-screw extruder or
the like.

[0211] The polyarylene sulfide resin composition can be
processed, alone or in combination with other materials, into
a molding excellent in heat resistance, molding processabil-
ity, dimensional stability or the like by various melt pro-
cessing methods such as injection molding, extrusion mold-
ing, compression molding and blow molding. The
polyarylene sulfide resin obtained by the manufacturing
method according to the present embodiment or a resin
composition containing it enables to produce a high-quality
molding easily because the generation of gas in heating is
small.

[0212] The polyarylene sulfide resin obtained by the pro-
duction method according to any of the present embodi-
ments or a resin composition containing the resin possesses
various performances such as heat resistance and dimen-
sional stability, which the polyarylene sulfide resin has by
nature. Therefore, the polyarylene sulfide resin or a resin
composition containing the resin is widely useful for mate-
rials for various molding such as injection molding or
compression molding for electric/electronic parts such as a
connector, a printed substrate and a sealed molding, auto-
motive parts such as a lamp reflector and various electrical
component parts, interior decoration materials for various
buildings, an airplane, an automobile and the like or preci-
sion parts such OA equipment parts, camera parts and clock
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parts, extrusion molding for a composite, a sheet, a pipe or
the like, or pultrusion molding; or materials for a fiber or a
film, for example.

EXAMPLES

[0213] Hereinafter, the present invention will be described
more specifically by exemplifying Examples. However the
present invention is never limited to these Examples.
[0214] 1. Evaluation method

1-1. Identification Method (NMRs)

[0215] With DPX-400 instrument manufactured by
Bruker Corporation, NMR measurements were performed
for samples containing each compound dissolved in various
deuterated solvents.

1-2. Identification Method (GC-MS)

[0216] With GCMS-QP2010 manufactured by Shimadzu
Corporation, the molecular weight of each compound was
measured.

1-3. Melting Point

[0217] Measurements were performed from 40 to 350° C.
under a nitrogen flow of 50 ml./min under temperature
elevation conditions of 20° C./min to determine melting
points with the DSC instrument Pyris Diamond manufac-
tured by PerkinElmer Co., Ltd. For resins obtained in
Examples 34, 35 and 36, and Reference Example 2, mea-
surements were performed from 40 to 400° C. under a
nitrogen flow of 50 ml/min under temperature elevation
conditions of 20° C./min to determine melting points.

1-4. Weight-Average Molecular Weight

[0218] With the high-temperature gel permeation chro-
matograph (GPC) SSC-7000 manufactured by Senshu Sci-
entific co., Itd., the weight-average molecular weight was
measured. The average molecular weight was calculated in
terms of standard polystyrene.

[0219] Solvent: 1-chloronaphthalene
[0220] Inlet: 250° C.

[0221] Temperature: 210° C.

[0222] Detector: UV detector (360 nm)
[0223] Sample concentration: 1 g/L.
[0224] Flow rate: 0.7 mL/min

1-5. Determination of Infrared Absorption Spectrum

[0225] With “FT/IR-6100” manufactured by JASCO Cor-
poration, the infrared absorption spectrum was measured. A
resin synthesized was heated to melt on a hot plate at 330°
C., and immediately cooled to produce an amorphous film,
which was used as a measurement sample. For resins
obtained in Examples 34, 35 and 36, and Reference Example
2, a resin synthesized was heated to melt on a hot plate at
400° C., and immediately cooled to produce an amorphous
film, which was used as a measurement sample.

1-6. Viscosity Measurement (V6)

[0226] Using a flow tester (CFT-500C manufactured by
Shimadzu Corporation) with an orifice having a ratio of the
orifice length to the orifice diameter (orifice length/orifice
diameter) of 10/1 at a temperature of 300° C. and a load of
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1.96 MPa, the melt viscosity after 6 minutes of retention
(hereinafter, referred to as melt viscosity (V6)) was mea-
sured.

1-7. Melt Stability

[0227] To evaluate thermal stability in processing, the
melt viscosity after 30 minutes of retention at 300° C.
(hereinafter, referred to as melt viscosity (V30)) was mea-
sured and the presence or absence of gelling was measured
by using a flow tester (CFT-500C manufactured by Shi-
madzu Corporation) with an orifice having a ratio of the
orifice length to the orifice diameter (orifice length/orifice
diameter) of 10/1 at a load of 1.96 MPa.

1-8. Evaluation of Reactivity

[0228] Using a flow tester (CFT-500C manufactured by
Shimadzu Corporation) with an orifice having a ratio of the
orifice length to the orifice diameter (orifice length/orifice
diameter) of 10/1 at a temperature of 300° C. and a load of
1.96 MPa, the melt viscosity after 15 minutes of retention of
a poly(p-phenylene sulfide) resin (hereinafter, referred to as
“melt viscosity (V15)”) was measured (hereinafter, referred
to as “melt viscosity (V15) before addition” or “melt vis-
cosity (V15) of PPS resin without epoxy resin”).

[0229] Subsequently, 3 parts by mass of a cresol novolac
type epoxy resin (N-695P manufactured by DIC Corpora-
tion) was blended in 100 parts by mass of a poly(p-
phenylene sulfide) resin, and they were homogeneously
mixed together. Thereafter, the melt viscosity (V15) was
measured using a flow tester (CFT-500C manufactured by
Shimadzu Corporation) under the same conditions as in the
above (hereinafter, referred to as “melt viscosity (V15) after
addition” or “melt viscosity (V15) of PPS resin with epoxy
resin”).

[0230] From the ratio of (melt viscosity (V15) after addi-
tion)/(melt viscosity (V15) before addition), the viscosity
increase rate was calculated as a factor. A higher viscosity
increase rate indicates higher reactivity to epoxy resin and
thus being excellent.

[0231] 2. Synthesis of Monomer

[0232] In Examples shown hereinafter, the following
reagents were used.

methyl phenyl sulfoxide: Wako Pure Chemical Industries,
Ltd.

thioanisole: Wako Pure Chemical Industries, Ltd., purity
99%

methanesulfonic acid: Wako Pure Chemical Industries, Ltd.,
Wako special grade

60% perchloric acid: Wako Pure Chemical Industries, Ltd.,
JIS special grade

pyridine: Wako Pure Chemical Industries, Ltd., JIS special
grade

potassium hydrogen carbonate: Wako Pure Chemical Indus-
tries, Ltd., JIS special grade

bromine: Wako Pure Chemical Industries, Ltd., JIS special
grade

bis[4-(methylthio)phenyl] sulfide: manufactured by Sigma-
Aldrich Co., LLC., product number S203815-25MG

nitric acid (1.38): manufactured by Wako Pure Chemical
Industries, [td., JIS special grade, content 60 to 61%,
density 1.38 g/mL

phosphorus oxide (V) (diphosphorus pentoxide): Wako Pure
Chemical Industries, [Ltd., Wako special grade
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N-methyl-2-pyrrolidone (NMP): KANTO CHEMICAL
CO., INC.,, special grade

benzoic acid: Tokyo Chemical Industry Co., Ltd.
phenylpropionic acid: Tokyo Chemical Industry Co., Ltd.,
purity >98%

phenylhexanoic acid: Tokyo Chemical Industry Co., Ltd.,
purity >98%

phenylisobutyric acid: Tokyo Chemical Industry Co., Ltd.,
purity >98%

phenylmalonic acid: Tokyo Chemical Industry Co., Ltd.,
purity >98%

phenol: Tokyo Chemical Industry Co., Ltd., purity >98%
N-phenylglycine: Tokyo Chemical Industry Co., Ltd., purity
>98%

N-benzyliminodiacetic acid: Tokyo Chemical Industry Co.,
Ltd., purity >98%

aniline: Tokyo Chemical Industry Co., Ltd., purity >98%
diphenyl sulfide: manufactured by Wako Pure Chemical
Industries, Ltd., Wako special grade

diphenyl ether: manufactured by Wako Pure Chemical
Industries, Ltd., Wako special grade

sodium hydroxide: Kanto Chemical Industry Co., Ltd.,
special grade

Synthesis Example 1

Synthesis of methylphenyl[4-(methylthio)phenyl]
sulfonium Perchlorate

[0233]

MsOH
) )
(@]

CH;

O i} O o
MsO-
CH,
| HCIO,
g SCH; ——»
MsO-

N
Q N o
Cloy

[0234] In a three-necked flask were placed 100 parts by
mass of methyl phenyl sulfoxide and 120 parts by mass of
thioanisole, and cooled to 5° C. or less in an ice bath under
anitrogen atmosphere. While keeping the temperature at 10°
C. or less, 2000 parts by mass of methanesulfonic acid was
added to the reaction solution, and thereafter the ice bath
was removed followed by raising the temperature to a room
temperature and stirring for 20 hours. Then, the reaction
solution was placed into 2000 parts by mass of 60% aqueous
solution of perchloric acid and stirred for 1 hour. Thereto,
1000 parts by mass of water and 1000 parts by mass of
dichloromethane were added, and the organic layer was
recovered by an extraction/separation process. A process of
adding 500 parts by mass of dichloromethane to the aqueous
layer, and recovering the organic layer, was carried out
twice. To the recovered organic layer was added anhydrous
magnesium sulfate for dehydration, and filtration was per-
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formed to separate the solution, from which the solvent was
removed with a rotary evaporator. Thereafter, an ether was
added to the remaining solid to recrystallize, and the solid
was filtered out by filtration and dried under a reduced
pressure for 20 hours to afford methylphenyl[4-(methylthio)
phenyl]sulfonium perchlorate at a yield of 75%. The result
of 'H-NMR confirmed that the product was formed.

[0235] 'H-NMR (solvent, CDCl,): 2.49, 3.63, 7.40, 7.65,
7.78, 7.85 [ppm]

Synthesis Example 2

Synthesis of Methyl 4-(phenylthio)phenyl Sulfide

[0236]

N,

A
CH; |
I e
S* scH; —
cloy

[0237] In a three-necked flask was placed 100 parts by
mass of methylphenyl[4-(methylthio)phenyl|sulfonium per-
chlorate, and 500 parts by mass of pyridine was added under
a nitrogen atmosphere followed by stirring for 30 minutes.
Thereafter, the temperature of the reaction solution was
raised to 100° C. followed by stirring for 30 minutes. The
reaction solution was placed into 3000 parts by mass of 10%
HCI solution and stirred for 10 minutes. Then, the organic
layer was recovered from the reaction solution by an extrac-
tion/separation process with dichloromethane. To the
organic layer was added anhydrous magnesium sulfate for
dehydration, and filtration was performed to separate the
solution, from which the solvent was removed with a rotary
evaporator. The residue was subjected to column chroma-
tography with hexane/chloroform=3/1 as the developing
solvent to separate the targeted product. From the solution
containing the separated targeted product, the solvent was
removed with a rotary evaporator, and the resultant was then
dried under a reduced pressure for 20 hours to afford methyl
4-(phenylthio)phenyl sulfide at a yield of 83%. The result of
'H-NMR confirmed that the product was formed.

[0238] 'H-NMR (solvent, CDCL,): 2.48, 7.18-7.23, 7.28-
7.31 [ppm]
Synthesis Example 3

Synthesis of Methyl 4-(phenylthio)phenyl Sulfoxide

[0239]

Br2
S SCH; ——
3 KHCO;
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-continued

[0240] In a three-necked flask were placed 100 parts by
mass of methyl 4-(phenylthio)phenyl sulfide, 86 parts by
mass of potassium hydrogen carbonate, 800 parts by mass of
water and 1000 parts by mass of dichloromethane, and
stirred for 30 minutes. A solution in which 69 parts by mass
of bromine had been dissolved in 1000 parts by mass of
dichloromethane was added dropwise into the reaction ves-
sel over 5 minutes followed by stirring for 30 minutes. Into
the reaction solution were placed 1 liter of a saturated KCl
solution and 1 liter of dichloromethane, and the organic
layer was recovered by an extraction/separation process. A
process of adding 1000 parts by mass of dichloromethane to
the residual aqueous layer and recovering the organic layer,
was carried out twice. The recovered organic layer was
subjected to washing with water/separation, and anhydrous
magnesium sulfate was added thereto for dehydration, and
filtration was performed to separate the solution, from which
the solvent was removed with a rotary evaporator. An ether
was added to the remaining solid to recrystallize, and the
solid was filtered out by filtration and dried under a reduced
pressure for 20 hours to afford methyl 4-(phenylthio)phenyl
sulfoxide at a yield of 57%. The results of 'H-NMR and
13C.NMR confirmed that the product was formed.

[0241] 'H-NMR (solvent, CDCl,): 2.71, 7.34, 7.39, 7.46,
7.52 [ppm]
[0242] ')C-NMR (solvent, CDCl,): 46.0, 124.5, 128.5,

129.7, 133.0, 133.5, 141.5, 144.3 [ppm]
Synthesis Example 4

Synthesis of bis[4-(methylsulfinyl)phenyl] sulfide
[0243]

HNO;
H;CS s SCH; ——»=
0

|
(6]

[0244] Into a three-necked flask were added 100 parts by
mass of bis[4-(methylthio)phenyl] sulfide and 2500 parts by
mass of dichloromethane and dissolved together, and cooled
in an ice bath. To the reaction solution, 20 parts by mass of
nitric acid (1.38) was gradually added dropwise, and the
reaction solution was stirred at a room temperature for 72
hours. The reaction solution was neutralized with an aque-
ous solution of potassium carbonate, and subjected to an
extraction/separation process with dichloromethane to
recover the organic layer. The organic layer was dehydrated
with anhydrous magnesium sulfate. The dehydrated organic
layer was subjected to filtration, and the solvent was
removed from the filtrate with a rotary evaporator, and the
resultant was dried under a reduced pressure to afford a
crude product. The crude product was subjected to column
chromatography with ethyl acetate as the developing solvent
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to separate the targeted product. The solvent was removed
from the solution containing the separated targeted product
with a rotary evaporator, and the resultant was then dried
under a reduced pressure to afford bis[4-(methylsulfinyl)
phenyl] sulfide at a yield of 30%. As a result of 'H-NMR
measurement, it was confirmed that the targeted product was
obtained.

[0245] 'H-NMR (solvent, CDCl,): 2.75, 7.49, 7.61 [ppm]
[0246] 3. Synthesis of Terminal-Modified Polysulfonium
Salt and PAS Resin

Example 1
[0247]

OO

[0248] In a separable flask were placed 100 parts by mass
of methyl 4-(phenylthio)phenyl sulfoxide and 3 parts by
mass of benzoic acid, and 800 parts by mass of methane-
sulfonic acid and 70 parts by mass of diphosphorus pentox-
ide were further added thereto with cooling to 10° C. or less,
and the resultant was stirred for 20 hours. The reaction
solution was placed into 10000 parts by mass of acetone, and
a solid precipitated was collected through filtration and
washed with 600 parts by mass of acetone twice. The
resulting solid was dried under a reduced pressure to afford
poly[methyl(4-phenylthiophenyl)sulfonium  methanesul-
fonate] at a yield of 98%. The results of 'H-NMR and
13C-NMR confirmed that the produce was formed.

MsOH

Termmal Modifier

[0249] 'H-NMR (solvent, DMSO-d): 3.77, 7.59, 8.03
[ppm]
[0250] '*C-NMR (solvent, DMSO-dy): 27.1,127.1, 131.7,
132.9, 140.8 [ppm]

Example 2
[0251]

CH3
: : NMP

[0252] Into an eggplant flask were added 100 parts by

mass of poly[methyl(4-phenylthiophenyl)sulfonium meth-
anesulfonate] and 800 parts by mass of N-methyl-2-pyrroli-
done, and dissolved together. This was stirred at 70° C. for
8 hours, and a solid precipitated was collected through
filtration. The resulting solid was charged into an autoclave,
and 800 parts by mass of N-methyl-2-pyrrolidone was added
thereto, and the resultant was stirred at 230° C. for 1 hour.
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The solid was collected through filtration, and the solid
collected was washed with 1000 parts by mass of water at
70° C. twice. The solid collected was dried at 120° C. for 4
hours to afford the targeted poly(p-phenylene sulfide) at a
yield of 58%.

[0253] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
C—O stretching vibration of a carboxy group was present at
a position of 1681 cm™ as shown in FIG. 1.

Example 3

[0254] The same operations as in Example 1 were per-
formed except that 3 parts by mass of phenylpropionic acid
was used in place of benzoic acid to afford poly[methyl(4-
phenylthiophenyl)sulfonium methanesulfonate] at a yield of
97%. Thereafter, the same operations as in Example 2 were
performed to afford poly(p-phenylene sulfide) at a yield of
72%.

[0255] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
C—O stretching vibration of a carboxy group was present at
a position of 1708 cm™ as shown in FIG. 2.

Example 4

[0256] The same operations as in Example 1 were per-
formed except that 4 parts by mass of phenylhexanoic acid
was used in place of benzoic acid to afford poly[methyl(4-
phenylthiophenyl)sulfonium methanesulfonate] at a yield of
100%. Thereafter, the same operations as in Example 2 were
performed to afford poly(p-phenylene sulfide) at a yield of
50%.

[0257] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
C—O stretching vibration of a carboxy group was present at
a position of 1706 cm™ as shown in FIG. 3.

Example 5

[0258] The same operations as in Example 1 were per-
formed except that 3 parts by mass of phenylisobutyric acid
was used in place of benzoic acid to afford poly[methyl(4-
phenylthiophenyl)sulfonium methanesulfonate] at a yield of
100%. Thereafter, the same operations as in Example 2 were
performed to afford poly(p-phenylene sulfide) at a yield of
51%.

[0259] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
C—O stretching vibration of a carboxy group was present at
a position of 1695 cm™ as shown in FIG. 4.

Example 6

[0260] The same operations as in Example 1 were per-
formed except that 4 parts by mass of phenylmalonic acid
was used in place of benzoic acid to afford poly[methyl(4-
phenylthiophenyl)sulfonium methanesulfonate] at a yield of
99%. Thereafter, the same operations as in Example 2 were
performed to afford poly(p-phenylene sulfide) at a yield of
47%.

[0261] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
C—O stretching vibration of a carboxy group was present at
a position of 1687 cm™ as shown in FIG. 5.
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Example 7

[0262] The same operations as in Example 1 were per-
formed except that 2 parts by mass of phenol was used in
place of benzoic acid to afford poly[methyl(4-phenylthio-
phenyl)sulfonium methanesulfonate] at a yield of 100%.
Thereafter, the same operations as in Example 2 were
performed to afford poly(p-phenylene sulfide) at a yield of
47%.

[0263] The infrared absorption spectrum was measured,
and it was found that absorption peaks for the free O—H
stretching vibration of a hydroxy group were present at
positions of 3551 ecm™ and 3500 to 3300 cm™" as shown in
FIG. 6.

Example 8

[0264] The same operations as in Example 1 were per-
formed except that 3 parts by mass of N-phenylglycine was
used in place of benzoic acid to afford poly[methyl(4-
phenylthiophenyl)sulfonium methanesulfonate] at a yield of
100%. Thereafter, the same operations as in Example 2 were
performed to afford poly(p-phenylene sulfide) at a yield of
48%.

[0265] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
N—H stretching vibration of an amino group was present at
a position 0£ 3379 cm™ as shown in FIG. 7, and it was found
that an absorption peak derived from the C—O stretching
vibration of a carboxy group was present at a position of
1692 cm™! as shown in FIG. 8.

Example 9

[0266] The same operations as in Example 1 were per-
formed except that 4 parts by mass of N-benzyliminodi-
acetic acid was used in place of benzoic acid to afford
poly[methyl(4-phenylthiophenyl)sulfonium  methanesul-
fonate] at a yield of 98%. Thereafter, the same operations as
in Example 2 were performed to afford poly(p-phenylene
sulfide) at a yield of 51%.

[0267] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
C—0O stretching vibration of a carboxy group was present at
a position of 1695 cm™! as shown in FIG. 9.

Example 10

[0268] The same operations as in Example 1 were per-
formed except that 2 parts by mass of aniline was used in
place of benzoic acid to afford poly[methyl(4-phenylthio-
phenyl)sulfonium methanesulfonate] at a yield of 100%.
Thereafter, the same operations as in Example 2 were
performed to afford poly(p-phenylene sulfide) at a yield of
48%.

[0269] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
N—H stretching vibration of an amino group was present at
a position of 3365 cm™! as shown in FIG. 10.

Reference Example 1

[0270] Synthesis of PAS Resin without Terminal Modifi-
cation
[0271] Into a separable flask were added 100 parts by mass

of methyl 4-(phenylthio)phenyl sulfoxide, 800 parts by mass
of methanesulfonic acid and 70 parts by mass of diphos-
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phorus pentoxide, with cooling to 10° C. or less, and the
resultant was stirred for 20 hours. The reaction solution was
placed into 10000 parts by mass of acetone, and a solid
precipitated was collected and washed with 600 parts by
mass of acetone twice. The resulting solid was dried under
a reduced pressure to afford poly[methyl(4-phenylthiophe-
nyl)sulfonium methanesulfonate] at a yield of 99%.

[0272] Into an eggplant flask were added 100 parts by
mass of poly[methyl(4-phenylthiophenyl)sulfonium meth-
anesulfonate] and 800 parts by mass of N-methyl-2-pyrroli-
done, and dissolved together. This was stirred at 70° C. for
8 hours, and a solid precipitated was collected through
filtration. The resulting solid was charged into an autoclave,
and 800 parts by mass of N-methyl-2-pyrrolidone was added
thereto, and the resultant was stirred at 230° C. for 1 hour.
The solid was collected through filtration, and the solid
collected was washed with 1000 parts by mass of water at
70° C. twice. The solid washed was dried at 120° C. for 4
hours to afford the targeted poly(p-phenylene sulfide) at a
yield of 72%.

[0273] The infrared absorption spectrum was measured,
and it was found that no clear absorption peak was present
in a range of 1670 to 1720 cm™! as shown in FIG. 11 and in
a range of 3250 to 3650 cm™" as shown in FIG. 12. Thus, it
was confirmed that the targeted compound did not have any
of a hydroxy group, an amino group and a carboxy group.

[0274] Table 1 shows the results of measurements of the
properties of the resins prepared in Examples 2 to 6. Table
2 shows the results of measurements of the properties of the
resins prepared in Examples 7 to 10 and Reference Example
1.

TABLE 1
Example
2 3 4 5 6
GPC Mw [-] 22,000 25,000 20,000 66,000 14,000
DsC Tg [°C] 97 100 88 95 89
Tm 269 274 272 269 275
Melt [Pa - s] 20 23 15 112 10
viscosity
(Vé)
TABLE 2
Reference
Example Example
7 8 9 10 1
GPC Mw [-] 14,000 15,000 85000 36,000 53,000
DSC Tg [ C] 87 91 98 97 99
Tm 277 274 261 264 260
Melt [Pa - s] 9 9 155 45 2,300
viscosity
(Vé)
Example 11
[0275] The same operations as in Example 1 were per-

formed except that 0.03 parts by mass of phenylpropionic
acid was used in place of benzoic acid to afford poly[methyl
(4-phenylthiophenyl)sulfonium methanesulfonate] at a yield
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of 99%. Thereafter, the same operations as in Example 2
were performed to afford poly(p-phenylene sulfide) at a
yield of 83%.

[0276] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
C—0O stretching vibration of a carboxy group was present at
a position of 1706 cm™! as shown in FIG. 13.

Example 12

[0277] The same operations as in Example 1 were per-
formed except that 300 parts by mass of phenylpropionic
acid was used in place of benzoic acid to afford poly[methyl
(4-phenylthiophenyl)sulfonium methanesulfonate] at a yield
of 95%. Thereafter, the same operations as in Example 2
were performed to afford poly(p-phenylene sulfide) at a
yield of 45%.

[0278] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
C—0O stretching vibration of a carboxy group was present at
a position of 1708 cm™! as shown in FIG. 14.

Example 13

[0279] The same operations as in Example 1 were per-
formed except that polymerization was performed without
addition of benzoic acid for 20 hours followed by adding 3
parts by mass of phenylpropionic acid, and then polymer-
ization was further performed for 10 hours to afford poly
[methyl(4-phenylthiophenyl)sulfonium methanesulfonate]
at a yield of 100%. Thereafter, the same operations as in
Example 2 were performed to afford poly(p-phenylene sul-
fide) at a yield of 68%.

[0280] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
C—0O stretching vibration of a carboxy group was present at
a position of 1707 cm™! as shown in FIG. 15.

[0281] Table 3 shows the results of measurements of the
properties of the resins prepared in Examples 11 to 13.

TABLE 3

Example

11 12 13

GPC Mw [—] 40,000 7,000 35,000
DSC Tg [°C] 95 89 98

Tm 269 276 268
Melt viscosity (V6) [Pa - s] 113 12 120

(6] (6]
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Example 14
[0282]

A AT
(6] (6]
MSOH, P205
S
: CH

S —< >— St —

MsO™ |,
: : —COOH

S

4n

[0283] In a separable flask was placed 100 parts by mass
of bis[4-(methylsulfinyl)phenyl] sulfide, and 60 parts by
mass of diphenyl sulfide, 100 parts by mass of diphosphorus
pentoxide and 2.5 parts by mass of phenylpropionic acid
were added thereto under a nitrogen atmosphere. After the
reaction solution was cooled in an ice bath, 750 parts by
mass of methanesulfonic acid was slowly added dropwise.
Thereafter, the temperature of the reaction solution was
raised to a room temperature, and the reaction solution was
stirred for 20 hours. The reaction solution was placed into
10000 parts by mass of acetone, and a solid precipitated was
collected through filtration, and washed with 600 parts by
mass of acetone twice. The resulting solid was dried under
a reduced pressure to afford poly[methyl(4-phenylthiophe-
nyl)sulfonium methanesulfonate] at a yield of 99%. There-
after, the same operations as in Example 2 were performed
to afford poly(p-phenylene sulfide) at a yield of 48%.
[0284] The weight-average molecular weight of the
obtained resin was measured to be 22000. The result of a
thermal analysis showed that the glass transition temperature
(Tg) was 92° C., the melting point was 275° C., and the melt
viscosity was 10 Pa-s. The infrared absorption spectrum was
measured, and it was found that an absorption peak derived
from the C—0O stretching vibration of a carboxy group was
present at a position of 1707 cm™ as shown in FIG. 16.

Example 15
[0285]

MsOH, P,0s

c, CH; coon
| | NMP
0 s+ S S LN
MsO- MsO~
n
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-continued

OO0

[0286] Into a separable flask was added 100 parts by mass
of bis[4-(methylsulfinyl)phenyl] sulfide, and 50 parts by
mass of diphenyl ether, 100 parts by mass of diphosphorus
pentoxide and 2.5 parts by mass of phenylpropionic acid
were further added thereto under a nitrogen atmosphere.
After the reaction solution was cooled in an ice bath, 750
parts by mass of methanesulfonic acid was slowly added
dropwise. The temperature of the reaction solution was
raised to a room temperature, and the reaction solution was
stirred for 20 hours. The reaction solution was placed into
10000 parts by mass of acetone, and a solid precipitated was
collected through filtration, and washed with 600 parts by
mass of acetone twice. The resulting solid was dried under
a reduced pressure to afford poly[methyl(4-phenyloxyphe-
nyl)sulfonium-4'-methyl(4-phenylthiophen  yl)sulfonium
methanesulfonate] at a yield of 100%. Thereafter, the same
operations as in Example 2 were performed to afford poly
[(phenylene ether)-(phenylene sulfide)] at a yield of 46%.
[0287] The weight-average molecular weight of the
obtained resin was measured to be 8000. The result of a
thermal analysis showed that the glass transition temperature
(Tg) was 95° C., and the melting point was 229° C. The
infrared absorption spectrum was measured, and it was
found that an absorption peak derived from the C—O
stretching vibration of a carboxy group was present at a
position of 1708 cm™ as shown in FIG. 17.

Example 16

[0288] The same operations as Example 3 were performed
until just before drying at 120° C. to obtain a slurry, and to
100 parts by mass of the slurry 1000 parts by mass of warm
water and sodium hydroxide were added to adjust the pH to
8.0, and thus the carboxy group at the terminal was ion-
exchanged to convert into sodium carboxylate. Thereafter,
the reaction solution was stirred for 1 hour, and a solid
precipitated was filtered out, and the separated solid was
washed with 1000 parts by mass of warm water. This solid
was again placed in 1000 parts by mass of warm water,
which was stirred for 1 hour, and the solid was filtered out,
and then washed with 1000 parts by mass of warm water.
This operation was repeated twice. Thereafter, the washed
solid was dried at 120° C. for 4 hours to afford poly(p-
phenylene sulfide).

[0289] The infrared absorption spectrum was measured,
and an absorption peak derived from a carboxy group at a
position of 1708 cm™ was found before the base treatment
process as shown in FIG. 18 but reduction in the peak
strength was found after the base treatment process as shown
in FIG. 19, which confirmed that the carboxy group at the
terminal had been converted into sodium carboxylate. The
melt viscosity was 27 Pas.

Example 17

[0290] For poly(p-phenylene sulfide) obtained in each of
Example 3 and Reference Example 1, the melt stability was
tested. The results are shown in Table 4.
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TABLE 4
Reference
Example 3 Example 1
Melt viscosity (V30)  [Pa - s] 29 unmeasurable
Gelling presence/absence absence presence
Example 18
[0291] The reactivity of the PPS resin obtained in

Example 3 was evaluated, and it was found that the melt
viscosity (V15) of the PPS resin with epoxy resin was 100
Pas, the viscosity being 4 times higher than the melt
viscosity (V15) of the PPS resin without epoxy resin. The
reactivity of the PPS resin obtained in Example 16 was
evaluated in the same manner, and it was found that the melt
viscosity (V15) of the PPS resin with epoxy resin was 108
Pas, the viscosity being 4 times higher than the melt
viscosity (V15) of the PPS resin without epoxy resin.

Example 19

[0292]

MsOH
S SCHy —m/mm
” Terminal Modifier
(0]
R,
I
S S* R,
MsO~
n

[0293] Into a separable flask were added 100 parts by mass
of methyl 4-(phenylthio)phenyl sulfoxide and 3 parts by
mass of salicylic acid, and 800 parts by mass of methane-
sulfonic acid and 70 parts by mass of diphosphorus pentox-
ide were further added thereto with cooling to 10° C. or less,
and the resultant was stirred for 20 hours. The reaction
solution was placed into 10000 parts by mass of acetone, and
a solid precipitated was collected through filtration and
washed with 600 parts by mass of acetone twice. The
resulting solid was dried under a reduced pressure to afford
poly[methyl(4-phenylthiophenyl)sulfonium  methanesul-
fonate] at a yield of 98%. The results of 'H-NMR and
13C.NMR confirmed that the product was formed.

[0294] 'H-NMR (solvent, DMSO-d,): 3.77, 7.59, 8.03
[ppm]
[0295] '*C-NMR (solvent, DMSO-d4): 27.1, 127.1, 131.7,

132.9, 140.8 [ppm]
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Example 20
[0296]

CH;
| NMP
s St R —
MsO~
n
* >—s]—< >—R
2n

[0297] Into an eggplant flask were added 100 parts by
mass of poly[methyl(4-phenylthiophenyl)sulfonium meth-
anesulfonate] and 800 parts by mass of N-methyl-2-pyrroli-
done, and dissolved together. This was stirred at 70° C. for
8 hours, and a solid precipitated was collected through
filtration. The resulting solid was charged into an autoclave,
and 800 parts by mass of N-methyl-2-pyrrolidone was added
thereto, and the resultant was stirred at 230° C. for 1 hour.
The reaction solution was filtrated to collect the solid, and
the solid was washed with 1000 parts by mass of water at
70° C. twice. The solid collected was dried at 120° C. for 4
hours to afford the targeted poly(p-phenylene sulfide) at a
yield of 58%.

[0298] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
free O—H stretching vibration of a hydroxy group was
present at a position of 3552 cm™! as shown in FIG. 20, and
an absorption peak derived from the C—O stretching vibra-
tion of a carboxy group was present at a position of 1687
cm™' as shown in FIG. 21.

Example 21

[0299] The same operations as in Example 19 were per-
formed except that 3 parts by mass of 2-hydroxypheny-
lacetic acid was used in place of salicylic acid to afford
poly[methyl(4-phenylthiophenyl)sulfonium  methanesul-
fonate] at a yield of 97%. Thereafter, the same operations as
in Example 20 were performed to afford poly(p-phenylene
sulfide) at a yield of 72%.

[0300] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
free O—H stretching vibration of a hydroxy group was
present at a position of 3555 cm™! as shown in FIG. 22, and
an absorption peak derived from the C—O stretching vibra-
tion of a carboxy group was present at a position of 1690
cm™" as shown in FIG. 23.

Example 22

[0301] The same operations as in Example 19 were per-
formed except that 2 parts by mass of hydroquinone was
used in place of salicylic acid to afford poly[methyl(4-
phenylthiophenyl)sulfonium methanesulfonate] at a yield of
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97%. Thereafter, the same operations as in Example 20 were
performed to afford poly(p-phenylene sulfide) at a yield of
72%.

[0302] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
free O—H stretching vibration of a hydroxy group was
present at a position of 3555 cm™! as shown in FIG. 24.

Example 23

[0303] The same operations as in Example 19 were per-
formed except that 2 parts by mass of catechol was used in
place of salicylic acid to afford poly[methyl(4-phenylthio-
phenyl)sulfonium methanesulfonate] at a yield of 97%.
Thereafter, the same operations as in Example 20 were
performed to afford poly(p-phenylene sulfide) at a yield of
72%.

[0304] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
free O—H stretching vibration of a hydroxy group was
present at a position of 3524 cm™! as shown in FIG. 25.

Example 24

[0305] The same operations as in Example 19 were per-
formed except that 2 parts by mass of aminophenol was used
in place of salicylic acid to afford poly[methyl(4-phenylth-
iophenyl)sulfonium methanesulfonate] at a yield of 97%.
Thereafter, the same operations as in Example 20 were
performed to afford poly(p-phenylene sulfide) at a yield of
72%.

[0306] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
free O—H stretching vibration of a hydroxy group was
present at a position of 3555 cm™! as shown in FIG. 26, and
absorption peaks derived from the N—H stretching vibra-
tion of an amino group were present at positions of 3433
em™ and 3377 cm™! as shown in FIG. 27.

Example 25

[0307] The same operations as in Example 19 were per-
formed except that 3 parts by mass of 4-aminobenzoic acid
was used in place of salicylic acid to afford poly[methyl(4-
phenylthiophenyl)sulfonium methanesulfonate] at a yield of
97%. Thereafter, the same operations as in Example 20 were
performed to afford poly(p-phenylene sulfide) at a yield of
72%.

[0308] The infrared absorption spectrum was measured,
and it was found that absorption peaks derived from the
N—H stretching vibration of an amino group were present
at positions of 3433 cm™" and 3377 cm™! as shown in FIG.
28, and an absorption peak derived from the C—O stretch-
ing vibration of a carboxy group was present at a position of
1689 cm™ as shown in FIG. 29.

[0309] Table 5 shows the results of measurements of the
properties of the resins prepared in Examples 20 to 25 and
Reference Example 1.

TABLE 5

Example Ref.

20 21 22 23 24 25 Ex. 1
GPC Mw [-] 14,000 22,000 11,000 13,000 25,000 101,000 53,000
DSC Tg [°C] 38 92 81 85 91 95 99
Tm 277 273 276 277 275 260 260
Melt [Pa - s] 8 11 6 6 23 178 2,300

viscosity

(Vé)
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Example 26

[0310] The same operations as in Example 19 were per-
formed except that 0.15 parts by mass of salicylic acid was
used to afford poly[methyl(4-phenylthiophenyl)sulfonium
methanesulfonate] at a yield of 97%. Thereafter, the same
operations as in Example 20 were performed to afford
poly(p-phenylene sulfide) at a yield of 65%.

[0311] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
free O—H stretching vibration of a hydroxy group was
present at a position of 3555 cm™' as shown in FIG. 30, and
an absorption peak derived from the C—O stretching vibra-
tion of a carboxy group was present at a position of 1691
cm™' as shown in FIG. 31.

Example 27

[0312] The same operations as in Example 19 were per-
formed except that 30 parts by mass of salicylic acid was
used to afford poly[methyl(4-phenylthiophenyl)sulfonium
methanesulfonate] at a yield of 97%. Thereafter, the same
operations as in Example 20 were performed to afford
poly(p-phenylene sulfide) at a yield of 48%.

[0313] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
free O—H stretching vibration of a hydroxy group was
present at a position of 3554 cm™' as shown in FIG. 32, and
an absorption peak derived from the C—O stretching vibra-
tion of a carboxy group was present at a position of 1692
cm™' as shown in FIG. 33.

Example 28

[0314] The same operations as in Example 19 were per-
formed except that polymerization was performed without
addition of salicylic acid for 20 hours followed by adding 3
parts by mass of salicylic acid, and then polymerization was
further performed for 10 hours to afford poly[methyl(4-
phenylthiophenyl)sulfonium methanesulfonate] at a yield of
100%. Thereafter, the same operations as in Example 20
were performed to afford poly(p-phenylene sulfide) at a
yield of 58%.

[0315] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
free O—H stretching vibration of a hydroxy group was
present at a position of 3552 cm™! as shown in FIG. 34, and
an absorption peak derived from the C—O stretching vibra-
tion of a carboxy group was present at a position of 1692
cm™' as shown in FIG. 35.

[0316] Table 6 shows the results of measurements of the
properties of the resins prepared in Examples 26 to 28.
TABLE 6
Example
26 27 28
GPC Mw — 28,000 7,000 63,000
DSC Tg [ Cl] 83 93 89
Tm 277 272 275
Melt viscosity (V6) [Pa - s] 25 3 132

Example 29

[0317] The operations in Example 20 were performed
until just before drying at 120° C. to obtain a slurry, and to
100 parts by mass of the slurry 1000 parts by mass of warm
water and sodium hydroxide were added to adjust the pH to
8.0, and thus the carboxy group at the terminal was ion-
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exchanged to convert into sodium carboxylate. The reaction
solution was stirred for 1 hour, and filtered to collect a solid,
and the solid collected was washed with 1000 parts by mass
of warm water. The solid collected was again added to 1000
parts by mass of warm water, and the resultant was stirred
for 1 hour, and the solid was filtered out, and then washed
with 1000 parts by mass of warm water. This washing
operation was repeated twice. Thereafter, the washed solid
was dried at 120° C. for 4 hours to afford poly(p-phenylene
sulfide).

[0318] The infrared absorption spectrum was measured,
and an absorption peak derived from a carboxy group at a
position of 1687 cm™ was found before the base treatment
process as shown in FIG. 21. On the other hand, reduction
in the peak strength of the carboxy group absorption peak
was found after the base treatment process as shown in FIG.
36, which confirmed that the carboxy group had been
converted into sodium carboxylate. The melt viscosity was
9 Pas.

Example 30

[0319] For poly(p-phenylene sulfide) obtained in each of
Example 20 and Reference Example 1, the melt stability was
evaluated. The results are shown in Table 7.

TABLE 7
Reference
Example 20 Example 1
Melt viscosity (V30)  [Pa - s] 10 unmeasurable
Gelling presence/absence absence presence
Example 31
[0320] The reactivity of the PPS resin obtained in

Example 20 was evaluated, and it was found that the melt
viscosity (V15) of the PPS resin with epoxy resin was 69
Pas, the viscosity being 9 times higher than the melt
viscosity (V15) of the PPS resin without epoxy resin. The
reactivity of the PPS resin obtained in Example 26 was
evaluated in the same manner, and it was found that the melt
viscosity (V15) of the PPS resin with epoxy resin was 72
Pas, the viscosity being 9 times higher than the melt
viscosity (V15) of the PPS resin without epoxy resin.

Example 32
[0321]

(6]

I
0
q MsOH, P,0s
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MsO™ ],,
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-continued
COOH

4n

[0322] The same operations as in Example 14 were per-
formed except that 2.5 parts by mass of salicylic acid was
used to afford poly[methyl(4-phenylthiophenyl)sulfonium
methanesulfonate] at a yield of 98%. Thereafter, the same
operations as in Example 2 were performed to afford poly
(p-phenylene sulfide) at a yield of 46%.

[0323] The weight-average molecular weight of the
obtained resin was measured to be 25000. The result of a
thermal analysis showed that the glass transition temperature
(Tg) was 93° C., the melting point was 271° C., and the melt
viscosity was 21 Pa-s. The infrared absorption spectrum was
measured, and it was found that an absorption peak derived
from the free O—H stretching Vlbratlon of a hydroxy group
was present at a position of 3552 cm™" as shown in FIG. 37,
and an absorption peak derived from the C—0O stretchmg
vibration of a carboxy group was present at a position of
1686 cm™" as shown in FIG. 38.

Example 33
[0324]

MsOH, P,0s

&0
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[0328] Into an eggplant flask was added 100 parts by mass
of poly {methyl-4-[4-(phenylthio)phenyl]phenylsulfonivm
methanesulfonate}, and dissolved in 800 parts by mass of
N-methyl-2-pyrrolidone. This was stirred at 70° C. for 8
hours, and a solid precipitated was collected through filtra-
tion. The resulting solid was charged into an autoclave, and
800 parts by mass of N-methyl-2-pyrrolidone was added
thereto, and the resultant was stirred at 230° C. for 1 hour.
The solid was collected through filtration, and washed with
1000 parts by mass of water at 70° C. twice. Thereafter, the
washed solid was dried at 120° C. for 4 hours to afford
poly(p-phenylenethio-p,p'-biphenylylene sulfide) at a yield
of 67%.

[0329] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
C—O stretching vibration of a carboxy group was present at
a position of 1708 cm™ as shown in FIG. 39.

Example 35

[0330] The same operations as in Example 33 were per-
formed except that 3 parts by mass of salicylic acid was used
in place of phenylpropionic acid to afford poly {methyl-4-
[4-(phenylthio)phenyl]phenylsulfonium methanesulfonate}
at a yield of 95%. Thereafter, the same operations as in

THs COOH
S O O S+
. . MsO-
n

[0325] In a separable flask were placed 100 parts by mass
of 4-methylsulfinyl-4'-(phenylthio)biphenyl and 3 parts by
mass of phenylpropionic acid, and 500 parts by mass of
methanesulfonic acid and 50 parts by mass of diphosphorus
pentoxide were further added thereto with cooling to 10° C.
or less, and the resultant was stirred for 20 hours. The
reaction solution was placed into 10000 parts by mass of
acetone, and a solid precipitated was collected through
filtration and washed with 600 parts by mass of acetone
twice. The resulting solid was dried under a reduced pres-
sure to afford poly{methyl-4-[4-(phenylthio)phenyl]phenyl-
sulfonium methanesulfonate} at a yield of 98%.

[0326] 'H-NMR (solvent, DMSO-dy): 3.84, 7.63, 7.86,
8.04, 8.14 [ppm]

Example 34
[0327]

Example 34 were performed to afford poly(p-phenylenethio-
p-p'-biphenylylene sulfide) at a yield of 45%.

[0331] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
free O—H stretching vibration of a hydroxy group was
present at a position of 3567 cm™! as shown in FIG. 40, and
an absorption peak derived from the C—O stretching vibra-
tion of a carboxy group was present at a position of 1681
cm™' as shown in FIG. 41.

Example 36

[0332] The same operations as in Example 33 were per-
formed except that 2 parts by mass of phenol was used in
place of phenylpropionic acid to afford poly{methyl-4-[4-
(phenylthio)phenyl|phenylsulfonium methanesulfonate} at
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a yield of 96%. Thereafter, the same operations as in
Example 34 were performed to afford poly(p-phenylenethio-
p-p'-biphenylylene sulfide) at a yield of 42%.

[0333] The infrared absorption spectrum was measured,
and it was found that an absorption peak derived from the
free O—H stretching vibration of a hydroxy group was
present at a position of 3567 cm™ as shown in FIG. 42.

Reference Example 2

[0334] Into a separable flask were added 100 parts by mass
of 4-methylsulfinyl-4'-(phenylthio)biphenyl and 50 parts by
mass of diphosphorus pentoxide, and 500 parts by mass of
methanesulfonic acid was further added thereto dropwise at
0° C. The reaction solution was stirred at 25° C. for 20 hours,

N O O I @S@
| |
0 0
CH
S
: M

and this was poured into acetone to terminate the reaction.
A solid precipitated was taken out through filtration, and
washed with acetone. The solid washed was dried under a
reduced pressure to afford poly{methyl-4-[4-(phenylthio)
phenyl]phenylsulfonium methanesulfonate} at a yield of
93%. 'H-NMR confirmed that the product was produced.

[0335] 'H-NMR (solvent, DMSO-d,): 3.84, 7.63, 7.87,
8.04, 8.15 [ppm]

[0336] Into an eggplant flask were added 100 parts by
mass of poly{methyl-4-[4-(phenylthio)phenyl|phenylsulfo-
nium methanesulfonate} and 5000 parts by mass of pyridine.
The reaction solution was stirred at 25° C. for 30 minutes,
and then stirred at 110° C. for 20 hours. The reaction
solution was placed into water to terminate the reaction, and
a solid precipitated was taken out through filtration. The
solid was washed with chloroform, NMP and water. The
solid washed was dried under a reduced pressure to afford
poly(p-phenylenethio-p,p'-biphenylylene sulfide) at a yield
of 43%.

[0337] The infrared absorption spectrum was measured,
and it was found that no clear absorption peak was present
in a range of 3250 to 3650 cm™" as shown in FIG. 43 and in
a range of 1670 to 1720 cm™ as shown in FIG. 44. Thus, it
was confirmed that the targeted compound did not have any
of a hydroxy group, an amino group and a carboxy group.

[0338] Table 8 shows the results of measurements of the
properties of the resins prepared in Examples 34, 35 and 36,
and Reference Example 2.
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TABLE 8
Example Reference
34 35 36 Example 2
GPC Mw [-] 4,000 10,000 8,000 unmeasurable
(reference
value)
DsC Tg [°C.] 162 155 126 164
Tm 352 372 369 347
Example 37
[0339]
MsOH, P,05
_—
COOH
OH
COOH
CH.
| } | } NMP
—_—
S* S* OH
sO” MsO-
COOH

[0340] Into a separable flask was added 100 parts by mass
of bis[4-(methylsulfinyl)|biphenyl, and 66 parts by mass of
diphenyl sulfide, 130 parts by mass of diphosphorus pen-
toxide and 2 parts by mass of salicylic acid were further
added thereto under a nitrogen atmosphere. After the reac-
tion solution was cooled in an ice bath, 1300 parts by mass
of methanesulfonic acid was slowly added dropwise. The
temperature of the reaction solution was raised to a room
temperature, and the reaction solution was stirred for 20
hours. The reaction solution was placed into 10000 parts by
mass of acetone, and a solid precipitated was collected
through filtration, and washed with 600 parts by mass of
acetone twice. The resulting solid was dried under a reduced
pressure to afford poly[methyl(4-phenylthiophenyl)sulfo-
nium-4'-thiomethyl(biphenyl)sulfonium methanesulfonate]
at a yield of 98%. Thereafter, the same operations as in
Example 34 were performed to afford poly(p-phenylenethio-
p-phenylenethio-p,p'-biphenylylene sulfide) at a yield of
70%.

[0341] The weight-average molecular weight of the
obtained resin was measured to be 18000. The result of a
thermal analysis showed that the glass transition temperature
(Tg) was 122° C., and the melting point was 330° C. The
infrared absorption spectrum was measured, and it was
found that an absorption peak derived from the O—H
stretching vibration of a hydroxy group was present at a
position of 3454 cm™ as shown in FIG. 45, and an absorp-
tion peak derived from the C—O stretching vibration of a
carboxy group was present at a position of 1684 cm™' as
shown in FIG. 46.
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1-3. (canceled)

4. A method for producing a polyarylene sulfide resin
comprising a main chain including a constitutional unit
represented by the following formula (1-1) or the following
formula (2-1) and a terminal group bonding to a terminal of
the main chain and including at least one functional group
selected from the group consisting of a carboxy group, a
hydroxy group and an amino group, the method comprising:

a step of dealkylating or dearylating a poly(arylene sul-
fonium salt) comprising a main chain including a
constitutional unit represented by the following for-
mula (1-2) or a constitutional unit represented by the
following formula (2-2) and a terminal group bonding
to a terminal of the main chain and including at least
one functional group selected from the group consisting
of a carboxy group, a hydroxy group and an amino

group:

(-1)
—fS—Ar'—Z— AP —S— AP —R¥3+—

-1
—FS—Ar!—R?3—

1-2)

R! R!
—[~s*—Ar1—z—Ar2—s+~]—A13b—R2b—
' '
2-2
Rl

—fi*—Arl—RZb‘]—
x

wherein, in formulas (1-1), (1-2), (2-1) and (2-2), R!
represents an alkyl group having 1 to 10 carbon atoms
or an aryl group optionally having an alkyl group
having 1 to 10 carbon atoms; R?” represents a direct
bond, —Ar**—, —S—Ar** _ O—Ar* — —CO—
Ar**— 80O, —Ar**— or —C(CF,),—Ar*—; Ar',
Ar?, Ar*® and Ar*” each independently represent an
arylene group optionally having a substituent; Z rep-
resents a direct bond, —S— —O— —CO—,
—S0,— or —C(CF;),—; and X~ represents an anion.

5. The method for producing a polyarylene sulfide resin
according to claim 4, wherein the terminal group included in
the polyarylene sulfide resin and the poly(arylene sulfonium
salt) is a group represented by the following formula (3-1b),
(3-2b), (3-3b), (3-4b), (3-5b) or (3-6b):
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(3-1b)
— Ar*—R3*—COOH
(3-2b)
—Aéb—g _-CooH
coon
(3-3b)
/—COOH
— ASP—N
H
(3-4b)
_CHCOOH
— AP —
H, CH,COOH
(3-5b)
—Ar*—oH
(3-6b)
— Ar*—NH,

wherein R? represents a direct bond or an alkylene group
having 1 to 10 carbon atoms; and Ar®® represents an
aryl group.

6. The method for producing a polyarylene sulfide resin
according to claim 4, wherein the terminal group included in
the polyarylene sulfide resin and the poly(arylene sulfonium
salt) is a group represented by the following formula (4-1b),
(4-2b), (4-3b) or (4-4b):

(4-1b)

— A®*—OH
R*—COOH
(4-2b)
— A" —oH
OH
(4-3b)
— A —NIH,
OH
(4-4b)
— A —NIH,
COOH

wherein R* represents a direct bond or an alkylene group
having 1 to 10 carbon atoms; and Ar®® represents an
aryl group.

7-17. (canceled)



