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25. A fibre and film of aromatic polyamide characterized by having a
microscopic structure of a fully extended molecular chain, no defect layer
perpendicular to the fibre axts, inherent viscosity higher than 3.0.

1. A process for preparing fibre and film of aromatic polyamide
characterized by having a microscopic structure of a fully extended
molecular chain, no defect layer perpendicular to the fibre axis and an
inherent viscosity higher than 3.0,

which process comprises polycondensing difunctional aromatic
amine and acid chloride while dissolved in a ,irst sclvent and thereby
forming a liquid crystalline prepolymer dope, extruding the dope to form a
fibre or film extruded product inte or with a precipitation solvent
comprising a polymerisation accelerator that will complete the
polymerisation of the prepolymer, and stretching the extruded prodyct while
completing the polymerisation.
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ABSTRACT

Process for Preparing Aromatic Polyamide
Fibre and Film

Aromatic polyamicde fibre ard film is made by forminc
a prepoclymer by cocncdensation while dissclved in an amide

solvent containing inorganic salt solubiliser, extruding

resultant prepolymer dope into a precipitatirng

the
polymerisation

solvent containing a
stretching the extruded product while completing the

The resultant fibre or film does not

accelerator &nd

polymerisation.
incluéds crystal defect layers and has good strength and

resistance to friction.
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Kolon Industries Inc. 60/2668/02
Process for Preparing Aromatic Polyamide
Fibre and Film

There is a need for very light but strong fibrous
and film materials in, for instance, the aircraft and
aerospace industry. High strength and high modulus
inorganic fibres have been developed by using ceramics,
However their use
is restricted because they are very
difficult to make and handle.

have high strength, high durability to friction, and high

graphite or boron and have been used.
expensive and
Aromatic polyamide fibres

modulus, and are easier to make, and so have been widely
adopted. They are widely used as reinforcing materials
for plastics in the aircraft and other industries and as
a replacement for glass in reinforced resins as building
materials. However there is still a need to improve
their production and properties. ~

DE-A-1,810,426 discloses a method for increasing the
tensile strength and modulus of the fibre by wet-spinning
using aromatic polyamide dope having optically
anisotropic property, and heating the fibre or film while
applying - tension, Pulp-like short fihres made by the

above method have been widely employed as insulating

materials, adiabatics, and friction resistant materials; e«

in place of asbestos.

In US-A-3,869,42% and US-A~3,869,430 inorganic salt
and aromatic diamine are dissolved in an amidé solvent,
the diamine is polymerised with aromatic diacid chloride
at a low temperature to make the polymer in an acid crumb
form, and the <crumb is
solvent and

washed to remove the

polymerisation inorganic salt and is
Liquid crystalline dope is obtained
by redissolving the polymer in 20% by weight sulfuric

acid or chloresulfuric acid or

continuously dried.

This dope is then spun through an orifice inteo water,
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neutralised, washed, dried and treated by mechanical
processes to prepare the arometic polyamide fibre and
film. Unfortunately the process is costly (partly
because of cerrosion of apparatus by the acid) and
somewhat dangerous, ané the polymer can be decomposed in
the dope so that the property of the fibres is reduced.
Also the process yields an inorganic sulfate, often
Caso4, as a by=-product which is difficult to handle, ané
the colour of fibres changes with time due to residual
sulfuric acid.

The compression strength of the fibre obtained by
this method is much weaker than the theoretical value and
the resistance to chemicals is also weak, because a
crystal defect layer is formed in the fibrec.

In Japan patent publication SHO 59-47694, aromatic
polyamides of low molecular weight are dissolved in an
amide solvent, the resulting solution is mixed with water
or alcohol as a precipitatant and is stirred to produce
pulp-like fibre particles. The inherent viscosity of
the fibre is about 2 to 3.5 at most. The properties are
inadequate and high quality aromatic polyamide short
fibres cannot be easily prepared.

In Us-A-4,511,623 highly oriented and high strength
aromatic polyamide short fibres having an inherent
viscosity of 5 to 7 are made by adding tertiary amine
(e.g., pyridine) prior to the polymerisation reaction and
applying a high mechanical shearing rate (160 cmfl) at
the moment gelation is achieved. This rapidly increases
the rate of polymerisation, prdduéing a high degree of
orientation and a high degree of polymerisation.
However because the amide solvent and excess tertiary
amine are added simultaneously, the viscosity increases
suddenly while adding terephthaloyl chloride and the
polymerisation is rapidly terminated within 10 seconds.
Accordingly control of the process is very difficult and
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it is impossible to produce satisfactcry fibres
centinously.

Us-A~3,672,143 and US-3A~-3,817,24]1 disclose methoés
where the bolymerisation is performed in the presernce cf
a chain terminator in a solution to form a dope which is
spun or ejected by extrusion into water as a
precipitatant. The fibres are therefore obtained by a
simple process but it is difficult to obtain adequate
molecular weight because of the use of a chain terminator
during polymerisation and water as a precipitatant.

Another known method, which is referred to below as
the "prior method", for preparing aromatic polyamide
fibre comprises polymerising, washing, preparing 20% by
weight dope of high molecular weight
poly-(p-phenylenediamine terephthalate) and concentrated
sulfuric acid, and spinning into water'through an air gap
to produce fibres. This method is described in Journal
of Polymer Science; Polymer Physics Edition, Vol 21,
1955-1969 (1983).

It is based on the principle that the orientation of
the polymer molecules occurs as a result of drawing
during spinning of the concentrated (20%) solution.
However, even though the molecular chain of the aromatic

polyamide is rigid and the polymer is stretched while in

the form of liquid crystals, complete orientation of the
molecular chain cannot occur due to the dope having a
high viscosity of more than 1,000 poisé at 80°C.

The resulting aromatic polyamide fibres have an
outer skin and inner core. The microscopic structure is
shown diagrammatically in Figures 6(a) and (b) of the
accompanying drawings. The c¢ore portion has crystal
defects every 250 nm and a radially arranged pleated
sheet structure, while the skin portion has a compact and
well-oriented  structure. The fibre strength is
considerably lower than the theoretical strength because
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of the radially arranged plezted sheet structure of the
cere portion.

A report in J. Polym. Sci., Polym. Phys. Ed 21,
1757 (1983) discloses spinning after preparing a sulfuric
acid dope. In that case, the chain ends of the polymer
are ionised to NH3+, HSO4- and form ionic clusters which
comprise defect bands along the fibre axis. When a
force is applied, a weak crystal defect layer is formed
and so strength and chemical resistance decrease. In
this paper, it is stated that the strength can be
increased by preventing cluster formation, but it is
impossible to attain this by known methods.

In the case of polyethylene, the strength of fibres
is generally less than 5 g/d. However, if the molecular
chains are stretched by the spinning method known as gel
spinning, the strength is increased to at least 20 g/d.
Although the chemical structure of the two products are
the same, their properties are remarkably different owing
to their different crystalline structures.

The object 6f the present invention is to provide
aromatic polyamide fibre and film having improved
strength and other properties as a result of having a
high degree of orientation.

-ThHi's “is now achieved by first forming a liquid
crystalline pre-polymer dope and then, in a separate but
sequential stage, effecting a molecular orientation
polymerisation process in which the final polymerisation
and the molecular chain orientation occur simultanecusly.
This overcomes the prior disadvantages, such as the
economic disadvantages of a multistep process involving
forming polymer, thern converting it to dope and then
spinning it, and the difficulty of process control due to
a sudden increase in the degree of polymerisation and the
disadvantages of a low degree of polymerisation.
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In the invention the manufacturing cost ts inexpensive and process
control is easy and the polymer and product can be produced successively
and directly in the same overall process. The final aromatic polyamide
fibre or film can have an inherent viscosity higher than 3.0, random
molecular chain end distribution, and can be substantially free of a
crystal defect layer perpendicular to the fibre axis, and can be stable
against colour change on storage. The fibre can have a tensile strength
above 10 g/d, and the film can have a tensile strength above 1.28 Gpa. It
is novel. Textiles can be made from it in conventional manner and short
fibres can be used as reinforcement for resins.

According to a first embodiment of the present invention there is
provided a process for preparing fibre and film of aromatic polyamide
characterized by having a microscopic structure of a fully extended
molecular chain, no defect layer perpendicular to the fibre axis, inherent
viscosity higher than 3.0,

which process comprises polycondensing difunctional aromatic amine
and acid chloride while dissolved in a first solvent and thereby forming a
1iquid crystalline prepolymer dope, extruding the dope as fibre or film
product into or with a precipitation solvent comprising a polymerisation
accelerator that will complete the polymerisation of the prepolymer, and
stretching the extruded product while completing the polymerisation.

According to a second embodiment of the invention there is provided a
fibre and film of aromatic polyamide characterized by having a microscopic
structure of a fully extended molecular chain, no defect layer
perpendicular to the fibre axis, inherent viscosity higher than 3.0.

The dope is extruded directly after formation of the prepolymer,
generally just before gelation. Typically it is when the dope is
opalescent on stirring. The dope may be optically anisotropic. Preferably
it ts formed at low temperature.

The first solvent generally comprises an amide solvent and preferably
is a solution in an amide solvent of an inorganic salt. It may include a
small amount of tertiary amine.

The precipitating solvent must accelerate the polymerisation and
generally comprises a tertiary amine. It may also comprise other solvent
mixed with the
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tertiary amine, often an amide soulvent. Inorganic salt
may be dissolved in it.

The prepolymer is preferably a hcmopolymer or
copolymer having the formula

- COo - Rl - CO - NH - R2 - NH (I)
or

- CO - R3 - NH - (I1)
wherein Rl and R2 are the same or different and are
present generally in equivalent molar amounts and Rl' R2
and R
from

3 are each an aromatic group, preferably selected
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The rings may include optional substituents such as
X, where X may be Cl or another halogen atom. The
prepolymer is <g¢enerally formed by polycondernsation
between a;:omatic diamine and aromatic diacid chlorice.
Preferably a solution is formed of the diamine in the
first solvent and then the dichloride is added, usually
in a substantially equimolar amount.

Polymerisation continues to Jjust before gelation.
At this time the prepolymer in the dope preferably has an
inherent viscosity (I.V.-D) of from 1 to 4 and the dope

may have stir opalescence. The resultiny LCPD is
extruded into or with the polymerisation
accelerating-precipitation solvent. In one method the

LPCD is spun into the precipitating solvent and drawn off
with a spin-stretch factor of from 1 to 4, generally at a
temperature of =40 to +50°C. This yields a film or
endless fibre. In another method short fibres are made
by extruding the LPCD into or with the precipitating
solvent and applying shear. Thus they may be
simultaneously ejected by extrusion or contacted with
each other and the LCPD is subjected to at least a shear
rate of 20 sec-l. As a result the aromatic polyamide
fibre is obtained as a pulp-like short fibre.

The microscopic structure of the final-film or fibre
product is a fully extended chain structure having
sufficient molecular orientation of its polymeric
structure. It has random chain end distributions in the
direction of the fibre or film axis. Thus, the fibre
and film of this invention are substantially or wholly
free of crystal defect layers such as defect zones caused
by NH3+, HS'O4- ionic clusters. The product has a unique
structure characterised as generally having an inherent
viscosity of at least 3.0 and a strength of at least 15
g/d.
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The LCPD is the polymerisation solution and it may
be formeé by dissolving aromatic diamine in &an amide
solvent containing inorganic salts and c¢ptionally a
little tertiary amine and cooliné in the presence of
nitrogen, and causing solution polymerisation by reaction
with aromatic diacid chloride at a temperature of less
than 40°C. The monomer and solvent should be as pure as
possible so as to optimise the molecular weight and the
pelymerisation should occur substantially-gquantitatively.
The monomers and solvent should be as dry as possible.
The first sclvent may be a mixture of organic solvents
such as amides (including ureas) and inorganic salts,
optionally with some tertiary amine. The amide or urea
or other solvent may be selected from N-methyl-2-
pyrrolidone (NMP) , N,N-dimethylacetamide (DMAC) ,
hexamethylphosphoramide {HMPA) , N,N-dimethylformamide
(DMF) , N,N-dimethyl sulfoxide (DMSC), and N,N,N’',N'-
tetramethylurea (TMU), N-methylpiperidone, N-methyl-
caprolactam, N-acetylpyrrolidine, N-~-ethylpyrrolidine,
dimethylpropionamide, dimethyl isebutyramide, and
dimethylpropylurea. -

The amount of tertiary amine, if present, in the
first solvent, is preferably about 0.0l to 2% by weight

of .the first solvent. Examples are pyridine (Py),
quinoline, triethylamine, dimethylethylamine,
t-butylamine, quinuclidine, picoline, pyrimidine,

pyrazine and quinoxaline.

If the amount of tertiary amine ix the first solvent
is less than 0.01% by weight, the desired effect of
tertiary amine addition, namely an increased
polymerisation rate, is not achieved. If the amount is
more than 2% by weight, control of the reaction rate and
the process becomes difficult. ;

Inorganic salts are used in order to increase the
solubility of the polymer. Preferred inorganic salts

rn

'3



(321 23
®

e

L X 2
.o &0
e B
* L]
e o8
[ ]

. e

L]
(XL XX 2]
L) [ ]
. ® se
[ ]

s e
L] (1 X ]
e o0
-
® se

. Ed
e0ssed
* -

e «0
L J o
¢ oo

sedewre

10

15

20

25

30

35

10

include metal halides such as LiCi, CaClz, KCl, XBr, and
LiBr, The amount is preferzbly 0.5 to 13% by weight
(Weight of salt/Velume of amide solvent).

In a preferred process p-phenylenediamine and
terephthaloyl chloride are added to the amide solvent
~ontaining the above inorganic salts, cptiornally
containing some tertiary amine, and then the resulting
mixture is stirred. Poly (p-phenyleneterephthalamide)
(PPDT), represented by following formula (III), 1is
cbtained as a prepolymer solution in the LCPD

o o
—_— & ‘{g§§2>-£ 1'—<:::>*-

In contrast to the prior method where thg'pelymer is

—

(I11)
-

separated from the pclymerisation mixture and is then
redissolved, in the invention the prebqumer solution is
directly used as the dope.

The LCPD preferably has a polymer concentration of 4
to 20% by weight. When the amount is greater than 20%
by weight, LCPD may not be suitable for use as dope
because extrusion may be difficult and the reaction rate
may increase suddenly and so process control may become
difficult. If the ampunt is less than 4% by weight, the
inherent viscosity of the final polymer may decrease
remarkably, and the process may become less economic.

A suitable irherent viscosity of the prepolymer in
the LCPD ranges between 1.0 and 4.0, preferably between
1.5 and 3.5. Extrusion may be difficult if I.V.-D is
too high. )

The LCPD may be transferred to a temperature-
controllable extrusion device, e.g., a cylinder or slot,
having one or more extrusion orifices, and spun into the
polymerisation accelerating-precipitation solvent.
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The polymerisation - acceleratinéﬁrecipitation
sclvent contributes to the improvement in the degree of
polymerisation and the mclecular orientation. For
instance the shear force of the solvent may promcte
formation of hydrogen bonds between the amide bonds.

Tertiary amine is preferably used alcne or as a
mixed scivent with amide, preferably one of the amides
named above. A suitable amount of amide solvent is 1C
to 90% by volume of the tertiary amine solvent.
Inorganic salt, generally one of those named abcve, may
be included, generally in an amount of 0.0l to 10% of the
precipitating solvent.

The tertiary amine solvent alone, or mixed solvent
of amide solvent and tertiary amine solvent, should be
used in an amount greater than is required to react with
all the HCl produced by reacting the diacid chloride and
diamine. ~

Any of the tertiary amines mentioned above may be
used but pyridine is preferred. The tertiary amine, and
all solvent components, should be substantially pure and
dry. The amount of moisture in the tertiary amine
should be below 5000 ppm.

The process of contacting the LCPD and
polymerisation-accelerating precipitation solvent is
usually carried out at a temperature of less than 50°C,
preferably -40 +to 50°C. Below =-40°C additional
equipment would be required to maintain the temperature,
and this causes an increase in manufacturing costs. In
general, the lower the température, the better the
molecular orientation effect; a temperature of higher
than 50°C results in less molecular orientation. The
contact process is preferably carried out at -10°C to 40
or 45°C, and more preferably at O to 25°C, e.g., room
temperature.
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The diameter of nozzles through which the LCPD is
extruéed is preferekly 50 pm to 10,000 um. The ratio of
tube length to neczzle diameter or width (L/D) in the
spinning-nczzle jet 1is preferr d to be 0.5 to 10,
especially wnen the resultant produce is spun or drawn
off as a continuous fibre or film. The use of a small
nozzle promotes penetration by the tertiary amine solvent
and thus tends to ircrease the final inherent viscosity
and the degree of mulecular orientation can be improved.
Similarly, when the procduct is drawn off, adjusting the
speed of windint %ill control the molecular orjientation
of the polymer.

The longer the contact time between LCPD and
polymerisation-accelerating precipitation solvent the
better, but too long may be impracticable. Therefore,
it is preferred that the contact time is within the range
of 0.1 to 1,000 sec.

Also, the spinning speed ("JV", the average velocity
of LCPD in the tube of the spinning nozzle nalculated
from the cross-sectional area of the orifice and the
volume of LCPD passing through the orifice) is generally
1 m/min to 300 m/min, preferably 50 to 100 m/min. The
spin-stretch factor (SSF) refers to the ratio of fibre
winding speed to the ejecting-~speed, and is preferably in
the range 1 to 4.

Pulp-like short fibres may be made from the
continuous filament or film before drying by known
methods. Thus the filament fibre or film may be
transferred to a grinder through a feed roll, andé chopped
and ground by mechanical treatment.

The invention also includes a process for directly
preparing the pulp-like short fibre by ejection or by
c@ntéét with the above LCPD having op.ical anisotropy and
the polymerisation aédelerating-precipitation solvent
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under & shear rate of at least 20 sec™t. Suitable
apparatus is described in more detail below.

when the fibre and film obtained by the foregoing
process are treated with heat under tension, tﬁeir

various properries are improved; for example, the modulus
increases 30 to 300% and elongation decreases 30 to 20C%
of the virgin fibre.

In the accompanying drawings:

Figure 1 is a schematic diagram of apparatus which
can be used according to the invention for making short
fibres;

Figure 2 is an enlarged cross-sectional view of the
nozzle jet in Figure 1;

Figure 3 is a schematic diagram of different
apparatus which can be used according to the invention
for making short fibres; '

Figure 4 is a schematic diagram of a third process
of the invention for making short fibres;

Figure 5 is an enlarged cross-sectional view of the
extrusion apparatus 46, in Figure 4;

Figure 6(a) is a partially cut-away: perspective
drawing depicting the structure of the aromatic polyamide
fibre according to the prior method;

Figuré 6‘Db) is an enlarged drawing of the core
portion having a pleated sheet structure in the aromatic
polyamide fibre according to the prior method;

Figure 7 is a cut-away perspective drawing depicting
the structure of aromatic polyamide fibre according to
the present invention;

Figure 8(a) is a picture of the aromatic polyamide
fibre according to the prior method, taken with a
scanning electron microscope, at 3000 magnification;

Figure 8(b) is a picture of the aromatic polyamide
fibre according to the present invention, taken with a
scanning electron microscope, at 1000 magnification;
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Figure 9(a) is a picture of the aromatic pclyarede
fibre taken with a peclarizing microscope;

Figure 9(b) is a picture of the aromatic polyamide
fibre acccrding to the present invention, taken with a
pelarising microscope;

Figure 1l0(a) is a picture of the prior aromatic
polyamide fibre etched and taken with a scanning electron
microscope at 10,000 magnification;

Figure 1l0(b) is a picture of the aromatic polyamide
fibre acceording tc the present invention, etched by NaOH
and taken with a scanning electron microscope at 10,000
magnification;

vFigure 11(a) is a picture of the prior aromatic
polyamide fibre, taken with a transmission electron
microscope; and

Figure 11(b) is a picture of the aromatic polyamide
fibre according to the present invention, taken with a
transmission electron microscope.

The properties of the products made in the invention

may be evaluated in “~erms of their inherent viscosity

(I.V.-P) calculated i .ow the equation

1.v.-p = Ioulnrel)
wherein n rel represents relative viscosity; and C

Vg Ny

represents a concentration of 0.5 grams of polymer im 100
ml of sulfuric acid.

The relative viscosity, n rel is the flow time ratio
between a sulfuric acid and a solution of the polymer.
Flow times are determined at 30°C by a capillary
viscometer, using mainly concentrated sulfuric acid (95
to 98%) as a solvent.

The invention is remarkably different from the prior
art, as follows.

First, the LCPD may be spun into a polymerisation
accelerating-precipitation solvent with a spin stretch
factor of 1 to 4 or it is ejected by extrusion under a
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shear rate of more than 20 sec'l by the pclymerisation
accelerating-precipitation solvent, and the desired
aroratic polyamide fibre and £ilm havinrng high strength
and high degree of  orientztion is obtained by
simultaneous molecular orientation and polymerisation of
the polymer.

Second, in the invention there are two separate
prccesses, namely one for making LCPD and the other for
preparing a polymer having high degree of polyvmerisation
with the proper molecular orientation. It is therefore
possible to optimise individual processing conditions,
for example the polymer content in the polymerisation
solvent, the temperature of polymerisation, and the
temperature of contacting the LCPD and the precipitation

solvent. The prepolymer of the LCPD can maintain an
irherent viscosity of 1.0 to 4.0 for 30 minutes and so
process control becomes easy. ~

Third, the inherent viscosity of fibre and film can
be improved to more than 3.0 by the molecular orientatiocn
polymerisation method using the tertiary amine solvent.
Moreover, the fibre or £film, having a high degree of
orientation and an extended molecular chain, can be
prepared easily because it is possible to accelerate the
polymerisation rate and the orientation of -the molecular
chains by the polymerisation accelerating-precipitation
solvent.

Fourth, the fibre and film can directly be prepared
during the polymerisation process without the traditional
process steps of separating polymer from the resulting
solution, washing, preparing sulfuric acid dope, and
spinning. So, the whole process becomes simple and
economical, and the fibre is not decolorised by residual
sulfuric acid.

Fifth, the size (length and diameter), shape, and
inherent viscosity of the fibre and film can be easily

L T T A
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.

‘controlled by changing the extrusion préssure, the

spin-stretch factor, the length of the transfer lire, an
the diameter of nozzle.

o

Sixth, the polymerisation accelerating-precipitation
solvent can be reused provided it has not beccme
contaminated with impurities that affect the degree of
polymerisation.

The product of the process is considerably superior
to prior fibres as follows.

When a prior aromatic polyamide having a pleated
sheet structure as shown in Figure 6 is examined under a
polarising microscope, transverse bands perpendicular to
the axis of fibre are observed at intervals of about 500
to 600 nm, and also defect zones are observed along the
axis of fibre, as shown by Figure 9(a), which also shows
the skin-core. As a result of the above structural
features, the prior fibre has low strength and modulus,
especially insignificantly low compression strength, and
there are many restrictions on its use as a substitute
for asbestos or glass fibres or as reinforcement for
plastics and rubbers. '

Moreover, the molecular chains of prior fibres
cannot be fully oriented and have crystal joints, and the
fibres are easily dissolved by strong acids-*&tch as
sulfuric acid, chlorosulfuric acid and fluorosulfuric
acid, and also they are hydrolysed by acids or alkalis.

Figure 1l0(a) is a picture of a prior aromatic
polyamide fibre taken with SEM after being etched by
NaOH (or HCl) to remove a layer 2 nm thick. The defect
bands are etched preferentiaily; Crystal defect layers
exist along the axis of the fibre at regular interwvals.

The prior fibres have a double structure of
skin-core portions resulting from an insufficient
orientation due to the high viscosity of more than 1,000

w e el URESSG ¢ . i ey AN 1 L e ke MR -

Eprls B pbitad sl o A



eese
[ ]
(1] L
e o6&
e ®
* -
ae oo
¢ &
L *
L
*e0000
[ 4 L}
* o0
L [ ]
. o8

.
* ose
e o

e o o
¢ S0

[ ]
s00O o0
L4 L]

* o

g

10

15

20

25

30

35

AN

17

poise and the concentration of polymer (20%) anéd the
sulphuric acid used in the dope.

Or the other hand, in the novel aromatic polyaride
(eg., PPDT) fibre ané film, the preferreé molecuiar
orientation is easily achieved at a comparatively locw
molecular weight and the crystal defects are uniformly
distributed. As shown in Figure 8(b) the fibre does not
have crystal defect layers and as shown in Figure 9(b) it
does not have transverse bands and skin core effects.

It is not a double structure divided into skin-core
portions but is a unique structure similar to the skin
portion (O0.1lp) of the prior fibre, as shown by Figure
10(b). The crystal defect layer does not exist there,
as shown by Figure 11(b).

As a result, the fully extended aromatic polyamide
fibre and film obtained in the invention can have
excellent properties such as denier D, ~strength, modulus
(mi) , tenacity (T), elongation (E), and compression
strength, as compared with prior fibres.

Typical properties of PPDT fibre according to this
invention are compared to those of the prior fibre in
Table 1.

Table 1
Prior Fibre Invention
Iv-p 5.3 1.5 2.0 3.0 5.3 6.2
Tenacity 22 4.5 15.2 20 26 31
Elongation 3) 3-4 6 6 2.1 2.1 1.0
Modulus (g/d) 480 440 510 760 460 520

The following examples and comparative examples
illustrate the invention. Examples 14 to 23 were
conducted using the apparatus illgstrated\in‘Figure 1 and
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2, Examples 24 to 28 using the apparatus of Figure 3, and
Examples 29 to 32 using the apraratus of Figure 4.

Figure 1 is a schematic diagram of the marufacturing
process according to Example 14 of t*e inventien, 2
reaction vessel 1 contains the ICPD and a separate
storage vessel 2 stores the polymerisation
accelerating-precipitation solvent. The LCPD is fed
thrcugh a line 3 by an operating gear pump 4 to a nozzle
jet 7 and simultanecusly the solvent is fed through
line 6 by the circulatory pﬁmp S to the mixer jet 7. A
plurality of orifices 27 in the line 6 cause the LPCD to
be forced into the flow through 1line 6. Molecular
orientation and polymerisation occur in the ejection tube
8. The flow vélocity in the transfer line 6 is selected
to orient the LCPD and the LCPD:solvent flow velocity
ratio is preferably 1:50 to 1:0.1, more preferably 1l:15
to 1:0.2.

The diameter of transfer line 3 can be 1.5, 3, 6 or
13 mm and the ejection speed of the LCPD from transfer
line 3 is preferably higher than 5 m/min. The diameter
of the orifices in the nozzle: jet 7 shown in Figure 2 is
preferably 0.006 to 1 mm, more preferably 0.0l'to 0.7 mm,
and the number of orifices ranges frcm about 5 to 500.
The orifices are preferably circular.

The length of the ejection tube 8 is chosen to allow
sufficient time for the reaction to be terminated before
the fibres are separated from the solvent, e.g., in the
vessel 9. .

Figure 3 is the process schematic diagram of Example
24, The LCPD is held in the storage tank 21 maintained
at a temperature of less than 30°C by the circulation of
brine introduced through inlet 22 and discharged through
outlet 23. A nitrogen pressure of 2 to 20 kg/cm? is
applied to the LCPD in storage tank 21 through inlet 24.
The LPCD passes through a stainless steel ejection tube
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25 of 3 mr ciameter and is fed to the impeller 30. The
end of the tube 25 is provided with' a nozzle, that may be
a smaller tube, at its end. The nozzle has a diameter
less than 3 nau. It may be of stainless steel. The
LCPD is thereby ejected into the pelymerisation
accelerating-precipitation solvent 28 and is sheared by
impeller 30 that is rotated by operating motor 29. The
distance between the impeller 30 and the nozzle 27 is
preferably less than 2.5 mm in order to increase the
shearing force and to cause sufficient intra-molecular
orientation, in accordance with a shear rate of about 20
sec™L,

The LCPD in vessel 26 is polymerised and oriented by
the molecular orientatiocn polymerisation method while

being stirred and contacted with the polymerisation

accelerating-precipitation sclvent. It is transferred
along the transfer line 31 to the filter 32 by which the
fibres are filtered from the solvent. The recovered

solvent is returned to the vessel 26 along the
circulating tube 34 through a one-way pump 35.

‘ Figure 4 shows the process of Example 29. The
solution of aromatiec diamine in the amide solvent
containing inorganic salts, or additionally containing
tertiary amine, is -&#n-rthe reaction vessel 41 under
nitrogen as in Example 14. This solution is added to
the mixer 43 and aromatic diacid chloride from tank 42 is
simultaneously fed to the mixer 43, in stoichiometric
amounts.

The LCPD obtained by reacting the two components in
the mixer 43 is transferred to the inlet 48 of an ejector
46 at a flow rate controlled by the gear pump 45, just
after the removal of gases by a vacuum pump 44. The
LCPD is contacted in the ejector 46 with polymerisation
acceleration-precipitation solvent provided through feed
lines 47 from solvent store tanks 57.
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This ejector 46 is shcwn in Figure 5. " The solvent
is flcwed towards the LPCD at a contact angle 49 and the
streams are simultanecusly eiected through the conflux
ejection orifice 50 with a shear rate of at least 20
sec-l. The orifice 50 is preferably circular ir shape
and may have a size of 0.005 mm to 50 nm. L/D (the
ratio of length to diameter of orifice) of the conflux
ejection crifice 50 is preferably in the range of 1 to
10.

The contact angle 49 is preferably in the range of
20° to 80°, If it is 1less than 20°, the effect of
molecular orientation increases but the grinding effect
decreases. If it is more than 80°, the effect of
molecular orientation decreases and the grinding effect
increases. Preferably it is 40° to 50°.

The ejection speed is preferably 1 m/min to 300
m/min, and the most preferable length of-conflux ejection
orifice 50 is 100 mm to 1,000 mm in order to allow the
LCPD and the solvent to make good contact.

The ejected LCPD and solvent are divided into a
solid phase and a liquid phase by the filterréonveyer'SI,
and the fibres are transferred to a roller 52, and
recovered in the recovery vessel 54 by scrubber 53. The
polymerisation accelerating-precipitation solvent is
recovered into storage 57 along recovery line 56 using a
pump 5S.

Example 1

A 4-neck flask of 5 1 is purged with nitrogen gas
and then the moisture in the flask is removed as much as
possible and 1,200 ml of NMP is introduced. The
temperature is increased to 100°C, 27.0 g of CaCl2 is
completely dissolved into the solution and 24.5 g of PPD
is dissolved sufficiently into the solution.

45.95 g of TPC is added while cooling the resulting
mixture using an ice bath, and stirring well for 15
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minutes with a stir speed of 3,000 rpm. The resultant
ICPD is transferred to a cylinder having an extrusion
orifice having diameter = 0.7 mm and L/D = 0.5. The
ICPD is spun into ©pyridine as precipitating solvent and
is simultaneously wound at 20m/min. The wound fibre is
washed with water and dried to obtain the object aromatic
polyamide fibre having an inherent viscosity (I.V.-P) of
5.0 and D/E/T/Mi of 3/7/21/476.
Example 2

The process of Example 1 is repeated but with the
materials and results shown by Table 2.

Table 2
Exp. Pre-Polymerisation Precipitation I.V.-P D/E/T/Mi
No. solvent

Solvent Salt Time

1 NMP CaClz 6 Py (2L) 4.8 1.5/3/22/550
2 NMP CaCl: 8 Py (1.5L)

/NMP (0,5L)/

CaCl. 0.01% 5.2 2/5/20/450
3 NMP CaCl: 11 Py/CaCl. 5% 6.1 2.5/4/19/518
4 DMAC LiCl 7 Py (2L) 4.9 3/3.5/23/560
5 DMAc LiCl 7 Py (1.5L)/DMAC 5.9 2/4.5/21/530
6 DMAc LIC1 9 Py/NMP

(1.7L/0.7L) 6.1 1.5/4.6/20/485
7 DMAc LiCl 8 Py/acetone

(1.5L/0.5L) 6.7 2.5/6.0/22/478

In this table, for instance Py/CaCl, 5% means that
the solvent is pyridine containing 5% by weight CaCla.
Example 3

Example 1 is repeated, using pyridine as the
precipitating solvent but with the materials and results
shown in Table 3.



10

15

20

25

30

35

22
Table 3

Exp. Pclymerisation  Inorganic I.V.-P D/E/T/Mi
No. solvent salt
1l NMP/Py O.5% CaCl2 5.3 1.5/3/20/530
2 NMP/Py 1% CaCl2 5.7 1.5/4.5/23/510
3 NMP/Py 1% CaCl, 6.1 2/4/19/5/9
4 NMP/Py 2.5% CaCl2 6.2 2.5/3.5/31/525
5 DMAc/Py 1% LiCl 5.5 2/3.5/23/49%0
6 DMAcC/Py 2% LiCl 5.9 2.5/3/21/515
7 NMP (1080m1l) /

HMPA (120ml) /Py 1% CaCl2 6.0 3/3.0/24/540
8 NMP (1080ml) /

DMAc (120ml) /Py 1% LiCl 5.8 3/4/20/515
Example 4 ~

Example 1 is repeated but the solvents, L/D and spin
stretch factor (SSF) are in accordance with Table 4.
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Table 4

Exp. Polyrerisation Precipitation L/ SSF  IV.-F IV-W

No. solvent solvent
1 NMP Py (2.5L) 0.5 2.5 6.8 2.5
2 NMP Py/NMP(2.2L/0.3L) 0.5 2.5 6.1 2.3
3 NP Py/NMP(2.0L/0.5L) 1.0 2.0 5.9 2.1
4 NP P’y/CaCl2 7% 1.6 2.0 4.5 1.8
5 DMAC Py (2.0L) 0.5 2.5 5.4 2.0
6 DMAC Py/DMAC

(1.8L/0.2L) 0.5 2.5 6.1 2.2
7 DMAC Py/DMAC

(1.5L/0.5L) 1.0 2.5 5.1 2.1
3 DMAC Py/LiCl 7% 1.0 2.5 4.8 1.9

I.V.-W is the inherent viscosity obtained when, in a
comparative test, the dope is extruded into water instead
of the precipitation solvent.

Example 5

150 ml of NMP and 50 ml of DMAc are introduced into
a dry 1 1 4-neck flask. After dissolving the mixture,
5.4 g of CaCl2 and 4.9 g of PPD are added and completely
dissolved. 9.1%3 g of TPC is added while stirring. The
temperature during the polymerisation is controlled by
circulating cooling water, and is maintained at 40°C.

After the resulting solution is stirred for
approximately 20 minutes, the LCPD is spun into pyridine
through an orifice having a diameter of 0.6 mm and L/D of
0.8, and is wound with a winding speed of 40 m/min. The
resultant fibre is washed with water and dried.

The I.V. of the fibre is 4.9 and D/E/T/Mi is
3/12/21/450.

Example 6

T

ot

YOO



s 0 0 o w1

~4
SRR | |

-

b AN A

10

25

® e
M

e o0
. ©

The process

24

of Example 5 is repeated except that the

polymerisation solvent is replaced and SSF and L/D are
adjusted, as shown in Table 5.
Table 5

Exp. Polymeri- SSF L/D Precipitation I.V-P D/E/T/Mi

No. zation solvent
solvent

1 NMP(180ml)/ 2.0 0.8 Pyridine 5.2 5/11/18/382
DMAc(20ml)

2 NMP{100ml)/ " 1.0 Pyridine 4.8 10/15/14/350
DMAc(100ml)

3 NMP(50ml)/ " 1.0 " 6.0 3/13/21/451
DMAc(150ml)

4 NMP(180ml)/ 2.5 0.5 7.1 7/9/17/400
HMPA(20m1)

5 NMP(150ml)/ " " " 4.7 4/10/21/340
HMPA(50m1)

6 NMP(100ml)/ " 1.0 " 5.4 2/13/23/500
HMPA(100ml)

7 NMP(50ml)/ " Y " 4.8 5/16/17//350
HMPA(150m1)

Example 7
The process of Example 6 is repeated except that the

polymerisation solvent, L/D, SSF and polymerisation

accelerating-precipitation solvent are substituted in

accordance with Table 6.
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TABLE 6
Exp. Polymerisation L/D SSF Precipitation 1I.V.-P I.V.-W
No. solvent solvent
1 NMP{10ml)/ 0.5 2.0 Pyridine 4.9 2.3
DMAcC(50ml) (250ml)
2 NMP(100m1) / 0.5 2.0 Py(200ml) 4,6 2.0
DMAC(100ml ) /NMp{50ml)
3 NMP(80ml)/ 0.5 3.0 Py(300ml) 5.0 2.1
HMPA(70ml)
4 NMP{50m1l )/ 0.5 5.0 Py(282ml) 5.4 2.1
HMPA(100ml) /NMP(18ml)
5 DMAcC(100ml)/ 0.5 5.0 Py(300ml) 5.4 2.2
HMPA(500ml )
6 DMAc(300ml)/ 0.5 5.0 Py(200ml) 5.2 2.3
HMPA(120m1) /DMAc(100ml)
Example 8
After 6.3 g of CaClz is added and dissolved in a mixed

solvent of 130ml NMP and 20 ml DMAc,

dissolved in the mixture, and 9.19 ¢
allowed to polymerise, while
controlled at 40°C by cooling water.

4.9 g of PPD is
of TPC is added and
stirring. The temperature is

After polymerising for 10 minutes, the resulting LCPD is
extruded into pyridine through T-type die.
The resulting film is washed with water and dried.

I.V.-P is 5.1, tensile strength is 1.3. Gpa.
Example 9
After 5.4 g of CaCl; is dissolved in 200 ml of DMAc,

4.9g of PPD is added and stirred for about 5 minutes.
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8,192 of TPC is &added and allowed to polymerise. The
temperature is maintained at 10°C by cooling water while
stirring for 10 minutes. The resulting ICPD is spun into
pyridine through an orifice having a diameter of 0.7mmn
and an L/D of 2, and wound at with a winding speed of 30
m/min.

The resultant fibre is washed with water and dried.
The fibre has an I.Vv. of 4.9 and D/E/T/Mi of
31/1.5/22/450.

Example 10

After 3.82 ¢ of LiCl is added sand dissolved in 200
mli of DMAc, 4.1 g of PPD is dissolved in the mixture
while stirring. 7.66 g of TPC it added and allowed to
polymerise. The polymerisation reaction is carried out at
a temperature of 40°C which is controlled with cooling
water,

The ILCPD is allowed to react for 20 minutes and is
then introduced into a cylinder equipped with an orifice
having diameter of O0.5mm and L/D of 0.5, and is spun
into pyridine.

The spun fibre is wound with a winding speed of 30
m/min, and the fibre is washed with water and dried. The
thus produced fibre has an I.V. of 4.3 and D/E/T/Mi of
5/11/19/450.

Example 11

Fibres ard prepared in the same process as in
Example 10 except that a number of conditions including
the polymerisation solvent, 1i/D, SSF and polymerisation
accelerating-precipitation solvent are changed in
accordance with Table 7.
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TABLE 7
Bxp. Pclymerisation L/D SSF Precipitation I.V. D/E/T/Mi
ﬁc. Solvent Solvent
1 N2 (250ml) 0.5 2.0 Py(300ml) 4.3  3/13/21/473
NMP {250ml) 0.5 3.0 Py(250ml) 4.8 10/15/17/350
/NMP (50m1)
3 NME (150ml) / 0.5 1.0 Py(3GCml) 5.1 2/12/20/470
DMAC (50ml) /CaCl2
(1% by weight)
4 DVMAC (50ml) 0.5 1.0 Py(200ml) 4.9 4/10/19/410
/DMAC (100md)
S NMP (170ml) / 1.0 3.0 Py(300ml) 5.7 2/20/19/395
HMPA (301a1)
6 NMP (100ml) / 1.0 3.0 Py(250ml) -~ 4.9 5/13/20/441
HMPA (100ml) /NP (S0mL)
7 DMAC (150m1) 1.0 2.0 Py(300ml) 5.2 7/18/16/400
HMPA (50ml)
8 DM2c (50ml) 1.0 3.0 Py(230ml) 5.1 6/11/20/370
HMPA (150ml) /BMPA (70r1) '

Comparative Example 1 P

The fibres are prepared by the same process as in
Example 11 except that the resultant LCPD is spun into

water,

The I.V. #®f resulting fibres were compared with
those of fibres according to Example 11, and the results

are shown in Table 8.
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TABLE 8
Expn ﬁQn IQV!‘P I.V.-W

1 .3 1.7
2 8 1.6
3 . 2.3
4 2.1
5 . 2.7
6 .9 2.2
7 .2 2.4
8 .1 2.3

- - - P W = . T T T W Gy W D - G . D S D - - T e - - - — - -

Example 12
After 2.16 g of PPD and 5.05 4 of

3,4~-diaminodiphenyl ether are dissolved in a solution of
5.4 g of CaCl2 dissolved in 200 ml of NMP, 9.19 g of TPC
is added and polymerised for 10 minutes, at a 1low
temperature.

The resulting LCPD are spun into pyridine through an
orifice -with a diameter of 0.3 mm and L/D of, at a
winding speed of 50 m/min and simultaneously washed with
water and ried to obtain a fibre which has an I.v. of
5.6.

Example 13

After 5.4 g of CaCl, and 4.90 g of PPD are dissolved
in a mixed solwent of 100 ml NMP and 100 ml HMPA, 9.19 g
of TPC is added and cooled while stirring. After stirring
for 30 minutes, the resulting LCPD is spun into a mixed
solvent of pyridine/HMPA (80 parts by weight/20 parts by
weight) through an orifice under the same conditions as
in Example 12. The spun fibre is wound, washed with water
and dried. The fibre has I.V. of 4.6 and T/E/Mi/Den of
7/10/400/3.
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Example 14

This example uses the apparatus of figures 1 and 2
ané makes pulp~-like shcrt fibres.

The reaction vessel 1 is purged witﬂ nitrogen cgas
and moisture in the vessel is removed. 250 ml of NMP is
introduced into the vessel 1 and the temperzture is
increased to 80°C. After that, 10.0 g of CaCl2 as metal
halide is added and stirred for 30 min in order to
dissolve it. 10.38 g of PPD is then adéed and dissolved
while stirring for 10 min, and 19.55 g of TPC is also
added and simultaneously stirred vigorously while
maintaining a temperature of 30°C,.

After stirring for 8 minutes, the resulting LCPD is
transferred to the nozzle jet apparatus 7 through a
transfer line 3 with a diameter of 3 mm by the operating
gear pump 4. The diameter of each nozzle is 0.3 mm, there
are 15 nozzles and the gear pump is operated at a
pressure of 3 kg/cm.

Just after the above LCPD begins to be extruded into
the nozzle jet, pyridine having a water content less than
1,000 ppm is forced from vessel 2 «through transfer line 6
having 6 mm diameter into the nozzle jet by the operating
transfer pump 5 which provides a pressure of 0.3 kg/cmz.

In the nozzle jet 7, the LCPD come into contact with-
pyridine at 20°C and then they are simultaneously ejected
by extrusion through an ejection tube 8 that is 6 mm in
diameter and 4 m in length.

The #esulting pulp-like particles and pyridine
solvent are separated by filtration. The filtrate is
recirculated, and the fibres are dried for 5 hours in a
vacuum drier maintained at 110°C. The inherent viscosity
of the pulp-like short fibre is 4.03.

Example 15
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The process is the same as in Example 14, but the
I.V. of the polymer of the ILCPD (I.V.-D) is changed
according o Table 9.

Table 9
5
EXP.NO. I.V."D IQVQ’P
1 2.37 4.53
2 2.79 5.39
10 3 3.04 6.01
cene 4 3.27 5.74
e d 5 3.65 5.21
«e o0
- 6 3.97 5.50
veeses 15 Example 16
TS The fibres are prepared by the same process as in
v Example 14 except that the transfer préssure is adjusted
to 0.5 kg/cm? and I.V.-D and precipitation solvents are
el as shown in Table 10.
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Table l0

Exp. Precipitation . I.v.-D I.v.-P
No. sclvent
1 Py 90 parts/

NMP 10 parts 2.37 5.84
2 Py 70 parts/

NMP 30 parts 2.63 5.31
3 Py 50 parts/

NMP 50 parts 2.45 5.12
4 Py 30 parts/

NMP 70 parts/CaCl2 8% 3.04 6.30
5 Py € parts/

NMP 94 parts 3.71 4,80
6 Py 50 parts/ ‘

DMAc 50 parts 2.46 ~ 5.31
7 Py 70 parts/

HMPA 30 parts 2.95 5.5
8 Py 50 parts/

HMPA 50 parts 3.43 6.13
Example 17

Pulp-like short fibres are prepared by the same
process as in Example 14 except that a tertiary amine is
used as shown in Table 1l1l. I.V.-D is 2.71.
Table 11
Exp.No. Précipitation solvent I1.V.-P
1 triethylamine 4.3
2 t-butylamine 5.47
dimethylethylamine 4.1

Example 18
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The proccess of Example 14 is carried out but the
extrusicn speeds of the LCPD and pyridine, anéd I.V.-D,
are changed as shown in Table 12. The diameter of the
nozzle is 0.5 mm. '

TABLE 12
Exp. Speed of Speed of I.v.-D 1I.V.-P
No. LCPD (m/min) pyridine
(m/min)

1l 2 10 2.73 4.70

2 2 12 2.73 4.80
3 2 20 2.73 5.81
4 4 20 2.59 5.53

5 4 50 2.59 4.76

6 10 50 3.12 6.34

7 10 30 T 3012 6.91

8 15 35 2.95 6.07

9 15 50 2.95 5.91
10 20 50 3.456 6.63
11 25 =70 3.46 5.74
12 30 70 3.46 6.41
13 40 100 3.77 7.14
14 50 130 3.77 6.91
Example 19

The process of Example 14 is repeated except that
the pressure of the gear pump is adjusted to 5 kg/cm2 and
the pressure of circulatory pump is adjusted to 0.7
kg/cmz. The I.V. of the polymer of the LCPD, diameter and
number of nozzles are changed as described in Table 13.
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TAELE 13
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Exp. Diameter
NG. of nozzle
(rem)
1 0
2 0.
3 0.
4 0.
5 0.5
6 .5
7 .5
8 .7
9 7
10 .
11
12
13
14 .
Example 20

Number
of
nozzles

I.Vv.-D

I.V.-P

In this example, the processes are carried out as in
Example 14 except that the I.V.

of the polymer of the
LCPD and the length of ejection tube are altered as shown
in Table 14.
mm and 15, tlie pressure applied to the LCPD is 5 kg/cmz,
and the pressure of pyridine is 0.7 kg/cmz.

The diameter and number of nozzles are 0.5
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TZBLE 14

E):p - Length (m) I qu -D I pVo -P
1 S 2.07 5.69
2 7 3.28 6.73
3 10 2.73 $.13
4 20 2.91 6.27
5 3¢ 3.15 6.47
6 40 2.36 6.43
7 50 2.38 6.27

Example 21

Processes are carried out under the same conditions
as in Example 14, except that different precipitation
solvents are used, as shown in Table 157 When the solvent
is a mixture of NMP and HMPA, 10.0 g of CaCl, is used.
When the solvent is DMAc alone or a mixture of DMAc and
HMPA, 10.0 g of LiCl is wused. Thée nozzles and the
pressures of the LCPD and pyridine are the same as in
Example 20.

- TABLE 15
Exp. Polymerisation I.v.-D I.v.-P
No. solvent
1 NMP (175ml) +HMPA (75ml) 2.14 5.41
2 NMP (125ml) +HMPA (125ml) 1.96 4.97
3 DMAc (250ml) 2.21 5.58
4 DMAc (175ml) +HMPA (75ml) 2.18 4.01
5 DMAc (125ml) +HMPA (125ml) 2,09 4.78
Example 22
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The process is carried out uréer the same ccréitions
as in Examgle 14, except that the mcnomers are replaced
according to Table 16, When using 3,4'-diamincdiphenyl
ether as a mcnomer, the monomers are preferably 25 mole
percent p-phenylenediamine, 50 mcle percent tererhrthalcyl
chloride, and 25 mole percent of 3,4'-diamincdéiphenyl
ether. The diameter and number of nozzles are 0.7 mm and

"15, and the pressures of the LCPD and pyridine are 4§

kg/cm2 and 0.5 kg/cm .

TABLE 16
Exp. Monomer I.v.-D I.v.-P
No.
1 chloro-p-phenylene 1.93 4.46
diamine/terephtha- A
loyl chloride (TPC)
2 4,4'~diaminodiphen- 2.19 4.89
ylmethane/TPC
3 PPF/2,6-naphthalene 1.86 4.83
dicarboxylic acid
chloride .
4 4,4'-diaminediphen- 2.04 5.03
yl sulfone/TPC
5 PPD/3,4'-diaminodi- 1.97 4.68
phenyl ether
Example 23
The processes are carried out under the same
conditions as in Example 14, except that amide
polymerisation ~ solvent contains some tertiary amine
(Pyridine) as shown in Table 17.
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TABLE 17
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ExXp. Polymerisation Incorganic I.V.~D I.Vv.-P
No. sélvent salt
1 NMP/Py 0.5% CaCl2 2.24 5.73
2 NMP/Py 1% CaCl2 2.36 5.79
3 NMP/Py 2% CaCl2 2.51 6.02
4 NMP/Py 2.5% CaCl2 2.53 6.24
5 DMAc/Py 2% LiC1 2.37 5.93
6 DMAc/Py 1% LicC1 2.43 5.94
7 DMAc/Py 2% LiCl 2.49 6.03
8 NMP 70%/ CaCl2 2.35 5.84
HMPA 30%/
Py 1%

- — - . w0 . G . - P WD G S R W e W T R S T S S S T W WA WD G G WS P M WD G W G G A o G G R

Comparative Example 2

In this comparative example, water is used instead
of polymerisation accelerating-precipitation solvent, as
in the prior art,

The inherent viscosity of the prepolymer in the dope

(I.V.~D) and of the final polymer in the water (I.V.-W)
are in Table 18.
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TABLE 18
IQVQ_D I.v.‘h
2.1 2.13
2,37 2.29
3.64 3.16
3.65 3.83
3.97 3.85

Example 24 and Comparative Example 3

This example uses the apparatus of Example 3.
Preparation of the LCPD is according to the process of
Example 14 but using 240 ml of NMP, 7.2 g of CaClz,
6.53 g of PPD and 12.26 g ot TEC. The resultant LCPD is
transferred into dope storage, maintained at a low
temperature by cooling water, and ejected through 3 mm
stainless steel tube into pyridine at 0°C and 3 kg/cm2
nitrogen pressure, while stirring. The impeller has a
diameter of 6.5 cm, a width of 1.2 cm and revolves at a
rate of 1,500 rpm. The distance between the impeller and
the end of ejection tube is approximately 1.0 mm.

In order to examine the effect of pyridine, the LCPD
is also ejected into ‘both water and a 6% NaHCO,; aqueous
solution.

After that, the resultant polymers are washed with
water and dried under vacuum, at 110°C for 6 hours.

The resultant polymers have I.V.s as listed in Table
19.
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TABLE 19
Precipitation Solvent I.v,
Water 2.36
6% NaHCO, 2.37
Pyridine 5.62
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Example 25 and Comparative Example 4

In this example, the same process eas in Example 24
is carried out, but the polymerisation time after adding
TPC, and size and shape of the ejection tube, the stir
rate during extrusion, and the polymerisation
accelerating-precipitation solvent are changed as shown
in Table 20.

Simultaneously, another process using water as the
precipitation solvent is carried out.

The measured I.V.s of the resultant pulp-like short
fibres are listed in Table 20.
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TABLE 20

——

Br. Polyneri- Nurber ard Size Stir Precipitation I1.V.

Nc. sation of orifices rate solvent
Time (rin) (rz)
i 15 1%x3 mm 1500 Water 1.90
Fyridine 4.33
2 17 1x3 mm 3000 Water 3.20
Pyridine 5.81
3 10 1x3 mm 1750 Water 1.95
' Pyridine 5.58
4 13 3x0.1 ma 3000 Water 1.85
Py/CaCl27% 6.48
5 13 3x0.1 mu 3000 Water 2.29
Pyridine 7.10
6 12 3.0.1 mm 3000 Water 3.43
Pyridine 6.01

Example 26 and Comparative Example S

The pulp-like short fibre is prepared by the same
process as in Example 24 except that polymerisation time,
stir rate, and polymerisation accelerating-percipitation
solvent are replaced as shown in Table 21.

The mixture of amide solvent and pyridine is used
as the polymerisation accelerating precipitation solvent.
As a Comparative example, water is also wused as
precipitation solvent, in place of the above mixture.
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TASLE 21
Exp. Pclymerisation Stir Precipitation
Nec. time (min) rate solvent I.v.
(rpm)
1 15 3000 NMP/Py (1/5) 5.64
Water 1.90
2 7 3000 NMP/Py (1/3) 4.96
Water 2.37
3 13.5 3000 NMP/Py (1/1) 5.04
Water 2.25
4 12 3000 NMP/Py (2/1) 8.56
Water 2.43

- > . P S - S - - - - —— — Y - —_—— - > T L > T " - — - - — - - -

Example 27 and Comparative Example 6 ™

A process having the same reaction conditions as in
Example 24 is carried out, but using DMAc as amide
solvent, and LiCl instead of CaCl,. The pclymerisation
time after adding TPC, and the diameter and shape of the
ejection tube are changed as showh in Table 22.

The I.V. when water or ethanol is wused as the
precipitation solvent is shown as a comparison. The stir
rate was 3,000 rpm. A single orifice was used, having the
diameter shown.
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TABLE 22
Exp. Folvmeri- Diameter Precipitation
No. sation Solvent I.V.
5 time (min)
1 8 3 mm Water 2.23
Pyridine 4,65
10
(L 1.1
Ceet o 2 16 3 mm Water 2.53
3. Pyridine 4.92
E.Q.:. DM.AC/PY (1/3) 6-0}.
: .0. 15
¢ 0 3 13 1.5 mm Water 2.40
Pyridine 5.72
:'... DMAcC/Py (1/3) 3.65
TS Acetone/Py(1/5) 3.33
* e 20 Ethanol 2.45

Example 28
The conditions of this example are the same as in

vesees 25 Example 24 except that the composition of the
’ polymerisation solvent and the inorganic salt are changed

as described ir Table 23.
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TABLE 23
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Exp Polymerisation Inorganic I.v.-D I.v.-P

No. sclvent . salt

1 NMP/Py 1% caCl, 2.45 6.21

2 NMP/triethylamine CaCl2 2.39 5.94
0.5%

3 DMAc/triethy- LicCl 2.41 5.91
lamine 1%

4 NMP (70%) /EMPA CaCl2 2.33 5.83

(30%) /Py 0.5%

O - T D T R T D G G e T G G o PGSy Sen - I TR G G D D G G T G S e T ——

Example 29

This example uses the apparatus of Figure 4. The
LCPD is prepared by the same process as in Example 14,
and transferred to the mixer. Simultaneously the LCPD and
the pyridine from the storage cylinder are transferred to
the ejector.

After that, the LCPD and pyridine are ejected at the
same time. The temperature is =-6°C, the diameter and
length of the ejection orifice are 0.3 mm and 3 m, and
the ejection speed of the LCPD is 1 m/min, while the
ejection speed@ of pyridine is 30 m/min. The resultant
pulp-like short fibre had an I.V. of 6.5.

Example 30

” Pulp-like short fibre 1is prepared under the same
reaction conditions as in Example 29 except that the
conditions are as described in Table 24.
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TABLE 24
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Exp. Polymeri- Inor-  Precipi~- I.V.,~D I.V.-P

No. sation ganic tation
solvent salt solvent
NMP CaClz Pyridine 2.1 4.9
NMP LiCl Pyridine 2.35 6.52
NMP CaCl2 Py/CaCl2 2.35 6.5
5%
DMAc LiCl Pyridine 2.21 5.87
DMAc CaCl2 Pyridine 2.48 7.68
6 DMAc LicCl Py/ 2,39 4.01
Acetone
Example 31

The conditions of this example are the same as in
Example 29 with the exception of the I.V. of the polymer
cf the LCPD and the ejection speed (m/min) which are
changed as shown in Table 25.-

TABLE 25
Exp. Ejection I.V.-D I.Vv.-P
No. Speed {(m/min)
1 10 2.18 4.53
2 20 2.53 4.81
3 50 2.41 5.84
4 100 2.05 6.40
5 500 2.23 5.90
6 1000 2.30 7.7
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Example 32

Pulp~like short £fibre is pregared urder the same
conditions as in Example 29, 1.V.s of the polymer cf the
LCPD and the resultant pulp~like short fibres eare
measured as the content of the polymer (weicht) to

pelymerisation solvent (volume) in changed according te
Table 26.

TABLE 26
Exp. No. Content (%) I.V.-D 1.V.-P
1 4.5 1.90 5.61
2 6 2.34 5.81
3 8 2.15 6.04
4 10 2.41 5.73
5 12 2.05 6.41
€ 14 2.23 7.00

-, G S WD e Y WD W . WD WS W WA R G D WS 6 WD GG WS WO S WL T S WGP G S G G S G A S e R WD R W G e A D A G G e W S A

Comparative Example 7

In this comparative example, pulp-like short fibre
is prepared under the same conditions as in Example 29

except that the precipitation solvent is chanced as shown
in Table 27,
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TABLE 27
B Fo.  Precipltstion Lu.eD  10.-p
Sclvent
1 H,0 1.85 2.45

2 NMP/H20 (1:1) 2.07 2.58
3 Methyl alcohol 2.14 2.71
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The claims defining the invention are as follows:

1. A process for preparing fibre and film of aromatic polyamide
characterized by having a microscopic structure of a fully extended
molecular chain, no defect layer perpendicular to the fibre axis and an
inherent viscosity higher than 3.0,

which process comprises polycondensing difunctional aromatic
amine and acid chloride while dissolved in a first solvent and thereby
forming a liquid crystalline prepolymer dope, extruding the dope to form a
fibre or film extruded product into or with a precipitation solvent
comprising a polymerisation accelerator that will complete the
polymerisation of the prepolymer, and stretching the extruded product while
vees COmpleting the polymerisation.
“' e 2. A process according to claim 1 wherein the first solvent

«e 6o
-

e *." comprises a solution in an amide or DMSO of an inorganic salt and the
;’.‘:. accelerator comprises a tertiary amine.
cavoel 3. A process according to claim 1 or claim 2 wherein the first

KRIN solvent includes up to 2% tertiary amine.

M 4, A process according to any one of claims 1 to 3 wherein the
prepolymer in the dope contains repeating units of the foliowing formula
(I or (ID

o -C-R, -CO- NH - R2 - NH - §9)

..:;:. -C0 - Ry - NH - (I1)

(X ] *

Jeve, wherein R] and R2 are the same or different and Rl' R2 and R3 are
****  selected from

@-— X "b@“"
X
(O) x- ©
' X
% .
- i
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A process according to claim 4 wherein the prepolymer in the

dope is & co-polymer or a homo-polymer.

6.

A process according to any one of claims 1 to 5 wherein the dope

is opalesent on stirring just before gelation and is optically anisotropic.

1.

A process according to any one of claims 1 to 6 wherein the

polymer content of the dope is between about 4.0 and 20% by weight.

8.

A process according to claim 7 wherein the polymer content of

the dope is between about 5 and 15% by weight.

9.

A process according to any one of claims 2 to 8 wherein the or

each tertiary amine comprises pyridine, quineline, triethylamine,
t-butylamine, picoline, pyrimidine, pyrazine, or quinoxaline.

10.

pyridine.

1.

A process according to claim ¢ wherein the tertiary amine is

A process according to any one of claims 1 to 10 wherein the

first solvent comprises at least one of N-methyl-2-pyrrolidone,
N,N-dimethylacetamide, hexamethylphospheramide, N,N-dimethylformamide,
N,N-dimethylsulfoxide, tetramethylurea, N-methylpiperidone,
N-methylcaprolactam, N-acetylpyrrolidone, N-ethylpyrrolidone,

f

63f
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dimethylpropionamide, dimethylisobutyramide and dimethylpropylurea.

12. A process according to any one of claims 1 to 11 wherein the
first solvent includes inorganic salt in an amount of 0.5 to 15% by weight.

13. A process according to claim 12, wherein the inorganic salt is
at least one of CaClZ. KC1, LiCl, KBr and LiBr.

14, A process according to claim 13 wherein the inorganic salt is
CaClz.

15. A process according to any one of claims 1 to 14 wherein the
precipitation solvent comprises 10 to 100% tertiary amine, 0 to 90% amide
of DMSO and O to 10% inorganic salt, the percentages being by volume.

16. A process according to any one of claims 1 to 15 wherein the
inherent viscosity of the prepolymer in the dope is from 1.0 to 4.0.

17. A process according to claim 16 wherein the inherent viscosity
of the prepolymer in the dope is 1.5 to 3.5.

18. A process according to any one of claims 1 to 17 wherein the
temperature during the extrusion of the dope is -40°C to 50°C.

19. A process according to claim 18 wherein the temperature during
the extrusion of the dope is -10°C to 40°C.

20. A process according to any one of claims 1 to 19 in which the
dope is continuously extruded into the precipitation solvent and is wound
at a spin-stretch factor of 1 to 4 as a filament or film.

21. A process according to any of claims 1 to 19 in which the dope
is extruded with or into the precipitation solvent with a shear rate of at
least 20 sec'1 and is converted to short fibres.

22. A process according to any one of claims 1 to 19 wherein the
dope is extruded at a speed higher than 5 m/min.

23. A process according to any one of claims 1 to 19 wherein the
dope is extruded into the precipitation solvent while stirring sufficiently
to give a shear rate of at least 20 sec'].

24. The process according to any one of claims 1 to 19 wherein a
stream of the dope joins a stream of precipitation solvent at a 20° to 80°
contact angle and the combined stream is ejected.

25. A fibre and fiim of aromatic polyamide characterized by having a
microscopic structure of a fully extended molecular chain, no defect layer
perpendicular to the fibre axis, inherent viscosity higher than 3.0.

26. A fibre and film of aromatic polyamide according to claim 25
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characterized by having tensile strength higher than 10g/d.

27. A fibre and film of aromatic polyamide according to claim 25
characterized by having tensile strength higher than 1.28 Gpa.

28. A textile manufactured from the aromatic polyamide fibre of any
one of claims 25 to 28 or a fibre made by a process of any one of claims 1
to 24.

29. A reinforcing resin containing, as fibrous reinforcement, fibres
made by a process according to any one of claims 1 to 24.

30. A process for preparing fibre and film of aromatic polyamide
characterized by having a microscopic structure of a fully extended
molecular chain, no defect layer perpendicular to the fibre axis, inherent
viscosity higher than 3.0, which process is substantially as herein
described with reference to any one of the Examples excluding the
Comparative Examples.

31. A fibre and film of aromatic polyamide characterized by having a
microscopic structure of a fully extended molecular chain, no defect layer
perpendicular to the fibre axis, inherent viscosity higher than 3.0, which
fibre and film is as herein described with reference to any one of the
Examples excluding the Comparative Examples.

32. A process for preparing fibre and film of aromatic polyamide
characterized by having A microscopic structure of a fully extended
molecular chain, no defect layer perpendicular to the fibre axis, inherent
viscosity higher than 3.0, which grocess is substantially as herein
described with reference to Figure 1 and Figure 2, Figure 3, or Figure 4
and Figure 5.

33. A fibre and film of aromatic polyamide characterized by having a
microscopic structure of a fully extended moiecular chain, no defect layer
perpendicular to the fibre axis, inherent viscosity higher than 3.0, which
fibre and film is as herein described with reference to Figure 6(a) and
6(b), Figure 7, Figure 8(a), Figure 8(b), Figure 9(a), Figure 9(b), Figure
10¢a), Figure 10(b), Figure 11(a) or Figure 11(b).

34, An aromatic polyamide Tn the form of Tibre or_fitm-whenever
prepared by the process-aeeordtmg to any one of claims 1 to 24, 30 or 32.

== DATED this SECOND day of OCTOBER 1990
Kolon Industries, Inc.

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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