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ABSTRACT

A meta-type wholly aromatic polyamide containing, as
principal repeating units, meta-phenylenediamine
1sophthalamide units is dissolved in an amide compound
solvent; the resultant polymer solution is subjected to a
wet-spinning procedure wherein the polymer solution is
extruded 1n the form of filamentary streams into a
coagulation bath containing an amide compound-containing

solvent 1n a concentration of 40 to 70% by weight and having

a temperature of 30 to 90°C, and water but substantially not
containing salts, through spinning orifices of a spinneret,

to coagulate the extruded filamentary polymer solution

streams 1n the coagulation bath and to form coagulated

porous undrawn filaments having a bulk density controlled to
0.3 to 1.0 g/cm’; the coagulated porous undrawn filaments are
subjected to a drawing procedure wherein the porous undrawn
filaments are drawn 1n a plasticizing drawing bath
containing an aqueous solution of an amide compound solvent
1n a concentration of 20 to 70% by weight and having a
temperature of 20 to 90°C; the resultant drawn filaments are
washed with water, and the heat-treated (for example,

further drawn at a draw ratio of 0.7 to 4.0 while being
heated at a temperature of 250 to 400°C), to provide uniform

and dense meta-type wholly aromatic polyamide fibers.
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SPECIFICATION

META-TYPE WHOLLY AROMATIC POLYAMIDE FILAMENTS
AND PROCESS FOR PRODUCING SAME

TECHNICAL FIELD

The present invention relates to a process for
producing meta-type wholly aromatic polyamide filaments
comprising, as principal repeating units,
metaphenylenediamineisophthalamide units and having good
mechanical properties and heat resistance, with high
productivity, and wholly aromatic polyamide filaments

produced by the process.

BACKGROUND ART
It is well known that wholly aromatic polyamides

produced by poly-condensing aromatic diamines with
aromatic dicarboxylic acid dichloride exhibit excellent
heat resistance and flame-~retardance. Also, 1t 1s known
that the above-mentioned wholly aromatic polyamides are
soluble 1n amide compound solvents and that from the
solution of the polymer dissolved in the solvent,
filaments can be produced by a dry-spinning, a wet-
spilnning or a semidry-semiwet-spinning method.

Among the above-mentioned wholly aromatic
polyamides, meta-type wholly aromatic polyamides, which
will be referred to as meta-aramids hereinafter and a
representative of which is
polymetaphenyleneisophthalamide, are used for producing
filaments which are useful as heat-resistant, flame-
retardant filaments. It 1s known that the above-
mentioned heat resistant, flame retardant meta-aramid

filaments are industrially produced by the methods (a)
and (b) indicated below.

(2) A method in which a solution of
polymetaphenyleneisophthalamide is prepared by subjecting
metaphenylenediamine and isophthalic acid chloride to a
low-temperature solution polymerization procedure in N,N-
dimethylacetamide; hydrochloric acid contained, as a by-
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product, 1n the resultant polymer solution is neutralized
with calcium hydroxide; the polymer solution containing
the produced calcium chloride is subjected to a dry-
spinning procedure to produce polymetaphenylenediamine
isophthalamide filaments. (Japanese Examined Patent

Publication No. 35-14,399, U.S. Patent No. 3,360,595)

(b) A method in which a polymerization reaction
system prepared by poly-condensing a meta-
phenylenediamine salt and isdphthalic acid chloride 1is
brought into contact with and mixed with an aqueous
ligquid system comprising an organic solvent (for example,
tetrahydrofuran) which 1s not a good solvent for the
target polyamide, an 1norganic acid-acceptor and a water-
soluble neutral salt, to produce particles of
polymetaphenyleneisophthalamide; the polymer particles
are separated from the mixture system (Japanese Examined
Patent Publication No. 47-10,863); the separated polymer
particles are dissolved in an amide compound solvent; and
the resultant polymer solution is subjected to a wet-
spinning procedure in an agqueous coagulation bath
containing an 1norganic salt (Japanese Examined Patent

Publication No. 48-17,551)
Beside the above-mentioned methods (a) and (b), the

following methods (c) to (f) have been proposed as
methods of producing meta-aramid filaments.

(c) A method in which a solution of a meta-aramid
prepared by dissolving a meta-aramid produced by a
solution polymerization method in an amide compound
solvent and not containing inorganic salts or containing
a small amount (2 to 3%) of lithium chloride, 1is
subjected to a wet-shaping procedure to produce shaped
articles, for example, filaments. (Japanese Examined
Patent Publication No. 50-52,167)

(d) A method in which a meta-aramid solution
produced by a solution polymerization in an amide
compound solvent 1s neutralized with calcium hydroxide or

calcium oxide; the resultant meta-aramid polymer solution
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containing calcium chloride and water is extruded into a

gas atmosphere through orifices; the extruded filamentary

polymer solution streams are passed through a gas
atmosphere and introduced into an aqueous coagulation
bath to coagulate the polymer solution streams into solid
filament form; the coagulated filamentary products are
passed through an aqueous solution of an inorganic salt,
for example, calcium chloride, to produce meta-aramid

filaments. (Japanese Unexamined Patent Publication

No. 56-31,009)
(e) A method in which a meta-aramid solution

produced by a solution polymerization in an amide
compound solvent 1is neutralized with calcium hydroxide or
calcium oxide; the resultant meta-aramid polymer solution
containing calcium chloride and water is subjected to a
wet spinning procedure, through spinning orifices, in an
agueous coagulation bath containing calcium chloride in a
high concentration, to form filaments. (Japanese
Unexamined Patent Publications No. 8-074,121 and

No. 10-88,421)
(f) A method in which a solution of a meta-aramid

containing an inorganic salt is extruded in the form of
fllamentary streams into a spinning chimney having a high
temperature; immediately after the resultant meta-aramid
filaments are withdrawn from spinning chimney, the
filaments are cooled with a low temperature agqueous
solution to cause the filaments to be swollen with water;
the water-swollen meta-aramide filaments are drawn in an
agueous drawing bath containing a salt capable of
plasticizing the filaments, to thereby produce easy-
dyeable porous filaments having a plurality of very fine
pores and exhibiting a bulk density of 1.3 or less.
(Japanese Examined Patent Publication No. 52-43,930)

The above-mentioned method (a) is advantageous in
that a polymer solution (a material solution for a
spinning procedure) for a spinning procedure can be
prepared without isolating the polymer from the
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polymerization system, but disadvantageous in that,
because a dry-spinning procedure using an amide compound
solvent having a high boiling temperature is employed, a
necessary production cost 1is high and the stability of

5 the spinning procedure 1s significantly decreased with an

increase in the number of the spinning orifices per
spinneret. Also, when the polymer solution is wet-spun
1n an aqueous coagulation bath, only filaments which are
opagque and have a low mechanical strength may be

10 obtained. Thus, there are many difficulties in the
method in which the meta-aramid polymer solution obtained
by the solution polymerization is subjected to a wet-
spinning procedure using a agueous coagulation bath, and
therefore, this wet-spinning method has not yet been

15 utilized in industry.

On the other hand, in the methods (b) and (c),
although the problems occurring in the method (a) can be
avolided, the resultant filaments are unsatisfactory in
the structural density of the filaments.

20 Also, in the method (d), in the spinning procedure
in which the polymer solution is extruded through a
spinneret into the air, the stability'of the spinning
procedure 1s significantly decreased with an increase in
the number of the orifices per spinneret, and thus this

25 method has low productivity and efficiency.

Further, in the method (e), there is a problem such
that although the resultant filaments exhibit good
properties, 1t is difficult to carry out the method (e)
at a high spinning rate, and thus the productivity of the

30 method (e) is low.

The method (f) is utilized to produce porous
filaments having a bulk density significantly less than
l1.3. However, the method (f) is a variation of the dry-
spinning method and thus has the same problems as those

35 of the dry-spinning method.

Meta-aramid filaments can be used for electronic
materials in which the excellent heat resistance and
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insulation property of the filaments are utilized. 1In
this case, to employ the filaments for the electronic
materials, the contamination of ionic substances in the
filaments must be as low as possible, and if possible,
the filaments preferably contain no inorganic ionic
substances. However, in the conventional production
processes, 1t 1s unavoidable that, in the filament-
forming procedures, the polymer solution and the
coagulation bath contains salts, for example, calcium
chloride or lithium chloride which have high affinities
to the polymer dope and is easily soluble in the polymer
dope, 1n a high concentration. Therefore, there is a
problem such that contamination of the resultant
filaments with a large amount of salts cannot be
prevented. To remove the salts from the filaments, a
large scale of water-washing procedure must be applied to
the filaments, and even when this is applied, it is very
difficult to completely remove the salts from the

filaments.
Accordingly, a development of a new process capable

of producing meta-aramid filaments having satisfactory

filament properties in practice and, if necessary,
containing no salts, with high productivity, is required.
DISCLOSURE OF THE INVENTION

The principal object of the present invention is to
provide a new process for producing meta-aramid filaments
exhibiting excellent mechanical properties and thermal
properties, having a dense structure and optionally
containing no salts, with high productivity, with an
industrial advantage, and dense meta-aramid filaments

produced by the process.
The process of the present invention for producing

meta-type wholly aromatic polyamide filaments comprises
the steps of preparing a polymer solution by dissolving a
meta-type wholly aromatic polyamide comprising, as
principal repeating units, metaphenylene diamine
isophthalamide units, in an amide compound solvent:
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subjecting the polymer solution to a wet-spinning procedure
to form undrawn filaments; drawing the undrawn filaments;
washing the resultant drawn filaments with water; and heat-
treating the washed filaments, wherein

(1) 1n the wet-spinning step, the polymer solution is
extruded 1in the form of filamentary streams into a
coagulation bath comprising an amide compound-containing
solvent 1n a concentration of 40 to 70% by weight and having
a temperature of 30 to 90°C and water but substantially not
comprising salts, through spinning orifices of a spinneret,
to coagulate the filamentary polymer solution streams in the
coagulation bath and to form coagulated porous undrawn
filaments, and

(2) 1in the drawing step, the coagulated porous undrawn
filaments are drawn in a plasticizing drawing bath
comprising an aqueous solution of an amide compound solvent
1n a concentration of 20 to 70% by weight and having a
temperature of 20 to 90°C.

In the process of the present invention for producing
meta-type wholly aromatic polyamide filaments, the meta-type
wholly aromatic polyamide preferably contains the repeating
metaphenylenediamine isophthalamide units in a molar amount
of 90 to 100 molar % based on the total molar amount of all
the repeating units.

In the process of the present invention for producing
meta-type wholly aromatic polyamide filaments, the
coagulation bath, used in the wet-spinning step, preferably
contains the amide compound solvent and water in a mixing
welght ratio within the range of from 20/80 to 70/20.

In the wet-spinning step of the process of the present
invention for producing meta-type wholly aromatic polyamide
filaments, the bulk density of the resultant coagulated
porous undrawn filaments i1s controlled to be from 0.3 to
1.0 g/cm’.

In the process of the present invention for producing
meta-type wholly aromatic polyamide filaments, the amide

compound solvent and water in the drawing bath are
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preferably present 1n a mixing weight ratio in the range
from 40/60 to 70/30.

In the drawing step of the process of the present
invention for producing meta-type wholly aromatic polyamide

> filaments, the coagulated porous undrawn filaments are

preferably drawn at a draw ratio of from 1.5 to 10.

In the heat-treating step of the process of the present
invention for producing meta-type wholly aromatic polyamide
filaments, the drawn, water-washed filaments are preferably

10 further drawn at a temperature in the range of from 270 to
400°C at a draw ratio in the range of from 0.7 to 3.0.

In the process of the present invention for producing
meta-type wholly aromatic polyamide filaments, preferably,
the amide compound solvent contained in the polymer solution

15 and the amide compound solvent contained in the coagulation
bath respectively and independently from each other comprise
at least one member selected from the group consisting of N-
methyl-2-pyrrolidone, dimethylacetamide, dimethylformamide
and dimethylimidazolinone.

20 In the process of the present invention for producing
meta-type wholly aromatic polyamide filaments, the heat-
treated filaments preferably have a bulk density of 1.2 or
more.

In the process of the present invention for producing

25 meta-type wholly aromatic polyamide filaments, the total
content of inorganic ionic substances contained in the
polymer solution for the wet-spinning step, is preferably
controlled to 0.1% by weight or less.

In the process of the present invention for producing

30 meta-type wholly aromatic polyamide filaments, the polymer
solution for the wet-spinning step may be prepared by poly-

condensing an aromatic diamine compound
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with an aromatic dicarboxylic acid chloride, and
neutralizing the hydrogen chloride produced, as a by-
product, with a basic calcium compound, and may comprise
the meta-type wholly aromatic polyamide, calcium chloride

and water.
The meta-type wholly aromatic polyamide filaments of

the present invention include those produced by the
process of the present invention as mentioned above.

The meta-type wholly aromatic polyamide filaments of
the present invention preferably have a bulk density of
l.2 or more.

The meta~type wholly aromatic polyamide filaments of

the present invention include those produced by the
process of the present invention in which the total

content of the 1norganic ionic substances contained in
the polymer solution supplied to the wet-spinning step is

controlled to less than 0.1% by weight.
In the meta-type wholly aromatic polyamide filaments

of the present invention, the total content of inorganic
ionic substances contained in the filaments is preferably

500 ppm or less.
In the meta-type wholly aromatic polyamide filaments

of the present invention, the total contents of calcium
contained in the filaments is preferably 100 ppm or less.
In the meta-type wholly aromatic polyamide filaments
of the present invention, the total contents of chlorides
contained in the filaments is preferably 150 ppm or less.
The meta-type wholly aromatic polyvamide filaments of
the present invention include those produced by the
process of the present invention in which the polymer
solution for the wet-spinning step is obtained by poly-
condensing the aromatic diamine compound with the
aromatic dicarboxylic acid chloride in the amide compound
solvent and by neutralizing hydrogen chloride produced as
a by-product with a basic calcium compound, and contains

the meta-type wholly aromatic polyamide, calcium chloride

and water.

CA 02369681 2001-10-10




10

15

20

25

30

35

The above-mentioned meta-type wholly aromatic
polyamide filaments of the present invention preferably
have a tensile strength of 3.53 cN/dtex (4.0 g/de) or
more.

BEST MODE OF CARRYING OUT THE INVENTION

The process of the present invention comprises steps
Of preparing a polymer solution by dissolving a meta-type
wholly aromatic polyamide comprising, as principal
repeating units, metaphenylenediamine isophthalamide
units, in an amide compound solvent; subjecting the
polymer solution to a wet-spinning procedure to form
undrawn filaments; drawing the undrawn filaments; washing
the resultant drawn filaments with water; and heat-
treating the water-washed filaments.

The meta-type wholly aromatic polyamide usable for
the process of the present invention is one containing,
as principal repeating units, metaphenylene-diamine
lsophthalamide units. There is no limitation to the
process for producing the meta-type wholly aromatic
polyamide. The polyamide is produced, for example, by
employing, as principal starting materials, a meta-type
aromatic diamine component and an aromatic dicarboxylic
acid chloride, and by a solution polymerization or an
interfacial polymerization thereof.

The meta-type aromatic diamine usable for the
production of the meta-type wholly aromatic polyamide
usable for the present invention is preferably selected
from the diamine compounds represented by the following

formula (I):

(R),
(L)
H,N NH,

In the formula (I) shown above, R represents a

halogen atom (for example, a chlorine or bromine atom) or
an alkyl group having 1 to 3 carbon atoms (for example, a

CA 02369681 2001-10-10
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methyl or ethyl group), and n represents an integer of 0
or 1.

The meta-type diamines of formula (I) are preferably
selected from metaphenylenediamine, 2,4-toluenediamine,
2,6-toluenediamine, 2,4-diaminochlorobenzene and 2,6-
diaminochlorobenzene. Other meta-type aromatic diamines,
for example, 3,4-diaminodiphenylether and 3,4-

diaminodiphenylsulfone may be used for the present

invention.
The meta-type aromatic diamine component usable for

the present 1invention preferably consists of
metaphenylenediamine or a diamine mixture comprising, as
a main ingredient, metaphenylenediamine. The other
aromatic diamines usable together with
metaphenylenediamine for the diamine mixture include the
meta-type aromatic diamines of the formula (1) (except
for metaphenylene diamine); benzene derivatives, for
example, paraphenylenediamine, 2,5-diaminochlorobenzene,
2,5-diaminobromobenzene, and aminoanisidine; and 1,5-
paranaphthylenediamine, 4,4'-diaminodiphenylether, 4,4'-
diaminodiphenylketone, bis(aminophenyl)phenylamine and

bis(paraaminophenyl )methane.
When 1t 1s desired that the polymer used for the

present invention has a high solubility, the amount of
the other aromatic diamine than metaphenylenediamine is
preferably about 20 molar % or less of the total molar
amount of all the aromatic diamine compounds for the
aromatic diamine component. Also, when it is desired
that the polymer has a high crystallization property, the
content of metaphenylenediamine in all the aromatic
diamine component is preferably 90 molar % or more, more
preferably 95 molar % or more, based on the total molar

amount of the aromatic diamine component.
On the other hand, the aromatic dicarboxylic acid

chloride component usable for the production of the meta-
type wholly aromatic polyamide for the process of the
present invention preferably comprises isophthalic acid

CA 02369681 2001-10-10
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chloride or an aromatic dicarboxylic acid chloride
mixture containing, as a main ingredient, isophthalic

acld chloride.
In the aromatic dicarboxylic acid chloride

component, another aromatic dicarboxylic acid chloride
usable together with isophthalic acid chloride for the
aromatic dicarboxylic acid chloride mixture is preferably
selected from, for example, terephthalic acid chloride,
l,4-naphthalene dicarboxylic acid chloride, 2,6-
naphthalene dicarboxylic acid chloride, 4,4'-
biphenyldicarboxylic acid chloride, 3-chloroisophthalic
acid chloride, 3-methoxyisophthalic acid chloride, and

bis(chlorocarbonylphenyl)ether.
In the process of the present invention, when it is

desired that the polymer has a high solubility, the
amount of the other aromatic dicarboxylic acid chloride
to be used together with isophthalic acid chloride is
preferably about 20 molar % or less, based on the total
molar amount of the aromatic dicarboxylic acid chloride
component. Also, when it is desired that the polymer has
a high crystallization property, the content of
isophtalic acid chloride in the aromatic dicarboxylic
aclid chloride component is preferably 90 molar % or more,
more preferably 95 molar % or more.

In the polymer for the process of the present
invention, the content of repeating metaphenylenediamine
isophthalamide units is preferably 90 to 100 molar %
based on the total repeating units in the meta-type
wholly aromatic polyamide. Also, it is preferable that
the polymer contains substantially no salts.

In the process of the present invention, to produce
heat-resistant filaments having good mechanical
properties from the above-mentioned meta-type aromatic
polyamide solution, it is important to control the degree
of polymerization of the polymer independently of the
content of the inorganic ionic substances in the
solution. Particularly, to obtain filaments having good

CA 02369681 2001-10-10
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properties from the poly-metaphenylene isophthalamide
polymer, the polymer preferably has an intrinsic
viscosity (I.V.) of 0.8 to 4.0, more preferably 1.0 to
3.0, still more preferably 1.3 to 2.4, determined in a
polymer concentration of 0.5 g/100 ml in concentrated
sulfuric acid at a temperature of 30°C.

The required level for the degree of polymerization
of the polymer is established in consideration of the
purpose of using the polymer or the polymer solution and
the use of the filaments. Thus, the degree of
polymerization of the polymer can be controlled, as
required, by known methods. In a typical controlling
method, the degree of polymerization of the polymer can
be controlled by using a terminal reaction-stopping agent
(for example, aniline, alkylanilines, for example,
toluidine, and benzoic acid chloride, etc.).

In the present invention, the polymer solution in
which the meta-type wholly aromatic polyamide is
dissolved in an amide compound solvent, and preferably,
substantially no inorganic ionic substances (for example,
inorganic salts) are contained, is supplied to a wet-
spinning step which will be illustrated hereinafter.

The above-mentioned polymer solution containing
substantially no inorganic ionic substances may be a
polymer solution prepared by removing the inorganic ionic
substances from the solution of the meta-type wholly
aromatic polyamide in the amide compound solution,
prepared by the above-mentioned solution polymerization
method, etc., or by isolating the meta-type wholly
aromatic polyamide from a meta-type wholly aromatic
polyamide solution prepared by the solution
polymerization or interface polymerization method and
dissolving the isolated polyamide in an amide compound
solvent. The phrase "containing substantially no
inorganic ionic substances" means that the total content
Of the inorganic ionic substances in the polymer solution

is less than 0.1% by weight. Namely, the poclymer
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solution containing substantially no inorganic ionic
substances is permitted to contain salts in a very small
content which should be as small as possible and is
preferably within the range of from 0 to 0.01% by weight.

In the process of the present invention, the amide
compound solvent usable for the preparation of the
polymer solution preferably contains N,N-
dimethylformamide, N,N-dimethylacetamide, N-methyl-2-
pyrrolidone, and/or dimethylimidazoline. Particularly,
N-methyl-2-pyrrolidone 1s more preferably employed,
because the resultant polymer solution exhibits an
excellent stability in the procedure from the solution
polymerization step to the wet-spinning step.

In the process of the present invention, the polymer
solution to be fed into the wet-spinning step may contain
water. The water contained in the polymer solution may
be one optionally added to the polymer solution or one
necessarily generated in the polymer solution-preparing
step. The content of water in the polymer solution is
not specifically limited as long as the resultant polymer
solution can exist stably. Usually, the water is added
to or contained 1in a content of 0 to 60% by weight, more
preferably 0 to 15% by weight, based on the weight of the
polymer, in the polymer solution. If the water content
1s more than 60% by weight, the resultant polymer
solution may exhibit an insufficient stability, and thus
a deposition of the polymer and/or a gelation of the
polymer solution may occur, and thus the spinnability of
the polymer solution may be significantly degraded.

As an embodiment of the process of the present
invention, a process for producing meta-type wholly
aromatic polyamide filaments containing substantially no
inorganic ionic substances will be explained below.

<Wet-spinning step (1)>

In the process of the present invention, meta-type
aramid filaments having excellent mechanical properties
and heat resistance and containing substantially no salts

CA 02369681 2001-10-10
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can be produced with high efficiency and good
productivity, by forming undrawn filaments having a
porous coagulation structure in the wet-spinning step,
and by densifying the porous coagulation structure of the
5 undrawn filaments by the drawing, water-washing and heat-
treatment steps applied to the undrawn filaments. The
above-mentioned process of the present invention in which
the undrawn filaments are densified was considered
impossible in the conventional process for producing the
10 meta-type aramid filaments, and thus is a new process.

In the embodiment of the process ‘of the present
invention, the wet-spinning step in which a polymer
solution containing substantially no inorganic ionic
substances 1s extruded through a multi-hole type

15 spinneret preferably having 300 to 30,000 spinning
orifices, and the extruded polymer solution streams are
directly introduced into a coagulation bath containing
substantially no salts, is carried out. The wet-spinning
step mentioned above enables the meta-type aramid

20 filaments having excellent mechanical properties and heat

resistance to be produced.
In Japanese Unexamined Patent Publication

No. 51-564, a wet-spinning method using a coagulation
path containing no salts is disclosed. In this method,

25 as a coagulation bath, a polyalkyleneglycol bath is used
at a high temperature, and thus meta-type aramid
filaments can be produced by using the substantially
salt-free coagulation bath.

In this method, however, since a polymeric compound

30 which cannot be distilled is used as the coagulating
bath, the recovery of the polymeric compound is difficult
and thus the coagulation cost is high. For this reason,
this method is unsuitable for industrial production of
the meta-type aramid filaments. Therefore, no wet-

35 spinning process including an inorganic coagulation bath
and a recovery system thereof and capable of being
utilized in industries was developed before the present
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invention.
In the process of the present invention, to solve

the above-mentioned problems, a coagulation bath
comprising a very simple composition, namely an aqueous
solution of an amide compound solvent, is used to thereby
coagulate the polymer solution streams to form uniform
porous undrawn filaments. Namely, in the process of the
present invention, the temperature of the above-mentioned
polymer solution 1s adjusted to a level falling within
the temperature range of from 20 to 90°C and
corresponding to the temperature of the coagulation bath;
then the temperature-adjusted polymer solution is
extruded through the above-mentioned spinneret and
introduced into the coagulation bath having the
composition and the temperature which will be explained
hereinafter, to provide undrawn porous filaments; and

then the undrawn filaments are withdrawn from the

coagulation bath.
In the process of the present invention, the undrawn

porous filaments are subjected to a drawing step. 1In the
drawing step, the undrawn porous filaments are drawn in
an aqueous solution of an amide compound solvent at a
drawn ratio of 2 to 10. The drawn filaments are
subjected to a water-washing step in which the drawn
filaments were washed with water, and then dried. The
dried filaments are subjected to a heat-treatment step
wherein the dried filaments are heat-treated at a
temperature from 250 to 400°C. Using the above-mentioned
process of the present invention, meta-type aramid
filaments having a dense structure and excellent physical

properties can be obtained.

As mentioned above, Japanese Examined Patent
Publication No. 52-43930 discloses a process for
producing porous meta-type aramid filaments having a
final density significantly lower than 1.3 g/cm? by
procedures analogous to the dry-spinning procedures.
However, in this process, dry-spinning procedures, which
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are definitely different in technology from the wet
coagulation procedures, are used. In this process, since
a procedure in which, after the dry-spinning procedure,
the resultant filament is swollen in an aqueous solution
containing a solvent at a low temperature, is necessary,
1t 1s difficult to produce the filaments by using a
spinneret with a large number of spinning holes and thus
at a high productivity. Compared with this, in the
process of the present invention, the coagulation method
in which the wet-spinning procedure is carried out at a
temperature within a specific range under specific
coagulation conditions, and thus the resultant porous
filaments are uniform in quality thereof, is employed and
thus a spinneret having a plurality of spinning holes can
be used. Therefore, in the process of the present
invention, undrawn meta-type aramid filaments having a
uniform porous structure can be produced by the wet-
spinning step with a high productivity.

Also, 1n Japanese Examined Patent Publication
No. 52-43930, 1t is stated that the resultant porous
meta-type aramid filaments produced by the process of the
Japanese publication preferably has a density less than
1.18 g/cm’. Therefore, the meta-type aramid filaments of

the prior Japanese publication have a higher porosity
than that of the meta-type aramid filaments produced as a
final product of the process of the present invention.

In the process of the present invention, to densify
the filament to an extent such that the densified
filaments exhibit satisfactory physical properties, in
the steps after the wet-spinning step, it is extremely
important that the porous structure of the undrawn
filaments produced by the coagulation procedure of the
wet-spinning step is formed as uniform as possible.

The porous structure of the resultant undrawn
filaments is closely influenced by the composition of the
coagulation bath and the coagulating conditions, and thus
the establishment of the composition of the coagulation
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bath and the coagulating conditions (for example,

temperature) is very important.

The coagulation bath usable for the wet-spinning
step of the process of the present invention is
substantially free from inorganic ionic substances, for
example, salts, and consists essentially of an aqueous
solution of two components, namely an amide compound
solvent and water (H,0). In the coagulation bath
composition, there is no limitation to the type of the
amide compound for the solvent, as long as the amide
compound solvent can dissolve the meta-type aramid
polymer therein and is sufficiently compatible with (or
soluble in) water.

The preferable amide compound solvent comprises at
least one member selected from N-methyl-2-pyrrolidone,
dimethylacetamide, dimethylformamide, and
dimethylimidazolidinone. 1In consideration of the
recovery of the amide compound solvent, the amide
compound solvent contained in the coagulation bath is
preferably the same as that contained in the polymer

solution.
In the process of the present invention, the mixing

ratio of the amide compound solvent to water contained in
the coagulation bath is variable in response to the
composition of the polymer solution and the coagulating
conditions. The concentration of the amide

compound solvent in the coagulation bath is

adjusted in the range of from 40 to 70% by weight. 1If
the concentration of the amide compound solvent is less
than 40% by weight, the resultant undrawn filaments may
have large voids formed therein and may be easily broken
due to the voids. Also, 1f the amide compound solvent
concentration is more than 70% by weight, the resultant
coagulation bath may exhibit a decreased coagulation rate
for the polymer solution streams introduced therein and
the coagulated undrawn filaments may adhere to each

other.
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The suitable temperature of the coagulation bath is
variable in response to the composition of the
coagulation liquid. Generally, when the coagulation bath
temperature 1s high, formation of coarse air bubble-like
pores, which is so-called as "fingers", 1in the coagulated
undrawn filaments is restricted, and this phenonenon 1is
preferred. In the case where the concentration of the
solvent in the coagulation bath 1s high, if the
coagulation bath temperature is too high, the undesirable
adhesion of the undrawn filaments to each other is
promoted. Thus, the temperature of the

coagulation bath is in the range of from 30 to 90°C.

The coagulation liquid preferably consists
essentially of the amide compound solvent and water.
Optionally, the coagulation liquid may contain a small
amount of salts. Particularly, salts such as calcium
chloride, and calcium hydroxide, which may be extracted
from the polymer solution into the coagulation liquid, do
not affect on or hinder the formation of the porous
structure of the undrawn filaments. For example, when
the salts are contained in a low concentration of 10% by
weight or less, preferably 5% by weight or less, still
more preferably 3% by weight or less, based on the total
weight of the coagulation bath, no problem occurs.
Accordingly, the permissible concentration of the salts

is in the range of from 0 to 10% by weight, based on the
weight of the coagulation liquid. The staying time of
the undrawn filaments in the coagulation bath 1is
preferably 0.1 to 30 seconds. If the staying time 1s too
short, the formation of the undrawn filaments may be
insufficiently effected and the resultant undrawn
filaments may be broken.

In the wet-spinning step of the process of the
present invention, a high bulk density of the resultant
undrawn porous filaments causes the filament structure of
the undrawn porous filaments to be smoothly densified in
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the steps after the wet-spinning step. Usually, the
undrawn porous filaments preferably have a bulk density
of 0.3 g/cm’ or more, more preferably 0.5 to 1.0 g/cm’.
When the bulk density of the undrawn filaments is less
than 0.3 g/cm’, the undrawn filaments may exhibit too
high a porosity and may be difficult to be sufficiently
densified by the steps succeeding the wet-spinning step.
The bulk density of the filaments can be determined on
the basis of the volume and weight of the filaments
measured 1in accordance with ASTM D 2130.

In the porous structure of the undrawn filaments
produced by the wet-spinning step of the process of the

present invention, a plurality of fine pores having an
extremely high uniformity are formed.
In the porous structure, no large pores having a

pore size of several ums or more and called "fingers" are
found. The fine pores has a pore size in order of 0.1 to
l um, namely sub-micrometer order, determined by a

scattering microscope. It is known that a fine and
uniform pore structure can be formed by, for example, a
spinodal decomposition occurred due to coagulation. 1In
coagulation (wet-spinning), by forming the above-
mentioned uniform fine porous structure, the breakage of

the resultant filaments in the drawing step can be
prevented and the densification of the filament structure

in the final heat-treatment step and the realization of
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