OFFICE DE LA PROPRIETE

INTELLECTUELLE DU CANADA "".

OPIC CIPO

PROPERTY OFFICE

(72) MIYAHARA, Michihisa, US

(72) SATO, Hiroyuki, JP

(72) SATAKE, Yoshikatsu, JP

(73) KUREHA KAGAKU KOGYO K K., JP

51) Int.C1.° CO8G 75/02
30) 1996/02/21 (58316/1996) JP

(12) (19) (CA) Brevet-Patent

(CANADIAN INTELLECTUAL

(11) (21) (C) 2,197,586
22y 1997/02/14
43) 1997/08/21
45y 2001/01/02

54y PROCEDE DE PRODUCTION DE POLY(SULFURE

D’ARYLENE)

54) PROCESS FOR PRODUCING POLY (ARYLENE SULFIDE)

(57) L 1invention consiste en un procede pour produire un
poly(sulfure d’arylene) comprenant une ¢tape de
déshydratation par chauffage et déshydratation d’un
melange contenant un solvant d’amide organique (a), un
sulfure de metal alcalin et de 1’eau pour régler la teneur
en cau dans le melange et une €tape subsé¢quente de
polymeérisation consistant a soumettre le sulfure de meétal
alcalin et un compose dihalo-aromatique a une réaction
de polymeérisation dans le solvant d’amide organique (a);
le sulfure d’hydrogene qui s’est vaporise durant 1'¢tape
de deshydratation est absorbé dans un autre solvant
d’amide organique (b) a I'extérieur du systeme dans
lequel se déroule 1'¢tape de déshydratation, ce qui
permet de le recuperer et de le réutiliser dans la réaction
de polymeérisation comme maticre premiere pour la
production du sulfure de metal alcalin. Le procede de
production decrit dans 1’'mnvention peut resoudre divers
problemes lics a la vaporisation du sulfure d’hydrogene
et fournit un poly(sulfure d’arylene) qui subit peu de
variations du point de vue de la viscosite a 1'¢tat de
fusion et dont la qualite est stable.

I*I Industrie Canada  Industry Canada

(57) The mmvention provides a process for producing a
poly(arylene sulfide) comprising a dehydration step of
heating and dehydrating a mixture containing an organic
amide solvent (a), an alkali metal sulfide and water to
control a water content 1n the mixture and a subsequent
polymerization step of subjecting the alkali metal sulfide
and a dihalo-aromatic compound to a polymerization
reaction 1n the organic amide solvent (a), wherein
hydrogen sulfide vaporized off during the dehydration
step 1s absorbed 1n another organic amide solvent (b)
outside a system 1n which the dehydration step 1s carried
out, thereby recovering 1t, and the hydrogen sulfide thus
recovered 1s reused 1n the polymerization reaction as a
raw material for the alkali metal sulfide. The production
process of the imvention can solve various problems
attendant upon the vaporization of hydrogen sulfide and
provide a poly(arylene sulfide) which undergoes little
variation i melt viscosity and has stable quality.
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ABSTRACT

The invention provides a process for producing a
poly(arylene sulfide) comprising a dehydration step of
heating and dehydrating a mixture containing an organic
amide solvent (a), an alkali metal sulfide and water to
control a water content in the mixture and a subsequent
polymerization step of subjecting the alkali metal sulfide
and a dihalo—-aromatic compound to a polymerization
reaction 1n the organic amide solvent (a), wherein
hydrogen sulfide vaporized off during the dehydration step
1s absorbed in another organic amide solvent (b) outside a
system in which thé dehydration step 1is carried out,
thereby recovering 1t, and the hydrogen sulfide thus
recovered 1s reused 1n the polymerization reaction as a
raw material for the alkali metal sulfide. The production
process of the invention can solve various problems
attendant upon the vaporization of hydrogen sulfide and
provide a poly(arylene sulfide) which undergoes little

variation in melt viscosity and has stable quality.
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TITLE OF THE INVENTION

PROCESS FOR PRODUCING POLY (ARYLENE SULFIDE)

FIELD OF THE INVENTION

The present invention relates to a process for
producing a poly(arylene sulfide), and more particularly
to a process for producing a poly(arylene sulfide) by
controlling a water content in a reaction system by a
dehydration step in advance and then reacting an alkali
metal sulfide with a dihalo-aromatic compound in an
organic amide solvent, wherein hydrogen sulfide vaporized
off in the dehydration step is recovered and reused,
thereby solving various problems attendant upon the
vaporization of hydrogen sulfide and producing a
poly(arylene sulfide) which undergoes little variation in

melt viscosity and has stable quality.

BACKGROUND OF THE INVENTION

Poly(arylene sulfides) (hereinafter abbreviated as
"PASsS") are engineering plastics excellent in heat
resistance, chemical resistance, flame retardancy,
mechanical strength, electric properties, dimensional
stability and the like. Since PASs can be molded or
formed into various molded products, films, sheets,
fibers, etc. in accordance with conventional melt
processing techniques such as extrusion, injection molding

and compression molding, they are commonly used in wide
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fields such as electrical and electronic equipments and

parts, and automotive machine parts.

As a typical production process of a PAS, a process

wherein an alkalili metal sulfide 1s reacted with a dihalo-

- aromatic compound in an organic amide solvent such as N-

methyl-2-pyrrolidone has been known (Japanese Patent
Publibation No. 3368/1970, etc.). In the early stage of
the PAS production, 1t was possible only to obtain a high-
molecular weight polymer by preparing a polymer of a low
polymerization degree and then heating the polymer in the
presence of air to subject it to partial oxidative
crosslinking. After that, the production process was
variously improved to develop a process for obtaining a
high~molecuiar welght PAS by a polymerization reaction.
For example, a process wherein a polymerization reaction
1s conducted in the presence of various polymerization
alds (Japanese Patent Publication No. 12240/1977) and a
process wherein a polymerization reaction is conducted
under the specific control of the amount of co-existing
water and reaction temperature (Japanese Patent
Publication No. 33775/1988) have been proposed. These
processes have permitted the provision of linear, high-
molecular weight PASs.

In these production processes of PAS, it is
necessary to strictly control polymerization conditions

such as a molar ratio of an alkali metal sulfide to a

dihalo-aromatic compound, an amount of co-existing water,
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a polymerization temperature and polymerization time in
order to stably obtain a PAS of high quality. For
example, 1f the amount of the co-existing water in the
polymerization reaction system is too small, undesirable
reactions such as decomposition of a PAS formed tend to
occur. If the amount is too great to the contrary, the
polymerization rate becomes markedly low, and undesirable
side reactions occur. On the other hand, an alkali metal
sulfide 1s generally used as a raw material in the form of
a hydrate containing water of crystallization in plenty.

Besides, the alkali metal sulfide may be prepared in situ

by the reaction of an alkali metal hydrosulfide and an
alkali metal hydroxide in an organic amide solvent. In
this case,'water is formed as a by-product. Further,
these raw materials may be added to the reaction system in
the form of an aqueous solution in some cases.
Accordingly, a great amount of water comes to exist in the
polymerization reaction systen.

Therefore, the production of the PAS generally
requires a dehydration step for heating and dehydrating a
mixture containing an organic amide solvent and an alkali

metal sulfide to control the water content in the

polymerization reaction system prior to the polymerization

reaction. The dehydration step is operated in the
presence of the organic amide solvent, which is a solvent

for the polymerization reaction, and carried out until the

water content is reduced to generally about 0.3-5 mol per
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mol of the alkall metal sulfide by discharging water out
of the system by distillation. When the amount of water
is overreduced by the dehydration step, water is added
prior to the polymerization reaction to control the water
content within a desired range. After controlling the
amount of the co-existing water, a dihalo-aromatic
compound 1s charged into the reaction system, and the
resultant mixture is heated, thereby conducting a
polycondensation reaction.

By the way, the alkali metal sulfide reacts to water
in the organic amide solvent in the above dehydration
step, whereby hydrogen sulfide (H,S) is equilibratorily
dissociated and vaporized off in accordance with a

reaction represented by the following formula:

Na,S + 2H,0 — H,S . 2NaOH

When water is distilled off by the heating in the
dehydration step, the water is usually discharged in the
form of an azeotropic mixture with the organic amide
solvent out of the systen. Aiternatively, the organic

amide solvent and water are separated from each other by

distillation, and only water is discharged. At the same
time, hydrogen sulfide formed is also vaporized out of the
system. The vaporization of hydrogen sulfide in the

dehydration step causes the following problems in an

industrial process for producing a PAS.

First, there has been a problem that since the

substantial quantitative ratio of the alkali metal sulfide
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varies due to the vaporization of hydrogen sulfide, the
melt viscosity (corresponding to degree of polymerization)
of a polymer as a product varies every lot. In general,
the quality of a polymer formed varies every lot according
to the change-over of raw materials (in particular, the
alkali metal sulfide and/or the alkali metal
hydrosulfide), variation in raw material composition
accompanying change in grade of PAS, variation in the
amount of hydrogen sulfide vaporized off accompanying
change 1n heating and dehydrating rate, or the like.
Further, even when polymers are produced by using the same
raw materials under substantially the same conditions, the
polymers formed undergo lot-to-lot variation because the

amount of hydrogen sulfide vaporized off in the

dehydration step brings about changes.

Second, there has been a problem that it is

difficult to stably produce a PAS of high polymerization
degree due to the vaporization of hydrogen sulfide. Since

a way of polymerization reaction between the alkali metal

'sulfide and the dihalo-aromatic compound is a

polycondensation reaction between both components, it is
desirable that a molar ratio between both components be
brought close to 1:1 as much as possible in order to
obtain a PAS of high polymerization degree. For that
reason, the charged amount of the alkali metal sulfide

and/or the alkali metal hydrosulfide is controlled in

anticipation of the amount of hydrogen sulfide vaporized
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off 1n the dehydration step. However, it is difficult to

exactly control the molar'ratio between both components 1n
the reaction because the range of variation in the amount
of the hydrogen sulfide vaporized off is great. If the
amount of the hydrogen sulfide vaporized off is smaller
than the expected amount, and so the molar ratio of the

alkali metal sulfide to the dihalo-aromatic compound

becomes high, undesirable side reactions such as rapid

decomposition reaction tend to occur. In order to obtain
the PAS of high polymerization degree, it is therefore
essential to strictly control and measure the amount of
hydrogen sulfide vaporized off. It has however been
difficult to achieve the intended melt viscosity and
narrow a scatter of melt viscosity due to the vaporization
of hydrogen sulfide in the dehydration step.

Third, hydrogen sulfide vaporized off in the
dehydration step is a harmful substance and an
environmental pollutant which is scattered as a gas in the
air. A special equipment is required for treating
hydrogen sulfide, and so an economic burden becomes great.

Forth, there has been a problem that when hydrogen
sulfide is vaporized off in the dehydration step, the

alkali metal sulfide and/or the alkali metal hydrosulfide,

which are raw materials, are lost. In the dehydration
step, these raw materials are generally lost in a
proportion of 2-5% in terms of sulfur by the vaporization

of hydrogen sulfide. If this lost sulfur (i.e., hydrogen
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sulfide) may be reused, for example, by recycling it to
the polymerization reaction system, the raw materials can
be economized, and moreover the equipment for treating the
hydrogen sulfide vaporized off is made unnecessary, thus
leading to reduction in the product cost of PAS and
prevention of environmental pollution.

In the past, some proposals have been made for
solving the various problems attendant upon the
vaporization of hydrogen sulfide in the dehydration step.
For example, (1) a method in which the amount of hydrogen
sulfide vaporized off in the dehydration step is
determined to precisely find the amount of a suifﬁr source
exlisting in a reaction system (Japanese Patent Publication
No. 33775/1988) and (2) a method in which hydrogen sulfide
vaporized off is absorbed in an aqueous solution of an
alkali metal hydroxide to recycle to a dehydration step
and/or a polymerization step in a subsequent batch,
thereby reusing it (Japanese Patent Application Laid-Open
No. 160833/1990) have been proposed.

According to the method (1), it is possible to

precisely adjust a molar ratio of the alkali metal sulfide

to the dihalo-aromatic compound in the polymerization
step. However, a special exclusive apparatus for
determining the amount of the hydrogen sulfide vaporized
off in the dehydration step is required. In addition, a
loss of analyzing time is caused. Further, problems of

making hydrogen sulfide harmless and treating the harmless
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substance formed still remain in the treatment of the
hydrogen sulfide vaporized off. The method (2) causes a
great loss of energy because the amount of water to be
removed increases in the case where the agqueous solution
of the hydrogen sulfide recovered is recycled to the
dehydration step of the subsequent batch. In the case
where the aqueous solution of hydrogen sulfide recovered
i1s recycled to the polymerization step of the subsequent
batch, there are caused the above-described problems
attendant upon the polymerization reaction in the system
in which water co-exists in plenty. There is thus a
demand for a further improvement in stabilization of
variation in the melt viscosity of the formed PAS

accompanying the variation in the amount of hydrogen

sulfide vaporized off every batch.

OBJECTS AND SUMMARY OF THE INVENTION

It is an object of the present invention to provide
an ilmproved process for producing a poly(arylene sulfide),
wherein hydrogen sulfide vaporized off in a dehydration
step 1s recovered and reused in a polymerization reaction.

Another object of the present invention is to
provide a process for efficiently producing a poly(arylene
sulfide), which undergoes little variation in melt
viscosity and has stable quality, by recovering hydrogen

sulfide vaporized off in a dehydration step to reuse in a

polymerization reaction.
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A further object of the present invention is to

provide a process for economically producing a
poly(arylene sulfide).

The present i1nventors have carried out an extensive

investigation with a view toward overcoming the above
problems involved in the prior art and consequently hit
upon a process in which hydrogen sulfide formed and
vaporized off in a dehydration step of the production of
PAS 1s absorbed in an organic amide solvent outside a
system in which the dehydration step is carried out,
thereby recovering it. According to this process, the
hydrogen sulfide vaporized off in the dehydration step can
be efficiently absorbed in the organic amide solvent to

recover 1t. Since the organic amide solvent solution, in

which hydrogen sulfide has been absorbed, can be reused in
the polymerization reaction as it is, a burden imposed on
the dehydration step is lightened compared with the
conventional process wherein hydrogen sulfide is absorbed
in an aquéous solution of an alkali metal hydroxide. When
the hydrogen sulfide recovered is recycled to the
polymerization reaction system and reused, a PAS having
stable quality from the viewpoint of melt viscosity and
the like can be efficiently obtained. The reuse of the
hydrogen sulfide recovered can reduce loss of raw
materials such as an alkali metal sulfide and an alkali
metal hydrosulfide in the dehydration step to a great

extent, and so it is possible to economically produce a
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PAS.

The present invention has been led to completion on
the basis of these findings.

According to the present invention, there is thus
provided a process for producing a poly(arylene sulfide),
comprising a dehydration step of heating and dehydrating a
mixture containing an organic amide solvent (a), an alkali
metal sulfide and water to control a water content in the
mixture and a subsequent polymerization step of subjecting
the alkali metal sulfide and a dihalo-aromatic compound to
a polymerization reaction in the organic amide solvent
(a), wherein hydrogen sulfide vaporized off during the
dehydration step is absorbed in another organic amide
solvent (b) outside a system in which the dehydration step
is carried out, thereby recovering it, and the hydrogen
sulfide thus recovered is reused in the polymerization

reaction as a raw material for the alkali metal sulfide.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Alkalili metal sulfide:
Examples of the alkall metal sulfide useful in the

practice of the present invention include lithium sulfide,
sodium sulfide, potassium sulfide, rubidium sulfide,

cesium sulfide and mixtures of two or more of these

compounds. These alkall metal sulfides are generally sold

and used 1n the form of a hydrate. Examples of the

hydrates include sodium sulfide nonahydrate (Na,S.9H,O)
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and sodium sulfide pentahydrate (Na5,S-5H,0) . The alkali
metal sulfide may be used in the form of an aqueous
mixture. The alkali metal sulfide may also be prepared in

situ 1n an organic amide solvent from an alkali metal

hydrosulfide and an alkali metal hydroxide. It may also
be possible to use a small amount of an alkali metal
hydroxide in combination with the alkali metal sulfides to
react 1t with alkali metal hydrosulfides and alkali metal
thiosulfates, which may sometimes exist in a trace amount
in the alkali metal sulfides, thereby removing these trace
components or converting them into the alkalihmetal
sulfides. Among these alkali metal sulfides, sodium
sulfide and sodium hydrosulfide are the least expensive
and hence particularly preferred.

In the production process according to the present
invention, water to be removed in the dehydration step
includes water of hydration, water as a medium for the
aqueous mixtures, water formed as a by-product by the
reaction of the alkali metal hydrosulfide with the alkali
metal hydroxide, and the 1like.

Dihalo-aromatic compound:

The dihalo-aromatic compound useful in the practice
of the present invention is a dihalogenated aromatic
compound having 2 halogen atoms directly bonded to an
aromatic ring. Specific examples of the dihalo-aromatic
compound 1nclude o-dihalobenzenes, m-dihalobenzenes, p-

dihalobenzenes, dihalotoluenes, dihalonaphthalenes,
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methoxy-dihalobenzenes, dihalobiphenyls, dihalobenzoic
aclids, dihalodiphenyl ethers, dihalodiphenyl sulfones,
dihalodiphenyl sulfoxides and dihalodiphenyl ketones.
Here, the halogen atoms mean individual atoms of fluorine,
chlorine, bromine and iodine, and two halogen atoms in a
dihalo-aromatic compound may be the same or different from
each other. These dihalo-aromatic compounds may be used
either singly or in any combination thereof. The amount
of the dihalo-aromatic compound to be used is generally

0.9-1.5 mol, preferably 0.9-1.2 mol per mol of the alkali

metal sulfide charged.

Molecular weight modifier, and branching or crosslinking

agent:

A monohalo cbmpound (which may not be necessarily an
aromatic compound) may be used in combination in order to
form the terminals of the resulting PAS or to control the
polymerization reaction or the molecular weight of the
PAS. In addition, a polyhalo compound (which may not be
necessarily an aromatic compound), to which three or more
halogen atoms are bonded, an active hydrogen-containing
halo-aromatic compound, a halo-aromatic nitro compound
and/or the like may also be used in combination in order
to form a branched or crosslinked polymer. Preferable

examples of the polyhalo compound include trihalobenzenes.

Organic amide solvent:

In the present invention, organic amide solvents,

which are aprotic polar organic solvents, are used as
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solvents for the polymerization reaction and recovery of
hydrogen sulfide. The organic amide solvent (a) used in
the polymerization step is preferably stable to alkalis at
a high temperature. Specific examples of the organic
amide solvent (a) include amide compounds such as N,N-
dimethylformamide and N,N-dimethylacetamide; N-
alkylcaprolactam compounds such as N-methyl-e-caprolactam:;
N-alkylpyrrolidone compounds and N-cycloalkylpyrrolidone
compounds such as N-methyl-2-pyrrolidone (hereinafter
referred to as "NMP") and N-cyclohexyl-2-pyrrolidone; N,N-
dialkylimidazolidinone compounds such as 1,3-dialkyl-2-
imidazolidinones; tetraalkylurea compounds such as
tetramethylurea; and hexaalkylphosphoric triamide
compounds such as hexamethylphosphoric triamide. These
organic amide solvents may be used either singly or in any
combination thereof. Among these organic amide solvents,
the N-alkylpyrrolidone compounds, N-cycloalkylpyrrolidone
compounds, N-alkylcaprolactam compounds and N,N-
dialkylimidaiolidinone compounds are preferred, with NMP,
N-methyl-e¢~caprolactam and 1,3-dialkyl-2-imidazolidinones
being particularly preferred. The amount of the organic
amide solvent (a) to be used in the polymerization
reaction of the present invention is generally within a
range of 0.1-10 kg per mol of the alkali metal sulfide.

As the organic amide solvent (b) which absorbs the
hydrogen sulfide formed in the dehydration step, the same

organic amide solvent as that used in the polymerization
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reaction may be used. Preferable examples of the organic
amide solvent (b) for recovering hydrogen sulfide include
N-alkylpyrrolidone compounds, N-cycloalkylpyrrolidone
compounds, N-alkylcaprolactam compounds and N,N-
dialkylimidazolidinone compounds. More specifically, NMP,
N-methyl-¢-caprolactam and 1,3-dialkyl-2-imidazolidinones
are particularly preferred.

Polymerization aid:

In the present invention, various polymerization

aids may be used, as needed, with a view toward
facilitating the polymerization reaction to obtain a PAS
of high polymerization degree in a shorter period of time.
Specific examples of the polymerization aids include metal
salts of organic sulfonic acids, lithium halides, metal
carboxylates and alkalili metal phosphates which are
generally known as polymerization aids for PAS. Among
these, the metal carboxylates are particularly preferred
because they are cheap. The amount of the polymerization
ald to be used varies according to the kind of the
compound used, but is generally within a range of 0.01-10
mol per mol of the alkali metal sulfide charged.
Polymerization reaction:

In the present invention, a PAS is produced by
reacting the alkali metal sulfide with the dihalo-aromatic
compound in the organic amide solvent. In the
polymerization reaction, a mixture containing the organic

amide solvent, alkali metal sulfide and water is first
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heated and dehydrated prior to the polymerization step,
thereby controlling the water content in the
polymerization reaction system (dehydration step). After
the dehydration step, a composition obtained in this
dehydration step is mixed with the dihalo-aromatic
compound, and the alkalli metal sulfide and the dihalo-
aromatic compound are heated in the organic amide solvent,
thereby subjecting them to a polymerization reaction
(polymerization step).

[Dehydration step]

The dehydration step is performed by heating the
alkali metal sulfide in the organic amide solvent,
desirably, 1n an inert gas atmosphere to separate water by
distillation outside the reaction system. Since the
alkali metal sulfide is generally used in the form of a
hydrate or aqueous mixture, it contains water in an amount
greater than that of the polymerization system needs.

When an alkali metal hydrosulfide is used as a sulfur

source, an alkali metal hydroxide is added in an amount

almost equimolar thereto, thereby reacting both components

in situ in the organic amide solvent to convert into its

corresponding alkali metal sulfide. In this reaction,
water 1s formed as a by-product. In the dehydration step,
water composed of hydrate (water of crystallization),
water as a medium for the aqueous mixture and water formed
as the by-product is removed until the water content in

the polymerization reaction system comes within a range of
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necessary amounts. In the dehydration step, the water is
generally removed until the amount of water co-existing in
the polymerization reaction system is reduced to about
0.3-5 mol per mol of the alkalili metal sulfide. If the
water content becomes too low by the dehydration step,
water may be added prior to the polymerization step,
thereby controlling the water content within the desired
range.

These raw materials are charged within a temperature
range of from ordinary temperature to 300°C, preferably
from ordinary temperature to 200°C. The raw materials may
be charged in no particular order. Further, the
individual raw materials may be added in the course of the
dehydration operation. As a solvent used in the
dehydration step, any of the above-described organic amide
solvents 1s used. This solvent is preferably the same as
the organic amide solvent to be used in the polymerization
step, with NMP being particularly preferred. The amount

of the solvent to be used 1s generally within a range of

0.1-10 kg per mol of the alkalli metal sulfide charged.

The dehydration operation is carried out by heating
the composition charged, generally, at a temperature of
300°C of lower, preferably, within a temperature range of
from 60°C to 280°C for generally 15 minutes to 24 hours,
preferably 30 minutes to 10 hours. Examplés of a heating

method include a method of holding a fixed temperature, a

method of raising the temperature by stages or
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continuously, and a combination of both methods. The
dehydration step 1s conducted by a batch system, a
continuous system or a combination of both systems. An
apparatus in which the dehydration step is conducted may
be the same as a reaction vessel or reaction tank to be
used in the subsequent polymerization step or different

from that.

In the dehydration step, a part of the organic amide

solvent is discharged together with water in the form of
an azeotropic mixture. Water is discharged in the form of
an azeotropic mixture with the organic amide solvent.
Alternatively, the organic amide solvent and water are
separated from each other by distillation, and only water

1s discharged. Further, the hydrogen sulfide is
discharged together with water or the azeotropic mixture

of water and the organic amide solvent.
[Recovery step of hydrogen sulfide]

Since the dehydration step is not a closed systen,
the alkali metal sulfide of a raw material reacts to

water, whereby hydrogen sulfide i1s equilibratorily

dissociated and vaporized off. 1In the present invention,
the hydrogen sulfide formed and vaporized off in the
dehydration step is absorbed in an organic amide solvent
outside the system in which the dehydration step is
carried out, thereby recovering it. The organic amide

solvent absorbing hydrogen sulfide therein is able to use

the same as that to be used in the polymerization step.
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As described above, water or the azeotropic mixture
of water and the organic amide solvent is discharged out
of the system in the dehydration step. The hydrogen
sulfide vaporized off is discharged together with the
water or the azeotropic mixture out of the system. 1In
order to recover the hydrogen sulfide vaporized off,
therefore, the discharged matter from the dehydration step
is first cooled to separate into a distillate mainly
containing water or the azeotropic mixture of water and
the organic amide solvent, and a hydrogen sulfide gas.

The hydrogen sulfide gas separated is absorbed in the
organic amlide solvent outside the system in which the
dehydration step is carried out, thereby recovering it.

The amount of the organic amide solvent to be used
varies according to the temperature and pressure during
the hydrogen sulfide absorption. However, it is desirably
at least a sufficient amount to absorb the whole amount of
the hydrogen sulfide vaporized off. When the hydrogen
sulfide is absorbed at ordinary temperature and pressure,
the amount of the solvent to be used is generally in a
proportion of 0.1-30 kg per mol of the hydrogen sulfide
vaporized off. The absorption temperature is generally
0-200°C, preferably 10-150°C. The absorption pressure is
generally within a range of from ordinary pressure to 1
MPa, preferably from ordinary pressure to 0.5 MPa. When

pressurizing, either a system that the whole apparatus

from a dehydration and distillation column to an
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absorption tank of hydrogen sulfide is pressurized, or a
system that only the absorption tank is pressurized may be
used. It is preferable to continuously conduct the
absorption of hydrogen sulfide during the operation of the
dehydration step. The absorption tank may be a common
packed column equipped with a circulating pump because the
rate of absorption of hydrogen sulfide in the organic
amide solvent is high. Even a gas absorber of the liquid-

charging type or bubbling type may be satisfactorily used.
The absorption may be conducted by either a continuous

system or a batch systen.
[Reuse of hydrogen sulfide recovered]

In the present invention, the hydrogen sulfide
recovered 1s reused in the polymerization reaction as a
raw material for the alkali metal sulfide. Specifically,
the organic amide solvent solution (i.e., the absorbed
solution) in which hydrogen sulfide has been absorbed is
employed to reuse. More specifically, there are, for
example, such embodiments that (1) the absorbed solution
1s recycled to the dehydration apparatus, in which the
dehydration is being carried out, in the course of the
operation of the dehydration step, (2) the absorbed
solution is recycled to the dehydration apparatus, in
which the dehydration has been carried out, at the time
the dehydration step has been completed, (3) the absorbed
solution is recycled to the polymerization apparatus at

the time the polymerization reaction is started or in the
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course of the polymerization reaction in the subsequent
polymerization step, (4) the absorbed solution is recycled
to a dehydration step or polymerization step on and after
the next batch, and (5) the absorbed solution is reused in
a fresh polymerization reaction.

When an alkali metal hydroxide exists in the
reaction system, hydrogen sulfide is converted into its
corresponding alkali metal sulfide. When the hydrogen
sulfide recovered is reused in the polymerization reaction
as a raw material for the alkali metal sulfide, the amount
of the co-existing alkali metal hydroxide is thus
controlled within an adequate range. When the hydrogen
sulfide recovered is recycled to the polymerization
reaction system such as the dehydration step and/or the

polymerization step, thereby reusing it, the molar ratio
of the alkalili metal sulfide to the dihalo-aromatic

compound 1in the reaction can be exactly controlled, so

that a PAS, which undergoes little variation in melt

viscosity and has stable quality, can be obtained.
[Polymerization step]

The polymerization step is conducted by mixing the
composition after completion of the dehydration step with
the dihalo-aromatic compound and heating the mixture. The
recycled solution in which hydrogen sulfide has been
absorbed may be contained in the mixture. Upon the
preparation of this mixture, the amounts of the organic

amide solvent and co-existing water, and the like may be
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adjusted, and besides the polymerization aid and other
additives may be mixed.

The mixing of the composition after completion of
the dehydration step with the dihalo-aromatic compound is
performed within a temperature range of generally 100-
350°C, preferably 120-330°C. No particular limitation is
imposed on the order of mixing, and the mixing is
conducted by adding both components by bits or at a time.
The hydrogen sulfide-absorbed solution may also be mixed
in optional order.

The polymerization reaction is generally conducted
at 100-350°C, preferably 150-330°C. As a heating method
in this reaction, there may be used a method of holding a
fixed temperature, a method of raising the temperature by
stages or continuously or a combination of both methods.
The polymerization reaction time is generally within a
range of from 10 minutes to 72 hours, desirably from 30
minutes to 48 hours. The amount of the organic amide
solvent used in this step is generally 0.1-10 kq,
preferably 0.15-1 kg per mol of the sulfur-containing
component existing in the polymerization step. The amount
of the solvent may be changed in the course of the
polymerization reaction so far as it is within this range.

The amount of the co-existing water at the time the
polymerization reaction is started is preferably
controlled within a range of generally 0.3-5 mol per mol

of the alkali metal sulfide. However, when it is intended
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to obtain a low-molecular weight polymer or oligomer, or a
speclal polymerization process is used, the amount of the
co-exlisting water may be outside this range. For example,
the amount of the co-existing water may be controlled
within a range of 0.1-15 mol, preferably 0.5-10 mol per
mol of the alkall metal sulfide. The amount of the co-
existing water may be increased in the course of the
polymerization reaction, or decreased by distillation to
the contrary.

As a polymerization process in which the amount of
the co-existing water is increased in the course of the

polymerization reaction, there is, for example, a process

wherein the reaction is conducted at a temperature of 180-
235°C 1n a state that water is present in a proportion of
0.5-2.4 mol per mol of the alkali metal sulfide, so as to
give a conversion of the dihalo-aromatic compound of 50-98
mol%, and the reaction is then continued by adding water
in such a manner that water is present in a proportion of
2.5-7 mol per mol of the alkali metal sulfide and raising
the reaction temperature to 245-290°C (Japanese Patent
Publication No. 33775/1988).

In order to reduce the contents of sodium chloride
formed as a by-product and impurities in the resulting
polymer, or to collect a polymer in the form of granules,
water may be added in the final stage of the
polymerization reaction or at the time of completion

thereof to increase the water content. No particular
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limitation is imposed on the polymerization step of the
present invention, and many of other known polymerization
processes or variants thereof may be applied thereto. The
system of the polymerization reaction may be a batch
system, a continuous system or a combination of both
systems. In the case of batch-wise polymerization, a
system making use of two or more reaction vessels may be
used 1n order to shorten the cycle time of the
polymerization.

[Post-treatment]

The post-treatment in the polymerization process of
the present invention can be carried out by a method known
per se in the art. For example, after completion of the
polymerization reaction, a slurry containing a formed
product can be cooled and filtered as such without

dilution or after dilution with water or the like, and the
resulting polymer is washed with water and filtered
repeatedly, and dehydrated or dried, whereby a PAS can be
collected. The slurry containing the formed product may
be subjected to sifting as it is in a state heated,
thereby separating the polymer. After the filtration or
sifting, the PAS may be washed with an organic solvent
such as the same organic amlde solvent as the solvent for
the polymerization, a ketone or an alcohol, hot water,
and/or the like. The PAS formed may be treated with an
acid or a salt such as ammonium chloride.

[Polymer formed]



10

15

20

25

2197586

...24...

The PAS obtained by the process according to the
present invention can be used as it is or after subjected
to oxidative crosslinking, and molded or formed into
various injection-molded products, and extruded products
such as sheets, films, fibers and pipes by themselves or
in the form of compositions mixed with one or more of
various inorganic fillers and fibrous fillers, and various
synthetic resins. When the hydrogen sulfide recovered is
recycled to the polymerization reaction system according
to the present invention, the resulting PAS can be stably
subjected to these processings because the PAS undergoes
little lot-to-lot variation in melt viscosity. Therefore,
the molded or formed product obtained therefrom also

undergoes little variation in various properties. Among

PAS, polyphenylenesulfide 1s particularly preferred.

ADVANTAGES OF THE INVENTION
According to the present invention, hydrogen sulfide
vaporized off in the dehydration step is absorbed in the
organic amide solvent to recover it, and 1s reused 1n a
polymerization reaction. Therefore, without increase of a
burden imposed on the dehydration step, a loss of raw
materials can be reduced, and environmental pollution due

to the vaporization of hydrogen sulfide can be prevented.
Besides, when the hydrogen sulfide recovered is recycled

to the polymerization reaction system and reused, a PAS

which undergoes little variation in melt viscosity and has
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stable quality can be obtained.
EMBODIMENTS OF THE INVENTION

The present invention will hereinafter be described
more specifically by the following Examples and
Comparative Examples. Measuring methods of physical
properties are as follows:

(1) Loss of hydrogen sulfide:

Loss (%) of hydrogen sulfide in the dehydration step
was calculated 1n accordance with the following equation:
Loss of hydrogen sulfide = [(A - B)/C] x 100

wherein

A: a sulfur-contalning component vaporized (mol):;

B: a sulfur-containing component reused (mol); and |

C: a sulfur-containing component charged (mol).

(2) Yield of polymer:

The yield was calculated on the basis of the weight
(calculated amount) of a sulfur-containing component
charged, the whole of which is assumed to have been
converted into a polymer.

(3) Melt viscosity:
The melt viscosity of a polymer was measured at

310°C and a shear rate of 1200/sec.

[Comparative Example 1]

Polymerization example where hydrogen sulfide

vaporized off during a dehydration step was not recvcled:

Comparative Example 1la:

A 20-liter autoclave (reaction vessel) was charged



10

15

20

25

2197586

- 26 -

with 6,000 g of NMP and 3,800 g of sodium sulfide

pentahydrate containing 46.20 wt.% of sodium sulfide
(Na,S). After purged with nitrogen gas, the temperature
of the contents was gradually raised to 200°C over about
3.5 hours with stirring, thereby distilling off 1,566 g of
water and 1,079 g NMP. At this time, 0.50 mol of hydrogen
sulfide was vaporized off. Therefore, the available Na,S
in the Qessel after the dehydration step was reduced to
21.99 mol, and the amount of H,S vaporized off
corresponded to 2.22 mol% of Na,S charged.

After the dehydration step described above, the
reaction vessel containing 21.99 mol of the available Na,S
was cooled down to 150°C, and 3,362 g (1.04 mol/mol of
Na,S) of p-dichlorobenzene (hereinafter abbreviated as
"pDCB"), 3,327 g of NMP and 133 g of water (total water
content in the vessel: 1.50 mol/mol of Na,S) were added,
and 4.1 g of NaOH having a purity of 97% were added in
such a manner that the total amount of NaOH in the vessel

was 5.00 mol%¥ of the available Na,S. Incidentally, NaOH

(1.00 mol) formed by the vaporization of H,S was contained

in the vessel.

While stirring at 250 rpm by a stirrer, the
reactants were reacted at 220°C for 4.5 hours (preliminary
polymerization step). Thereafter, the number of
revolutions of the stirrer was raised to 400 rpm, and
447 g of water were introduced under pressure into the

vessel with stirring (total water content in the vessel:
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2.63 mol/mol of Na,S). After the introduction of water

under pressure, the temperature of the contents was raised
to 255°C to conduct a reaction for 5.0 hours (final
polymerization step).

After completion of the reaction, the reaction
mixture was cooled near to room temperature, and the
contents were sifted through a screen of 100 mesh to
separate a granular polymer. The thus-separated granular
polymer was washed twice with acetone and 3 times with
water, thereby obtaining a washed polymer. This washed
polymer was immersed in a 2% aqueous solution of ammonium
chloride to treat the polymer at 40°C for 40 minutes and
then washed with water. The resultant granular polymer
was dried at 105°C for 3 hours. The yield of the granular

polymer thus obtained was 85%, and its melt viscosity was

51 Pa-s.

Comparative Example 1b:

Dehydration and polymerization were conducted in the
same manner as in Comparative Example la except that after
the dehydration step, 3,439 g of pDCB were added in such a
manner that a molar ratio of pDCB/Na,S was 1.04 on the
basis of the charged amount of sodium sulfide. In this
case, HyS in an amount corresponding to 2.22 mol% of the
charged amount of Na,S was vaporized off in the
dehydration step, and so a substantial molar ratio of
pDCB/Na,S in the reaction vessel was 1.06 (more

accurately, 1.064) at the time the polymerization reaction
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was started. After completion of the polymerization, the
formed product was treated in the same manner as described
above to collect a granular polymer. The melt viscosity
of the polymer thus collected was 21 Pass.

A comparison between Comparative Example la and
Comparative Example 1lb revealed that a polymer whose melt
viscosity is almost near to the intended value éan be
obtained when the amount of hydrogen sulfide vaporized off
i1s exactly determined after the dehydration step to
control the molar ratio of pDCB/Na,S (Comparative Example
la), while a polymer whose melt viscosity is decreased to
a great extent 1s provided when the molar ratio of
pDCB/Na,S 1s preset on the basis of the charged amount of

sodium sulfide without determining the amount of hydrogen
sulfide vaporized off (Comparative Example 1b).

[Example 1]

Polymerization example where hydrogen sulfide

vaporized off during a dehvdration step was recvcled:

Example la:

A 20-liter autoclave was equipped with a Snyder's
column of 3 cm in diameter, 90 cm in length and 10 stages.
Further, a condenser was connected to the upper part of
the Snyder's column so as to collect a distillate cooled
by this condenser in a three-necked flask through a rubber
tube (line). The three-necked flask was provided with a
condenser and a gas line. The gas line from the three-

necked flask was connected to a gas absorber (A) charged
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with 541 g of NMP, and a gas line from the gas absorber

(A) was connected to a gas absorber (B) charged with 500 g

of a 10% aqueous solution of NaOH so as to finally
discharge the gas passed through the gas absorber (B) into
the air. Incidentally, the reason why the three-necked
flask equipped with the condenser was used in this
experiment is that when the distillate is reflexed, the
content of hydrogen sulfide in the distillate can be
reduced, and the amount of hydrogen sulfide absorbed in
the gas absorber (A) can be increased. However, the
distillate was not refluxed in Example la.

Operation was conducted in the same manner as in
Comparative Example la except that this reaction apparatus
was used, 30 g of 97% NaOH were added to the 20-liter
autoclave, and the charged amount of NMP was changed from
6,000 g to 5,000 g, thereby performing dehydration over
3.5 hours. It was confirmed that the temperature at the
upper part of the condenser was about 100°C during the
dehydration, bubbles were formed in the individual gas
absorbers, and the color of the solution in the gas

absorber (A) charged with NMP changed from transparent

water-whiteness to dark green and then yellow.

The distillate collected in the three-necked flask
contained 1,454 g of water and 0.1 mol (25% of the whole
H,S vaporized off) of H,S (containing substantially 0 g of

NMP). The solution in the gas absorber (A) charged with

NMP contained 0.28 mol (75% of the whole H,S vaporized
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off) of H,S. No H,S was detected in the solution in the
gas absorber (B) charged with the aqueous solution of
NaOH.

After the dehydration step described above, the
reaction vessel was cooled down to 150°C, and the whole
amount of the NMP solution, in which H,S had been
absorbed, in the gas absorber (A) was then recycled to the
reaction vessel. As a result, the amount of the available
sulfur existing in the reaction vessel was recovered to
22.39 mol. Therefore, loss of H,S was 0.44 mol% of the
charged amount of Na,S. Since the H,S recycled to the
reaction vessel reacts to NaOH in the reaction vessel into
Na,S, the amount of the available Na,S amounts to 22.39
mol. Added to the reaction vessel\were 3,424 g (1.04
mol/mol of Na,S) of pDCB, 2,857 g of NMP, 18 g of water
(total water content in the vessel: 1.50 mol/mole of Na,S)
and 7.9 g of 97% NaOH, so as to give the same composition
as 1n Compérative Example la. The total amount of NaOH
(including NaOH formed by the vaporization of H,S) in the
vessel amounts to 5.00 mol% of the available Na,S.
Incidentally, the total water content in the vessel
includes the amount of water formed by the reaction of H,S
with NaOH.

While stirring at 250 rpm by a stirrer, the
reactants were reacted at 220°C for 4.5 hours (preliminary

polymerization step). Thereafter, the number of

revolutions of the stirrer was raised to 400 rpm, and
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456 g of water were introduced under pressure into the
vessel with stirring (total water content in the vessel:
2.63 mol/mol of Na,S), and the temperature of the contents
was raised to 255°C to conduct a reaction for 5.0 hours
(final polymerization step). Thereafter, the resultant
reaction mixture was treated in the same manner as in
Comparative Example la, thereby collecting a granular

polymer. The yield of the granular polymer thus obtained

was 91%, and its melt viscosity was 41 Pa.s.

Example 1b:

Dehydration and polymerization were conducted in the
same manner as in Example la except that after the
dehydration step, 3,439 g of pDCB were added in such a
manner that a molar ratio of pDCB/Na,S was 1.04 on the
basis of the charged amount of sodium sulfide. In this
case, H,S vaporized off in the dehydration step was
recovered and recycled, so that H,S was lost only in an
amount corresponding to 0.44 mol% of the charged amount of
Na;S. Accordingly, a substantial molar ratio of pDCB/Na,S
in the reaction vessel was 1.04 (more accurately, 1.045)
at the time the polymerization reaction was started.

After completion of the polymerization, the formed product
was treated in the same manner as described above to
collect a granular polymer. The melt viscosity of the
polymer thus collected was 38 Pa-s.

Therefore, when the hydrogen sulfide vaporized off

in the dehydration step is recovered to recycle to the
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polymerization reaction system according to the process of

the present invention, a polymer whose melt viscosity is
almost near to the intended value can be obtained without

precisely determining the amount of hydrogen sulfide

vaporized off at the time of the dehydration step.

[Example 2]

Polymerization example where hydrogen sulfide

vaporized off during a dehydration step was recycled:

The same apparatus as in Example 1 except that a
circulating packed column packed with Raschig rings was
used as a gas absorption column (C) for absorbing H,S in
place of the gas absorber (A) was used. The gas
absorption column (C) had a diameter of 2 cm and a length
of 40 cm, and the gross area of the packing was 0.117 m?.
Gas absorbing NMP was used in an amount of 1,346 g and
circulated at a rate of 5.8 liter/hr by a common pump.

Operation was conducted 1n the same manner as 1in
Comparative Example la except that this reaction apparatus
was used, 30 g of 97% NaOH were added to the 20-liter
autoclave, and the charged amount of NMP was changed from
6,000 g to 4,600 g, thereby performing dehydration over
3.5 hours. The distillate collected in the three-necked
flask contained 1,459 g of water and 0.07 mol (17% of the
whole H,S vaporized off) of H,S (containing substantially
0 g of NMP). The gas absorbing solution in the gas
absorption column (C) contained 0.34 mol (83% of the whole

H,S vaporized off) of H,S. No H,S was detected in the
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solution in the gas absorber (B) charged with the aqueous
solution of NaOH.

After the dehydration step described above, the
reaction vessel was cooled down to 150°C, and the whole
amount of the NMP solution, in which H,S had been
absorbed, in the gas absorption column (C) was then
recycled to the reaction vessel. As a result, the amount
of the available sulfur existing in the reaction vessel
was recovered to 22.42 mol. Therefore, loss of H,S was
0.31 mol% of the charged amount of Na,;S. Since the H,S
recycled to the reaction vessel reacts to NaOH in the
reaction vessel into Na,S, the amount of the available
Na,S amounts to 22.42 mol. Added to the reaction vessel
were 3,424 g (1.04 mol/mol of Na,S) of pDCB, 2,462 g of
NMP, 23 g of water (total water content in the vessel:
1.50 mol/mole of Na,S) and 10.2 g of 97% NaOH, so as to
give the same composition as in Comparative Example 1la.
The total amount of NaOH in the vessel amounts to 5.00
mol% of the available Na,S.

While stirring at 250 rpm by a stirrer, the
reactants were reacted at 220°C for 4.5 hours (preliminary
polymerization step). Thereafter, the number of
revolutions of the stirrer was raised to 400 rpm, and
456 g of water were introduced under pressure into the
vessel with stirring (total water content in the vessel:

2.63 mol/mol of Na,S), and the temperature of the contents

was raised to 255°C to conduct a reaction for 5.0 hours
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(final polymerization step). Thereafter, the resultant

reaction mixture was treated in the same manner as in
Comparative Example la, thereby collecting a granular
polymer. The yield of the granular polymer thus obtained
was 88%, and its melt viscosity was 47 Pa.s.

Accordingly, it was revealed that even when the
method for absorbing hydrogen sulfide is changed, the
yield and melt viscosity of the resulting polymer remain

substantially unchanged.

[Comparative Example 2]

Polymerization example where hydrogen sulfide
vaporized off during a dehydration step was not recycled:

Comparative Example 2a:

A dehydration step was performed in the same manner
as in Comparative Example la except that the reaction
vessel was charged with 3,600 g of sodium sulfide

pentahydrate containing 46.14 wt.% of Na,S and 6,000 g of
NMP, and the dehydration time was changed to 4.0 hours.
As a result, 1,440 g of water, 1,074 g NMP and 0.45 mol of

hydrogen sulfide were distilled off. The available Na,S

in the vessel was reduced to 20.83 mol. Therefore, loss
of HyS was 2.11 mol% of the charged amount of Na,S.
After the dehydration step described above, the
reaction vessel containing 20.83 mol of the available Na,S
was cooled down to 150°C, and 3,124 g (1.02 mol/mol of
Na,S) of pDCB, 3,407 g of NMP and 78 g of water (total

water content in the vessel: 1.50 mol/mol of Na,S) were
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added, and 5.8 g of NaOH having a purity of 97% were added
in such a manner that the total amount of NaOH in the
vessel was 5.00 mol% of the available Na,S. Incidentally,
NaOH (0.90 mol) formed by the vaporization of H,S was
contained in the vessel.

While stirring at 250 rpm by a stirrer, the
reactants were reacted at 220°C for 4.5 hours (preliminary

polymerization step). Thereafter, the number of
revolutions of the stirrer was raised to 400 rpm, and

488 g of water were introduced under pressure into the
vessel with stirring (total water content in the vessel:
2.79 mol/mol of Na,S). The temperature of the contents
was raised to 255°C to conduct a reaction for 5.0 hours
(final polymefization step). After completion of the
reaction, the formed product was treated in the same
manner as 1in Comparative Example la to collect a granular
polymer. The yield of the granular polymer was 87%, and

its melt viscosity was 107 Pa.s.

Comparative Example 2b:

This Comparative Example 2b describes an example
where when the dehydration conditions are changed, the
yield and physical properties of the resulting polymer
vary compared with Comparative Example 2a.

A dehydration step was performed in the same manner

as in Comparative Example 2a except that the dehydration

time was changed from 4.0 hours to 2.5 hours. As a

result, 1,475 g of water, 1,156 g NMP and 0.37 mol of
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hydrogen sulfide were distilled off. The available Na,S

1n the vessel was reduced to 20.91 mol. Therefore, loss

of H,S was 1.74 mol% of the charged amount of Na,S.

After the dehydration step described above, the
reaction vessel was cooled down to 150°C, and 3,124 g of
pDCB, 3,407 g of NMP, 78 g of water and 5.8 g of 97% NaOH,
which were exactly the same weights as the respective

components in Comparative Example 2a, were then added in

disregard of the amount of the available Na,S in the
vessel. The subsequent polymerization reaction was also
conducted in the same manner as in Comparative Example 2a.
After completion of the reaction, the formed product was
treated in the same manner as in Comparative Example 2a to
collect a granular polymer. The yield of the granular
polymer was 85%, and 1ts melt viscosity was 121 Pa.s.

The comparative results between Comparative Example

2a and Comparative Example 2b show that when the hydrogen
sulfide vaporized off during the dehydration step is not
recycled, the melt viscosity of the resulting polymer

greatly varies with a slight difference in reaction
conditions.
[Example 3]

Polymerization example where hydrogen sulfide

vaporized off during a dehyvdration step was recvcled:

Example 3a:

A dehydration step was performed in the same manner

as i1n Example la except that 3,600 g of sodium sulfide
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pentahydrate containing 46.14 wt.% of Na,S and 4,100 g of
NMP were used, 30 g of 97% NaOH were added, and the
dehydration time was changed to 4.0 hours. The distillate
collected in the three-necked flask contained 1,397 g of
water and 0.1 mol (26% of the whole H,S vaporized off) of
H,S (containing substantially 0 g of NMP). The solution
in the gas absorber (A) charged with 503 g of NMP
contained 0.29 mol (74% of the whole H,S vaporized off) of
H,S. No H,S was detected 1n the solution in the gas
absorber (B) charged with the aqueous solution of NaOH.
After the dehydration step described above, the
reaction vessel was cooled down to 150°C, and the whole
amount of the NMP solution, in which H,S had been
absorbed, 1n the gas absorber (A) was then recycled to the
reaction vessel. As a result, the amount of the available
sulfur existing in the reaction vessel was recovered to
21.18 mol. Therefore, loss of H,S was 0.47 mol% of the
charged amount of Na,S. Since the H,S recycled to the
reaction vessel reacts to NaOH in the reaction vessel into
Na,S, the amount of the available Na,S amounts to 21.18
mol. Added to the reaction vessel were 3,177 g (1.02
mol/mol of Na,S) of pDCB, 3,870 g of NMP, 34 g of water
(total water content in the vessel: 1.50 mol/mole of Na,S)
and 5.4 g of 97% NaOH, so as to give the same composition
as in Comparative Example 2a. The total amount of NaOH in

the vessel amounts to 5.10 mol% of the available Na,S.

While stirring at 250 rpm by a stirrer, the
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reactants were reacted at 220°C for 4.5 hours (preliminary
polymerization step). Thereafter, the number of
revolutions of the stirrer was raised to 400 rpm, and

496 g of water were introduced under pressure into the

vessel with stirring (total water content in the vessel:
2.80 mol/mol of Na,S), and the temperature of the contents

was raised to 255°C to conduct a reaction for 5.0 hours

(final polymerization step). Thereafter, the resultant
reaction mixture was treated in the same manner as in
Comparative Example 2a, thereby collecting a granular

polymer. The yield of the granular polymer thus obtained

was 91%, and its melt viscosity was 114 Pa.s.

Example 3b:

This Example 3b describes an example where even when
the dehydration conditions are changed, the yield and
physical properties of the resulting polymer scarcely vary
compared with Example 3a.

A dehydration étep was performed in the same manner
as 1n Example 3a except that the dehydration time was
changed to 2.5 houré. As a result, the distillate
collected in the three-necked flask contained 1,405 g of
water and 0.095 mol (25% of the whole H,S vaporized off)
of H,S (containing substantially 0 g of NMP). The
éolution in the gas absorber (A) charged with NMP
contained 0.29 mol (75% of the whole H,S vaporized off) of
H,S. No H,S was detected in the solution in the gas

absorber (B) charged with the aqueous solution of NaOH.
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After the dehydration step described above, the
reaction vessel was cooled down to 150°C, and the whole
amount of the NMP solution, in which H,S had been
absorbed, 1n the gas absorber (A) was then recycled to the
reaction vessel. As a result, the amount of the available
sulfur existing in the reaction vessel was recovered to
21.19 mol. Therefore, loss of H,S was 0.45 mol% of the
charged amount of Na,S. Since the H,S recycled to the
reaction vessel reacts to NaOH in the reaction vessel into
Na,S, the amount of the available Na,S amounts to 21.19
mol. In disregard of the amount of the available Na,S in
the vessel, 3,177 g of pDCB, 3,870 g of NMP, 34 g of water
and 5.4 g of 97% NaOH, which were exactly the same weights
as the respective components in Example 3a, were then
added. The subsequent polymerization reaction was also
conducted in the same manner as in Example 3a. After
completion of the reaction, the formed product was treated
in the same manner as in Example 3a to collect a granular
polymer. The yield of the granular polymer was 90%, and
its melt viscosity was 117 Pa.s.

The comparative results between Example 3a and
Example 3b show that when the hydrogen sulfide vaporized
off during the dehydration step is recycled, the yield and
melt viscosity of the resulting polymer scarcely vary with
a difference in the dehydration conditions.

[Comparative Example 3]

Polymerization example where hydrogen sulfide



10

15

20

25

2197586

- 40 -

vaporized off during a dehydration step was not recvcled:
Comparative Example 3a:

A dehydration step was performed in the same manner
as 1n Comparative Example la except that 3,600 g of sodium

sulfide pentahydrate containing 46.15 wt.$% of Na,S and

6,700 g of NMP were used, and 20 g of 97% NaOH were added.
As a result, 1,442 g of water, 1,074 g NMP and 0.48 mol of
hydrogen sulfide were distilled off. The available Na,S
in the vessel was reduced to 20.81 mol, and loss of H5S
was 2.25 mol% of the charged amount of Na,S.

After the dehydration step described above, the
reaction vessel containing 20.81 mol of the available Na,S
was cooled down to 150°C, and 3,089 g (1.01 mol/mol of
Na,S) of pDCB, 2,697 g of NMP, 83 g of water (total water
content in the vessel: 1.50 mol/mol of Na,S) and 4.8 g of
97% NaOH were then added. The total amount of NaOH in the
vessel was 7.50 mol% of the available Na,S.

While stirring at 250 rpm by a stirrer, the
temperature of the contents was continuously raised from

220°C to 260°C over 1.5 hours to react the reactants

(preliminary polymerization step). Thereafter, the number

of revolutions of the stirrer was raised to 400 rpm, 487 g
of water were introduced under pressure into the vessel
with stirring (total water content in the vessel: 2.80
mol/mol of Na,S), and the temperature of the contents was

raised to 260°C to conduct a reaction for 5.0 hours (final

polymerization step). After completion of the reaction,
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the formed product was treated in the same manner as in
Comparative Example la to collect a granular polymer. The
yield of the granular polymer was 83%, and its melt

viscoslity was 216 Pa.s.

Comparative Example 3b:

Dehydration and polymerization were conducted in the

same manner as in Comparative Example 3a except that after
the dehydration step, 3,160 g of pDCB were added in such a
manner that a molar ratio of pDCB/Na,S was 1.01 on the
basis of the charged amount of sodium sulfide. In this
case, H,S 1n an amount corresponding to 2.25 mol% of the
charged amount of Na,S was vaporized off in the
dehydration step, and so a substantial molar ratio of
pDCB/Na,S 1n the reaction vessel was 1.03 (more
accurately, 1.033) at the time the polymerization reaction

was started. After completion of the polymerization, the
formed product was treated in the same manner as described
above to collect a granular polymer. The melt viscosity
of the polymer thus collected was 108 Pa.s.

A comparison between Comparative Example 3a and .
Comparative Example 3b revealed that a polymer whose melt
viscosity is almost near to the intended value can be
obtained when the amount of hydrogen sulfide vaporized off
is exactly determined after the dehydration step to
control the molar ratio of pDCB/Na,S (Comparative Example

3a), while a polymer whose melt viscosity is decreased to

a great extent 1is provided when the molar ratio of
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pDCB/Na,S 1s preset on the basis of the charged amount of

sodium sulfide without determining the amount of hydrogen

sulfide vaporized off (Comparative Example 3b).

[Example 4]

Polymerization example where hydrogen sulfide

vaporized off during a dehvdration step was recvcled:

Example 4a:
A dehydration step was performed in the same manner

as in Example la except that 3,600 g of sodium sulfide
pentahydrate containing 46.15 wt.% of Na,S and 4,400 g of
NMP were used, and 50 g of 97% NaOH were added. The
distillate collected in the three-necked flask contained
1,375 g of water and 0.11 mol (24% of the whole H,S
vaporized off) of H,S (containing substantially 0 g of
NMP). The solution in the gas absorber (A) charged with
807 g of NMP contained 0.34 mol (76% of the whole H,S
vaporized off) of H,S. No H,S was detected in the
solution in the gas absorber (B) charged with the aqueoﬁs
solution of NaOH.

After the dehydration step described above, the
reaction vessel was cooled down to 150°C, and the whole
amount of the NMP solution, in which H,S had been
absorbed, in the gas absorber (A) was then recycled to the
reaction vessel. As a result, the amount of the available
sulfur existing in the reaction vessel was recovered to
21.18 mol. Therefore, loss of H,S was 0.52 mol% of the

charged amount of Na,S. Since the H,S recycled to the
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reaction vessel reacts to NaOH in the reaction vessel into
Na,S, the amount of the available Na,S amounts to 21.18
mol. Added to the reaction vessel were 3,144 g (1.01
mol/mol of Na,S) df pDCB, 3,264 g of NMP, 12 g of water
(total water content in the vessel: 1.50 mol/mole of Na,S)
and 6.4 g of 97% NaOH, so as to give the same
polymerization reaction composition as in Comparative
Example 3a. The total amount of NaOH in the vessel
amounts to 7.50 mol% of the available Na,S.

While stirring at 250 rpm by a stirrer, the
temperature of the contents was continuously raised from
220°C to 260°C over 1.5 hours to react the reactants
(preliminary polymerization step). Thereafter, the number
of revolutions of the stirrer was raised to 400 rpm, 496 g
of water were introduced under pressure into the vessel
with stirring (total water content in the vessel: 2.80
mol/mol of Na,S), and the temperature of the contents was
raised to 260°C to conduct a reaction for 5.0 hours (final
polymerization step). After completion of the reaction,
the formed product was treated in the same manner as in
Comparative Example 3a to collect a granular polymer. The

yield of the granular polymer was 86%, and its melt

viscosity was 195 Pa.s.

Example 4b:

Dehydration and polymerization were conducted in the

same manner as in Example 4a except that after the

dehydration step, 3,160 g of pDCB were added in such a
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manner that a molar ratio of pDCB/Na,S was 1.01 on the
basis of the charged amount of sodium sulfide. In this
case, H,S vaporized off in the dehydration step was
recovered and recycled, so that H,S was lost only in an
amount corresponding to 0.52 mol% of the charged amount of
Na,S. Accordingly, a substantial molar ratio of pDCB/Na,S
in the reaction vessel was 1.02 (more accurately, 1.015)

at the time the polymerization reaction was started.

After completion of the polymerization, the formed product
was treated in the same manner as described above to
collect a granular polymer. The melt viscosity of the
polymer thus collected was 183 Pa.s.

Therefore, when the hydrogen sulfide vaporized off
in the dehydration step is recovered and recycled to the
polymerization reaction system according to the process of
the present invention, a polymer whose melt viscosity is
almost near to the intended value can be provided without
precisely determining the amount of hydrogen sulfide
vaporized off at the time of the dehydration step.
[Example 5]

Polymerization example where only H,S absorbed in
NMP was used as a sulfur source:

A dehydration step was performed in the same manner
as 1n Example la except that 3,800 g of sodium sulfide
pentahydrate containing 46.14 wt.% of Na,S and 4,000 g of
NMP were used. As a result, the solution in the gas

absorber (A) charged with 418 g of NMP contained 0.50 mol
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of H,S. Loss of H,S was 2.23 mol% of the charged amount
of Na,S.

This gas-absorbed solution was charged into a 1-
liter autoclave, and 42.8 g (1.04 mol) of NaOH and 76.44 g
(0.52 mol) of pDCB were then added. Since water formed by
the reaction of H,S with NaOH was contained in the vessel,
the total water content in the vessel was 2.00 mol/mol of
Na,S.

While stirring at 250 rpm by a stirrer, the
reactants were reacted at 220°C for 4.5 hours (preliminary
polymerization step). Thereafter, the number of
revolutions of the stirrer was raised to 400 rpm, and 31 g
of water were introduced under pressure into the vessel
with stirring (total water content in the vessel: 5.44
mol/mol of NaZS); and the temperature of the contents was
raised to 255°C to conduct a reaction for 5.0 hours (final
polymerization step). Thereafter, the resultant reaction
mixture was treated in the same manner as in Comparative
Example la, thereby collecting a granular polymer. The
yield of the granular polymer thus obtained was 86%, and
its melt viscosity was 136 Pa.s.

These reaction conditions and results are shown

collectively in Table 1.
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Claims:

1. A process for producing a poly(arylene sulfide),
comprising a dehydration step of heating and dehydrating a
mixture containing an organic amide solvent (a), an alkali
metal sulfide and water to control a water content in the
mixture and a subsequent polymerization step of subjecting
the alkali metal sulfide and a dihalo-aromatic compound to
a polymerization reaction in the organic amide solvent
(a), wherein hydrogen sulfide vaporized off during the
dehydration step is absorbed in another organic amide
solvent (b) outside'a system in which the dehydration step
is carried out, thereby recovering it, and the hydrogen
sulfide thus recovered 1s reused 1n the polymerization

reaction as a raw material for the alkali metal sulfide.

2. The process according to claim 1, wherein the
amount of the organic amide solvent (a) to be used is in a
proportion ranging from 0.1 to 10 kg per mol of the alkali

metal sulfide charged.

3. The process according to claim 1, wherein
dehydration 1s conducted i1n the dehydration step until the

water content is reduced to a range of 0.3-5 mol per mol

of the alkali metal sulfide.

4. The process according to claim 1, wherein the
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mixture containing an organic amide solvent (a), an alkali
metal sulfide and water 1s heated in a temperature range
of 60-280°C for 15 minutes to 24 hours in the dehydration

step to dehydrate the mixture.

5. The process according to claim 1, wherein the

organic amide solvent (a) is at least one selected from
the group consisting of N-alkylpyrrolidone compounds, N-
cycloalkylpyrrolidone compounds, N-alkylcaprolactam

compounds and N,N-dialkylimidazolidinone compounds.

6. The process according to claim 1, wherein the
organic amide solvent (b) absorbing hydrogen sulfide
therein is the same as the organic amide solvent (a) used

in the dehydration step and the polymerization step.

7. The process according to claim 1, wherein in the
step of recovering the hydrogen sulfide vaporized off in
the dehydration step, (i) the discharged matter from the
dehydration step out of the system is cooled to separate
into a distillate mainly containing water or an azeotropic
mixture of water and the organic amide solvent (a), and a
hydrogen sulfide gas, and (ii) the hydrogen sulfide gas
separated 1s absorbed in the organic amide solvent (b)

outside the system in which the dehydration step is

carried out, thereby recovering it.
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8. The process according to claim 1, wherein the
amount of the organic amide solvent (b) to be used is a
sufficient amount to absorb the whole amount of the

hydrogen sulfide vaporized off in the dehydration step.

9. The process according to claim 8, wherein the
amount of the organic amide solvent (b) to be used is in a

proportion ranging from 0.1 to 30 kg per mol of the

hydrogen sulfide vaporized off in the dehydration step.

10. The process according to claim 1, wherein the
hydrogen sulfide vaporized off in the dehydration step is
absorbed 1n the organic amide solvent (b) at an absorption
temperature of 0-200°C and an absorption pressure ranging
from ordinary pressure to 1 MPa outside the system in

which the dehydration step 1s carried out.

11. The process according to claim 1, wherein the
absorption of the hydrogen sulfide vaporized off in the
dehydration step in the organic amide solvent (b) is
performed in an absorption tank containing the organic

amide solvent (b).

12. The process according to claim 11, wherein the
absorption tank is a packed column equipped with a
circulating pump, a liquid-charging type gas absorber or a

bubbling type gas absorber.
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1 13. The process according to claim 1, wherein in the

N

step of reusing the hydrogen sulfide recovered in the

3 polymerization reaction as a raw material for the alkali
metal sulfide, the organic amide solvent (b), in which the
hydrogen sulfide has been absorbed, is recycled to a

dehydration apparatus, in which the dehydration is being

carried out, in the course of the operation of the

@ N 0 O &

dehydration step.

1 14. The process according to claim 1, wherein in the
2 step of reusing the hydrogen sulfide recovered in the

3 polymerization reaction as a raw material for the alkali

4 metal sulfide, the organic amide solvent (b), in which the
5 hydrogen sulfide has been absorbed, 1is recycled to a

6 dehydration apparatus, in which the dehydration has been

7 carried out, at the time the dehydration step has been

8 completed.

1 15. The process according to claim 1, wherein in the
2 step of reusing the hydrogen sulfide recovered in the

3 polymerization reaction as a raw material for the alkali

4 metal sulfide, the organic amide solvent (b), in which the
5 hydrogen sulfide has been absorbed, is recycled to a

6 polymerization apparatus at the time the polymerization

7 reaction is started or in the course of the polymerization

8 reaction in the subsequent polymerizatibn step.
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16. The process according to claim 1, wherein in the
step of reusing the hydrogen sulfide recovered in the
polymerization reaction as a raw material for the alkali
metal sulfide, the organic amide solvent (b), in which the
hydrogen sulfide has been absorbed, is recycled to a
dehydration sfep or polymerization step on and after the

next batch.

17. The process according to claim 1, wherein in the
step of reusing the hydrogen sulfide recovered in the
polymerization reaction as a raw material for the alkali
metal sulfide, the organic amide solvent (b), in which the

hydrogen sulfide has been absdrbed, 1s reused in a fresh

polymerization reaction.

18. The process according to claim 1, wherein the

poly(arylene sulfide) is poly(phenylene sulfide).

19. The process according to claim 1, wherein the
amount of the dihalo-aromatic compound to be used is in a

proportion ranging from 0.9 to 1.5 mol per mol of the

alkalli metal sulfide charged.
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