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CKGROUND O E TIO

In a standard procedure for preparing filaments
of pbly(m—phenylene isophthalamide) (MPD-I), isophthaloyl
chloride (ICl) is condensed with m-phenylene diamine
(MPD) in dimethylacetamide (DMAc) as solvent. Hydrogen
chloride (HCl) is a'by-prodnct. The HC1l is ordinarily
neutralized with lime since it is highly corrosive. The
salt which forms, calcium chloride, must ultimately be
removed and dlsposed'of. Presence of the salt in the
solution limits the solubility of the MPD-I and hinders
removal of the solvent during the spinning process.
This all works against obtaining high solids MﬁD-I
solutions which are desirable for spinning processes.

F I ON-

The present invention provides a process for
preparing poly(m-phenylene isophthalamlde) filaments
comprising: :

_ a) reacting m-phenylene diamine with .
isophthaloyl chloride in an amide solvent to produce
'poly(méphenyleﬁe isophthalamidé) in an HCl=-containing
amide solution;

_ . b) passing the polymer solution through a bed
of ion exchange resin in base form to remove HC1l and
collecting an amide solution of the polymer asﬂeffluent:

c) removing amide solvent from the effluent as
necessary to attain suitable viscosity and concentration
of the solution for épinning;fand

d) spinning the solution to form filaments.

" Also provided is a substantially HCl-free,
clear spinning solution consisting of at least 18% by
weight of poly(m-phenylene isophthalamide) in
dimethylacetamide. |
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As is known in the art, MPD-I is made by
reacting MPD with ICl in an amide solvent such as DMAC.
If desired, minor amounts, generally less than 10%, of
p-phenylene diamine and/or terephthaloyl chloride may be
included in the reaction mixture to form copolymers with
slightly different solubility, melting point, etc.
provided their presence does not adversely interfere
with the normal preparation of polymer and manufacture
of filaments. Other amide solvents such as '
dimethylformamide (DMF) and N-methylpyrrolidone (NMP)
may also be useful. -

Suitable conditions for reacting the diamine
and diacyl chloride are well-known to those skilled in
the art. The reaction produces a solution of MPD-I in
the amide solvent. Also present is HCl formed as an
undesirable byproduct. In the prior art processes, the
HCl has been neutralized with lime to minimize
corrosion. The high concentration of calcium chloride
produced by the neutralization limits the solubility of

“the polymer and hinders removal of the solvent during

the spinning process.

In accordance with the present invention, the
HCl is removed by passing the as-produced solution of
the polymerization through a bed of basic ion exchange
resin. It may be desirable to first add more amide
solvent to the solution to reduce viscosity before
contact with the ion exchange resin, so that it can pass
through the ion exchange column more efficiently.
Useful ion exchange resins for this purpose are
commercially available. They react with strong mineral
acids to form amine salts of the acid. Preferably the
resin is weakly basic. One such resin having tertiary
amine functional groups is_AmberlYSﬂ@ A-21 available

" from Rohm and Haas Company of Philadelphia,

Pennsylvania.
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desired for preparing a spin dope. Ordlnarlly, a
portion of the amide solvent is removed by evaporation
under reduced pressure to increase solids concentration
in the dope or to adjust viscosity for spinning. This
process permits the production of clear high

. concentration, i.e., 18% by wt. of polymer in amide
solvent, and above.
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Efforts to prepare a similar
solution by other techniques have been found to result
in cloudy mixtures that are not suitable for spinning.
Finally, the dope is dry spun or wet spun by
techniques well-known in the art. . Thus, in dry
spinning, the dope is extruded through a spinneret into
a hot gaseous atmosphere that removes a portion of the
solvent and then the solvent depleted filaments are

guench coagulated in an aqueous medium that removes

further amounts of solvent. This is commonly followed

by extraction-drawing in which the filaments are drawn
-and washed .to remove residual solvent.

In a wet—spinning process, the extruded
filaments pass directly into an agqueous quench -
coagulation bath and the solvent depleted filaments are
extraction-drawn as before.

Variations of the above described process may
be employed. For example; the solution resulting from
the polymerization may be divided and a major portion
thereof processed as described above to remove HCl and '
the remainder combined with the HCl-free solution. The -
combined solution can be neutralized with lime and a
spin dope prepared by adjusting solvent content to
attain suitable viscosity and concentration for
spinning. Since the combined solution contains a
relatively small amount of HCl, most having been removed
upon passage through the ion exchange resin column, only

a small amount of lime will be needed to effecf

neutralization. Similarly, the small amount of calcium

chloride which is formed will interfere less with

ThlS Sheet Has Been Reﬁlace

~IMWTIIN sypsrimure steer uLe 26




’

cl ear spfnning sol ution consisting of at IeaB$£ﬁBQ$byswmﬁglt of

pol y(m phenyl ene
DESCRI PTI 0\«'

|sophthalan1de) in di met hyl aceR&iaen :
399 NVENTI ON Thi s i nvent i oh-of-fers—a—novet . pro}éﬁ"ﬁ%ﬂmms

preparing MPD-1 filaments. As is known in the art, MPD-1 is nade

v

10

-;:
H
3
$
£

15

20

25

30

35

\\

- "This Sheet Has

i /n://///mniﬂ““'

solvent removal in the spinnlng process and willjéresent
less of a disposal problem.

Still another procedure.that is useful employs
the polymer-forming reactants in less than e@uivalent
proportions. For example, a stoichiometric excess of
diamine will produce low molecular weight polymer having
an excess of amine ends. Because of the low molecular
weight of the polymer, the solution viscosity will be
low and it can be passed through the ion exchange column
very efficiently. The effluent can then be combined -
with additional ICl to form high molecular weight
polymer in a solution that contains less HC1 than it
would have, had equivalent quantities of MPD and ICl
been used initially. The solution containing a reduced
amount of HC1l can then be processed as described above. .

The following examples are illustrative of the
present invention.

EXAMPLES
Example 1
A jacketed flask, with an inlet port on the
top and an outlet port on the bottom, which is
approximately 10.2 cm in diameter and 30 cm in height is
filled to a height of 21 cm with weakly basic A-21 ion
exchange resin. The resin is conditioned by pumping the

following solutions through ion exchange resin: two bed

volumes of 1.5 N agueous sodium hydroxide followed by a
water wash until the effluent is neutral, and then two
bed volumes of 2 N HCl, followed by water rinsing until

‘the effluent is neutral. Next the resin in the column

is treated with two bed volumes of 1.5 N aqueous sodium
hydroxide and rinsed with water until the column
effluent is neutral. Water is removed from the column
by rinsing the resin with 5 bed volumes of anhydrous
DMAC. | |

. To a jacketed 3 L three-necked flask is added
approximately 1000 grams of a 13% polymer solids
solution of poly(m-phenylene isophthalamide) in DMAc
containznq 4% HCl. The solution is obtained by reacting

4
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The polymer solution is stirred and pumped into the top
port of the resin containing flask at a rate of
approximately 14 g/min. The eluent of the flask
‘containing resin is collected at the outlet port of the
flask and tested periodically for polymer'(by'sampling
-and testing for polymer via.precipitation). Once
polymer is detected, the effluent is collected in a
separate container. Polymer is collected until very

- little polymer is detected in the effluent. The
collected material is a solution of poly(m-phenylene
isophthalamide) in DMAc. Some dilution of the poiymer
with DMAc occurs so that the final solids content of the
acid free polymer solution is approximately 5% MPD-I in
DMAc.

Exanmple 2
" To a jacketed 3 liter three-necked flask is
added approximately 800 grams of MPD-I pre-polymer (80%
of stoichiometric ICl added) consisting of approximately
17% polymer solids in DMAc containing 5% HCl. The
-jacketed flask containing polymer and the jacketed flask
containing the resin prepared as in Example 1, are
heated using a circulating water bath of 70°C. The pre-
polymer solution is stirred and pumped into the inlet
port of the resin containing flask at a rate of
approximatel§ 14 g/min. The eluent of the flask from
the outlet port of the flask is tested periodically for
- polymer (by sampling and testing for polymer via
precipitation). Once polymer is'deteéted, the effluent
is collected in a separate container. Polymer is .
collected until very little polymer is detected in the
effiuent. The collected material is a solution of low
molecular weight MPD~I in DMAc. The solids of the
‘solution are determined by evaporation to be 13.21%.

[
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‘ 5 2. The solution is stirred and cooled using an ice bath
and 4.8 g of molten isophthaloyl chloride (ICl) are
added. The ice bath is removed and the solution is
stirred at room temperature for 30 minutes. Next, 2
grams of calcium hydroxide are added and the solution is:
10 stirred for an additional 30 minutes. The polymer
solution is then added to a blender containing a mixture
of water and ice. - The polymer is precipitated, filtered
and washed with water until the water washes are
neutral. The polymer is thoroughly dried. The inherent
15 viscosity at 25°C is 0.57. '

Example 4

oncent o . ution
Polymer effluent from Example 1 is

20 concentrated via vacuum distillation of DMAc as follows:
1000 ml of 5% solids salt free MPD-~I polymer in DMAc is
added to a 2000 ml single neck pear shaped flask. This
flask is connected to a rotary evaporator apparatus. A
vacuum of approximately 28 inches water is pulled on the.

25 apparatus and the flask is rotated at the rate of

| approximately 200 rpm. The rotating flask is then

heated via a water bath of 70°C. DMAc is removed until
the total weight of the pblymer and DMAc in the flask is
208 grams. This corresponds to a 24% MPD-I polymer

30 solids in DMAc. '

-

Example 5

Wet Spinning
A salt~free solution consisting of 24% MPD-I
35 in DMAc was extruded through a 50 hole, 5 mil per hole,
spinneret submerged in a coagulation medium. The
coagulating medium consisted of DMAc/CaCly/Water in a

10/36/54 by weight ratio. The coagulation medium was
contained in an 8' long bath. The. jet velocity of the
40 spinning solution through the spinneret was 13.6 FPM

6
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. PREPARATION OF POLY (M—-PHENYLENE
ﬁ © ISOPHTHALAMIDE) FILAMENTS
5 BACKGROUND OF THE INVENTION
In a standard procedure for preparing filaments

of poly(m-phenylene isophthalamide) (MPD-I), isophthaloyl
chloride (ICl) is condensed with m-phenylene diamine
(MPD) in dimethylacetamide (DMAc) as solvent. Hydrogen

10 chloride (HCl) is a by-product. The HCl is ordinarily
neutralized with lime since it is highly corrosive. The
salt which forms, calcium chloride, must ultimately be
removed and disposed of. Presence of the.salt in the
solution limits the solubility of the MPD-I and hinders

15 removal of the solvent during the spinnihg process.
This all works against obtaining high solids MPD-I
solutions which are desirable for spinning processes.

SUMMARY OF THE INVENTION
20 ' 'The'present invention provides a process for
preparihg poly(m-phenylene isophthalamide) filaments
comprising: '
a) reacting m-phenylene diamine with

1sophthaloyl chloride in an amide solvent to produce
25 poly(m-phenylene isophthalamide) in an HCl-containing
amide solution;
b) passing the polymer solution through a bed

i AP e G G eI

of ion exchange resin in base form to remove HCl and
~_ collecting an _amide solution of the polymer as.effluent;
30 c) removing amide solvent from the effluent as -
necessary to attain suitable viscosity and concentration

of the solution for spinning; and
d) spinning the solution to form filaments.
Also provided is a substantially HCl-free,
35 clear spinning solution consisting of at least 18% by
weight of poly(m-phenylene isophthalamide) in
dimethylacetamide.
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. As is known in the art, for example U.S. Patent
»/é No.3,063,966 MPD-I is made by reacting MPD with ICl in
an amide solvent such as DMAc. If desired, minor

amounts, generally less than 10%, of p-phenylene diamine
and/or terephthaloyl chloride may be included in the.
reaction mixture to form copolymers with slightly
10 | different solubility, melting point, etc. provided their
presence does not adversely interfere with the normal
preparation of polymer and manufacture of filaments.
other amide solvents such as dimethylformamide (DMF) and
N-methylpyrrolidone (NMP) may also be useful.
15 Suitable conditions for reacting the diamine
. and diacyl chloride are well-known to those skilled in
the art. The reaction produces a solution of MPD-I in
the amide solvent. Also present is HCl formed as an
v///undesirable byproduct. 1In the prior art processes, for
20 example U.S. Patent No. 3,498,955, the HC1 has been '
. neutralized with lime to minimize corrosion. The high

concentration of calcium chloride produced by the

oty B T S i

' neutralization limits the solubility of the polymer and
hinders removal of the solvent during the spinning

NP A

25 process.

: In accordance with the present invention, the
HCl is removed by paséing the as-produced solution of
the polymerization through a bed of basic ion exchange

__resin. It may be desirable to_first add more amide

30 solvent to the solution to reduce viscosity before

contact with the ion exchange resin, so that it can pass

through the ion exchange column more efficiently.

Useful ion exchange resins for this purpose are

commercially available. They react with strong mineral

acids to form amine salts of the acid. Preferably the
resin is weakly basic. One such resin having tertiary
amine functional groups is Amberlys€® A-21 available
from Rohm and Haas cOmpany of Philadelphia,
Pennsylvania.

I
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solution. Je&jired for preparing a spin dope. Ordlnarlly, a
' portion of the amide solvent is removed by evaporation

5 under reduced pressure to increase solids concentration.
in the dope or to adjust viscosity for spihning. This
process permits the production of clear high
concentration, i.e., 18% by wt. of polymer in amide
solvent, and'above; Efforts to prepare a similar

10 solution by other techniques have been found to result
in cloudy mixtures that are not suitable for spinning.

_ Finally, the dope is dry spun or wet spun by
techniques well-known in the art. Thus, in dry
spinning, the dope is extruded through a spinneret into

15 a hot gaseous atmosphere that removes a portion of the
solvent and then the solvent depleted filaments are
quench coagulated in an aqueous medium that removes
further amounts of solvent. This is commonly followed

by extraction-drawing in which the filaments are drawn
20 and washed to remove residual solvent. '
In a ﬁet-spinning process, the extruded
filaments pass directly into an aqueous quench
coagulation bath and the 'solvent depleted filaments are ' |

e L T e AR T e T

extractlon-drawn as before. .
-25 variations of the above described process may : !
be employed. For example, the solution resulting from

the polymerization may be divided and a major portion
thereof processed as described above to remove HCl and
~ the remainder combined witn”the_HC1-f:ee solution. The
30 combined solution can be neutralized with lime and a
spin dope prepared by adjusting solvent content to
attain suitable viscosity and concentration for
spinning. Since the combined solution contains a
relatively small amount of HCI, most having been removed
35 upon passage through the ion exchange resin column, only
a small amount of lime will be needed to effect '
neutralization. Similarly, the small amount of ca1c1um
chloride which is formed will interfere less with
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Still another procedure that is useful employs
the polymer-forming reactants in less than equivalent
5 proportions. For example, a stoichiometric excess of
diamine will produce low molecular weight polymer having.
an excess of amine ends. Because of the low molecular
weight of the polymer, the solution viscosity will be
low and it can be passed through the ion exchange column
10 very efficiently. The effluent can then be combined
" with additional ICl to form high molecular weight
polymer in a solution that contains less HC1l than it
would have, had equivalent quantities of MPD and ICl
been used initially. The solution containing a reduced
15 - amount of HCl can then be processed as described above.
The following examples are illustrative of the
present invention.

gt ¢ eine i
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EXAMPLES
20 Example 1
) A jacketed flask, with an inlet port on the
top and an outlet port on the bottom, which is
approximately 10. 2 cm in diameter and 30 cm in height is
filled to a height of 21 cm with weakly basic A-21 ion
25 exchange resin. The resin is conditioned by pumping the
following solutions through ion exchange resin: two bed
E ~ volumes of 1.5 N aqueous sodium hydroxide followed by a
water wash until the effluent is neutral, and then two
_ _bed volumes of 2 N HC1l, followed by water rinsing until
30 the effluent is neutral. Next the resin in the column
is treated with two bed volumes of 1.5 N aqueous sodium
hydrox1de and rinsed with water until the column
effluent is neutral. Water is removed from the column
by rinsing the resin with 5 bed volumes of anhydroue
35 - DMAc. '

TR,

. - To a jacketed 3 L three-necked flask is added
approximately 1000 grams of a 13% polymer solids
solution. of poly(m-phenylene. isophthalamide) in DMAc

containing 4% HCl. The solution is obtained by reacting
This Sheet Has Been Rei aced ‘
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containing polymer and the jacketed flask containing the

resin are heated using a circulation water bath of 70°C.

5 The polymer solution is stirred and pumped into the top -
poft of the resin containing flask at a rate of
approximately 14 g/min. The eluent'of the flask
containing resin is collected at the outlet port of the

' flask and tested periodically for poiymer (by sampling

10 and testing for polymer via precipitation). Once
polymer is detected, the effluent is collected in a
séparate container. Polymer is collected until very
little polymer is detected in the effluent. The
collected material is a solution of poly(m-phenylere

15 isophthalamide) in DMAc. Some dilution of the polymer :
with DMAc occurs so that the final solids content of the
acid free polymer solution is approximately 5% MPD-I in
DMAc.

20 Example ‘2 . :

" - To a jacketed 3 liter three-necked flask is ;?
added approximately 800 grams of MPD-I pre-polymer (80% gy
of stoichiometric ICl added) consisting of approximately E
17% polymer solids in DMAc containing 5% HCl. The H

25 jacketed flask containing polymer and the jacketed flask
coﬂtaining the resin prepared as in Example 1, are
heated ﬁsing a circulating water bath of 70°C. The pre-
polymer solution is stirred and pumped into the inlet

.. port of the resin containing flask at a rate of .

30 approximately 14 g/min. The eluent of the flask from
the outlet port of the flask is tested periodically for
polymér (by sampling and testing for polymer via
precipitation). Once polymer is detected, the effluent
is collected in a separate container. Polymer is |

35 collected until very little bolymer is detected in the
effluent. The collected material is a solution of low
molecular weight MPD-I in DMAc. The solids of the

solution are determined by evaporation to be 13.21%.
e
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processed ai desarlged above. The follomnng exanples are |IIustrat|ve of
t he present Example 1 A jacketed flask, with an jnlet port on

the top and an out | et Tpoat Aoy 5RO Bt E&Rinvkehtle. fitted with a
: mechanical stirrer, and a nitrogen purge are added
192.7 g of pre-polymer solution as prepared in Example
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5 2. The solution is stirred and cooled using an ice bath
and 4.8 g of molten isophthaloyl chloride {ICl) are
added. The ice bath is removed and the solution is
stirred at room temperature for 30 minutes. Next, 2
grans of calcium hydroxide are added and the solution is

10 stirred for an additional 30 minutes. The polymer
solution is then added to a blender containing a mixture
of water and ice. The polymer is precipitated, filtered
and washed with water until the water washes are

- neutral. The polymer is thoroughly dried. The inherent
15 viscosity at 25°C is 0.57.

Example 4
concentration of Polymer Solutlon

Polymer effluent from Example 1 is
20 concentrated via vacuum diStillation of DMAc as follows:
1000 ml of 5% solids salt free MPD-I polymer in ‘DMAC is-
added to a 2000 ml single neck pear shaped flask. This
flask is connected to a rotary evaporator apparatus. A
¢/vacuum of approximately 64 cm (28 1nches) water is
25 pulled on- the apparatus and the flask is rotated at the
rate of approximately 200 rpm. The rotating flask is
then heated via a water bath of 70°C. DMAc is removed
until the total weight of the polymer and DMAC in the
_ flask is 208 grams. This corresponds to a 24% MPD-I
30 polymer-solids in DMAc. e

Example 5
" Wet Spinning
A salt-free solution con51st1ng of 24% MPD-1

35¢/1n DMAc was extruded through a 50 hole, 0.127 cm (5 mil)

per hole, spinneret submerged in a coagulation medium.

The coagulating medium consisted of DMAc/CaClj/Water in
_ a 10/36/54 by weight ratio. The coagulation medium was
i V/contained in an 2.44m (8 feet) long bath. The jet
; 40 velocity of the spinning solution through the spinneret
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:-;approm mately 10,2 cmin diameter and-30 cmin hei ght is f|IIed to a hel ght.

of 21 tmwth weakly basic A-21 2h ol exChalde r€sin. The resi

condi ti oned by punping the follgw ng sol utiions through ion e E‘Hﬁ b’é
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iyinsdhg the resin with 5 bed volumes of anhydrous DMAC. Ta a jacketed 3
ree- necked flask is added approxi mately 1000 1giomce®fiag BEBRO poI ymer

sofli ds sol ution y(m phenyl ene i sopht hal amde) . irgpifAddp contja £631
. The squFW%ﬁ‘ bt ai ned by reactir | d wi-t-h—-MRD—-n—-DMAG *E$ﬁﬁg a5

isk serves as the(;ese&yoir for the acid polyner. The Jacketed fla

1. A process for preparing poly(m—phenylene
isophthalamide) filaments comprising:

_ a) reacting m-phenylene diamine with-

5 isophthaloyl chloride in an amide solvent to produce
poly(m-phenylene isophthalamide) in an HCl-containing
amide solution:;

b) passing the polymer solution through a bed
of ion exchange resin in base form to remove HCl and
10 collecting an amide solution of the polymer as effluent;
c) removing amide solvent from the effluent as
necessary to attain suitable viscosity and concentration
of the solution for spinning; and
d) spinning the solution to form filaments.
15 ' . _
2. A process according to Claim 1 wherein the
amide solvent is dimethyl acetamide.

3. A process according to Claim 1 wherein the
20 ion exchange resin has tertiary amine functional groups.

4. A process for preparing poly(m-phenylené
isophthalamide) filaments comprising: ' '
a) reacting m-phenylene diamine with
25 isophthaloyl chloride in an amide solvent to produce
poly (m-phenylene isophthalamide) in an HCl-containing
amide solution:; ' '
b) passing a major portion of the polymer
solution through a bed of ion exchange resin in base
30 fofm to remove HC1l and combining the HCl-free effluent
of polymer in amide solvent with the remaining HCl-~
containing polymer solution:
c) neutralizing the HCl of the combined
solutlons by addition of lime;
35 d) removing solvent as necessary to attaln
suitable viscosity and concentration of the solution for
spinning; and

' L““‘—--_‘~;‘__ e) spinning the solution to form filaments.
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3[ning'pb|yner and the jacketed f ?$% QfﬁAQBBQ* he resin are heated .
h a circulation water bath of 70] 6§@Theewoly r solution is stirred

HeMRIMinto the top port of the rgsin.cont PETLUSIIOH4S ot e Of
bxi mately 14 g/nin. The eluent of the flask containing resin is

cted at the But| & RrAGess fow preparimg pely (m-phenpliedsl |y for-
r (iy O%ﬁenéwﬂlaaﬂ rﬁanaatfsoaoagb:m% ia..precipitation), Once

r | s co} Iegéggd tﬁ'ggp n| éfp&%e%évqr&,détg&%ﬂwﬁpg tealelzlfelruent. '
i chloride with a stoxchiometric excess of m-phenylene

5 diamine to produce an HCl-containing solution of low

molecular weight polymer having an excess of amine endsé

| b) passing the polymer solution through a bed

of ion exchange resin in base form to remove HCl and
recovering the HCl-free effluent of polymer in amide .

solvent;

c) adding isophthaloyl chloride to the
effluent to form high molecular polymer and byproduct
HC1:

d) neutralizing the HCl by addition of lime;

e) removing so;venﬁ as necessary to attain
suitable viécosity and concentration of the solution for
spinning; and :

| | f) spinning the solution to form filaments.

6. A clear spinning solution consisting of at
least 18% by weight of poly(m~phenylene isophthalamide)
in dimethylacetamide.

7. A method of removing HC1 from a solution of
poly(m-phenylene isophthalamide) in an HCl-containing
amide solvent, comprising passing the solution through a
bed of ion exchange resin in base form and recovering
the HCl-free amide solution of the polymer.

This Sheet Has Been Replaced .-
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coLFected material is a solution of poly(m phenyl ene |sophthalan1de) in

DMAC. Some dilution of the polymer with DMAC occurs so ftrat—the—fditade
~solids content of the acid free polyner solution is appr’Bﬂ$ﬁﬂEﬁ1_UA’5§ﬁdﬂ3bl
Exanple 2 To a jacketed 3 liter three-necked f] ask REBLAGESed
approxi mately 800 grans of MPD-1 pre-polyner (80% of storchrometrte—ia

i n DVAC.

added) conglaime of approxi mately 17% pol ymer solids in DVAc containing 5%
H3 . The jacketed fJ ask CORAINA0 UMY A ghGpdAekgted flask

poly (m-phenylene isophthalamide) filaments from reacting
m-phenylene diamine with isophthaloyl chloride in an
amide solvent to produce poly(m-phenylene isophthalamide)
in an HCl-containing amide solution, the HCl in part
being neutralized by lime characterized in that a major
portion of the HCl-containing polymer solution is passed -
through a bed of ion exchange resin in base form to
remove HCl

a) combining the HCl-free éffluent of polymer
in amide solvent with the remaining HCl-containing
polymer solution

b) neutralizing the HCl of the combined
solutions by addition of lime;

c) removing solvent as necessary to attain
suitable viscosity and concentration of the solution for
spinning; and _ '

d) spinning the solution to form filaments.

5. An imprbved process for preparing poiy(m-
phenylene isophthalamide) filaments from reacting
m-phenylene diamine with isophthaloyl chloride in an
amide solverit to produce poly(m-phenylene 1sophthalam1de)
in an HCl-containing amide solution, the HCl1l in part
being neutralized by lime characterized in that

| a) reacting in an amide solvent, isophthaloyl
chloride with a stoichiometric excess of m-phenylene
diamine to produce an HCl-containing solution of low
molecular weight polymer having an excess of aming ends;

' b) passing the polymer solution through a bed
of ion exchange resin in base form to remove HCl and
recovering the HCl-free effluent of_polymer in amide
solvent; ' _ ‘

c) adding isophthaloyl chloride to the

effluent to form high molecular weight polymer and
byproduct HCl;

This Sheet Has Been Re;

(T

HIIlI

__4d) neutralizing the HCl1l by addition of lime;
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E
cont‘fai\ni ng the resin prepared as in Exanple 1, are heated using a’
circulrating water bath of 70[err]C The pre- polyner sol uthm,;g§H§£rTgE ‘J

and punped into the inlet port of the resin containing flagk at pasf,
approxi mately 14 g/mn. The eluent of the flask fromthe od of th
flask is tested periodically for polymer (by Sanpling and testi ng for

pol ymer via precipitat)onremgwingpsiojvent asdeietrisithryt *'tﬁ:&éﬂ:él is
col l ected | Bud teNY &SR ﬁ!%w ol | d un ver little
pol yner is detect.ed in the et? Irhﬁ{ent e coa:‘islec ooter%ﬁ%ﬁ" i“?%"‘é ®Fution

of 1ow Spinning; and
: £) splnnlng the solution to form filaments.

f
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[eckl A Swerght MPD- | sl MM TP Sl Tlls T of b b isBl i o7
b. “evapor ati op | Red edle} DG -Exa-ﬁ’p}e*f{To ry - 566 T esT n Ketté
i %,g“ebtm ical stirrer, and a nitrogen purge ar (? q
pre poy as prepared in Exanple 5 2. The soeluft*isbi %%%ggi ?&ed
and co I ce bath SR N A v _ ; E
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_amide solvent with the remaining HCl-co

_N;m‘t_c_Lu_ug

1. An impreved process for preparing
poly(m—phéhylene isophthalamide) filaments from
reacting m-phenylene diamiﬂe with ieophthaloyl chloride in
an amide solvent to produce poly(m-phenylene isophthalamide)
in an HCl-containing amide solution characterized by

a) passing the -polymer solution through a bed of
jon ‘exchange resin in base form to remove HCl and collecting
an amide solution of the polymer as effluent;

b) removing amide solvent from the effluent as
necessary to attain suitable viscosity and concentration of
the solution for spinning; and '

c) spinning the solution to form filaments.

2. A process according to Claim 1 wherein the
amide solvent is dimethyl acetamide.

3. A process according to Claim 1 wherein the ion
exchange resin has tertiary amine functional groups. '

£ 4. A pracess according-te—elaim—l-wherein
a major portlon of the HC1-conta1n1ng polymer solution is

passed through a bed of ion exchange resin in base fo to
remove HCl
a) combining the HCl-free effluent polymer in

solution — . .

b) neutrallzlng the Hc ~of the comblned solutlons

by addition of lime;
c) removing s ent as necessary to attain

suitable viscosity afid concentration of the solution for

spinning; and

~spinning the solution to form filaments.
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remmgS&%aw&n%%l&Ed on is sti;'rred at . room-t enper at ur e for 20 M-nut-es

Nekt cium hydrOX| de are added and the sol uti dm.ngssx—mT MAS BEEN
st r_rfl HHMHH H ional 30 mnutegs. Lhe,Qpol yer, sol Ui @n ils t hesPiR@ERd t o
a mxture df.Vateérangd jcel “The, polymerlis

—tp—

precipitated, filtered and washed wi t h’,WaIEr unti 3.t he..wat-€r washes are
neutral . The pol ymer i's thoroughl y dri ed. The [ nherent 15 ‘viscosity at
s 0.5&4: Y

25[err

,-;ilm——-f-)-———spinning—the—seiution_tsﬁ form filaments. —

6. A method of removing HCl from a 'solution of
- poly(m-phenylene isophthalamide) in an HCl-containing amide
solvent, comprising passing the solution through a bed of

ion exchange resin in base form and recovering the HCl-free
amide solution of the polymer.
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Concentration of Polymer Solution Polymer effl uent from gL is 20
cdncentrat vacuum fﬁb% 108GME? " of 5%
sol izds salt MPD- 1 pol ymner to a 2000 m St ngl e neck

pear nﬁfﬁﬁ%ﬁmkmﬁhcmidmﬁﬁBmm WM@mtmmmW (PCT).

apparatts—A—vacaH-of BPPTOXTE yr28—tnches—water——s—put-ted—
apparisteptions), Patent, Glassification %75 [ ot ot | : (IR)M'!‘ Mﬁﬂ”ﬁtelyﬁgw

The rmwtﬁl‘ﬂgﬁoﬂﬁsﬂﬁmzs then heat eq err, &i” Qﬁﬁ
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) Title: PREPARATION OF POLY(M-PHENYLENE ISOPHTHALAMIDE) FILAMENTS
) Absteact '

In the ptepamuon of poly(m-phenyléne isophthalamide) filaments, hydrogen chloride is removed from as-produced amide solution of
_#m-phenylene isophthalamide) by contact with basic ion exchange resin.
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goé'grans This corresponds to a 24% MPD-1 polyner 30 solids in DMAcC. A
Salt-free solution consisting of 24% HPD-1 35 in DVAC was extruded. thro

a 50 hole, 5 m| per hole, spinneret subnerged in a coagu EEQQEQWEWPQHEgh

coagul ati ng nedi um consi sted of DVAc/[ery]/Water in a 10/ 3
ratio. The coagul ati on nmedi um was contai'ned in an 8 |ongjQath ]gﬂ i
velocity of the 40 spinning solution through the spinnerét m%g' -'Q§EE¥

5 peooyis |

: IIILE
PREPARATION OF POLY (M-PHENYLENE

ISOPHTHALAMIDE) FILAMENTS

BACKGROUND _OF THE INVENTION
_ In a standard procedure for preparing filaments
of poly(m-phenylene isophthalamide) (MPD-I), isophthaloyl
chloride (ICl) is condensed with m~phenylene diamine
(MPD) 4in diﬁethylacetamide (DMAc) as solvent. Hydrogen
chloride (HCl) is a by-product. The HCl is ordinarily
neutralized with lime since it is highly corrosive. The
salt which forms, calcium chloride, must ultimately be
removed and disposed of. Presence of the salt in the
solution limits the solubility of the MPD-I and hinders
- removal of the solvent during the spinning process.
This all works against obtaining high solids MPD-I
solutions which are desirable for spinning processes.

(o) : ON

The present invention provides a process for
preparing poly(m-phenylene isophthalamide) filaments
comprising: - ' ‘

a) reacting m-phenylene diamine with -
isophthaloyl chloride in an amide solvent to produce.
poly (m-phenylene isophthalamide) in an HCl=-containing
amide solution; o .

b) passing the polymer solution through a bed
of ion exchange resin in base form to remove HCl and
collecting an amide solution of the polymer as effluent;

‘¢) removing amide solvent from the effluent as
necessary to attain suitable viscosity and concentration
of the solution for spinning; and

d) spinning the solution to form filaments.

Also provided is a substantially HCl-free,
clear spinning solution consisting of at least 18% by

weight of poly(m-phenylene isophthalamide) in
dimethylacetamide.



7 (ft/min), with a wind-up speed of 40 FPM The fiber was wasm@bmowahﬂt
and drawn approximately 4X across a hot bar to give 2.1 dpf f

T/ E/ M5. 5 gpd/ 32% 94gpd. 8 1. A process for preparing pol

DETAILED DESCRIPTION OF THE INVENTION

This invention offers a novel process for
preparing MPD-I filaments. -

aAs is known in the art, MPD~I is made by
reacting MPD with ICl in an amide solvent such as DMAc.
If desired, minor amounts, generally less than 10%, of
p-phenylene diamine and/or terephthaloyl chloride may be
included in the reaction mixture to form copolymers with
slightly different solubility, melting point, etc.
provided their presence does not adversely interfere
with the normal preparation of polymer and manufacture
of filaments. Other amide sdlvents such as

dimethylformamide (DMF) and N-methylpyrrolidbne (NMP)
may also be useful.

/

Suitable conditions for reacting the diamine
and diacyl chloride are well-known to those skilled in
the art. The reaction produces a solution of MPD-I in
the amide solvent. Also present is HCl formed as an
undesirable byproduct. In the prior art processes, the .
HC1l has been neutralized with lime to minimize
corrosion. The high concentration of calcium chloride
produced by the neutralization limits the solubility of

" the polymer and hinders removal of the solvent during.
the spinning process. '

In accordance with the present invention, the
HCl is removed by passing the as-produced solution of
the polymerization through a bed of basic ion exchange
resin. It may be desirable to first add more amide
solvent to the solution to reduce viscosity before
contact with the ion exchange resin, so that it can pass
through the ion exchange column more efficiently.

Useful ion exchange resins for this purpose are
commercially available. They react with strong mineral
acids to form amine salts of the acid. Preferably the
resin is weakly basic. One such resin having tertiary
amine functional groups is Amberlyst® a-21 available

from Rohm and Haas Company of Philadelphia,
Pennsylvania.



| sopht hal am de) filanments conprising: a) reacting m phenylene diamn
-5 isophthal oyl chloride in an am de sol vent to produce pol y(m phenyl

i sopht hal ami de) in an HO -contai ning am de sol ution; b) passing the
solution through a bed of ion exchange 3esin in base formto renove

10 dCO' | fcti Ng anTHE dorcéntrabion aha wierveitys of ftherHClefree
am de Ssolv
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desired for preparing a spin dope. Ordinarily, a
portion of the amide solvent is removed by evaporatio
under reduced pressure to increase solids concentration
in the dope or to'adjust viscosity for spinning. This
process permits the production of clear high
concentration, i.e., 18% by wt. of polymer in amide
solvent, and above. Efforts to prepare a similar
solution by other techniques have been found to result -
in cloudy nixtures that are not suitable for spinning.

Finally, the dope is dry. spun or wet spun by
techniques well-known in the art. Thus, in dry
spinning, the dope is extruded through a spinneret into
a hot gaseous atmosphere that removes a poftion of the
solvent and then the solvent depleted filaments are
guench coagulated in an agueous medium that removes
further amounts of solvent. This is commonly followed
by extraction-drawing in which the filaments are drawn
-and washed to remove residual solvent.

In a wet-spinning process, the extruded
filaments pass directly into an aqueous quench
coagulation bath and the solvent depleted filaments are
extraction~drawn as before. , , _ :

variations of the above described process may
be employed. For example, the solutioh resulting from
the polymerization may be divided and a major portion
thereof processed as described above to remove HCl and
the remainder combined with the HCl-free solution. The
combined solution can be neutralized with lime and a
spin dope prepared by gdjusting solvent content to
attain suitable viscosity and concentration for
spinning. Since the combined solution contains a
relatively small amount of HCl, most having been removed
upon passage through the ion exchange resin column, only
a small amount of lime will be needed to effect
neutralization. Similarly, the small amount of calcium
chloride which 'is formed will interfere less with




d);spinning the solution to formfilaments. 15 2. A process accordin
.Caim1l wherein the am de solvent is dinethyl acetam de. 3. A proces
according to Claim1 wherein the 20 ion exchange resin has tertiary

functional groups. 4. A process for pgeparing pon(n}phenerne

'2§Opht ha'ﬁcﬂlf‘éﬁtf readRals itnte Spihningr peodets ) el e e
I sop al o

chl r|de 1N de solvent to produce poly(n}p
i sopht hal ﬁfﬁe%f #ﬁaﬂﬁp
still another procedu:e that is useful employ

the polymer-forming reactants in less than equivalen
proportions. For example, a stoichiometric excess of
diamine will produce low molecular weight polymer having
an excess of amine ends. Because of the low molecular
weight of the polymer, the solution viscosity will be
low and it can be passed through the ion exchange column
very efficiently. The effluent can then be combined
with additional ICl to form high molecular weight
polymer in a solution that contains less HCl1 than it
would have, had equivalent quantities of MPD and ICl
been used initially. The solution containing a redueed
amount of HCl can then be processed as described ebove.

The following examples are illustrative of the
present invention. :

EXAMPLES
Example 1

A jacketed flask, with an inlet port on the
top and an outlet port on the bottom, which is
approximately 10.2 cm in diameter and 30 cm in height is
filled to a height of 21 cm with weakly basic A-21 ion
exchange resin. The resin is conditioned by pumping the
following solutions through ion exchange resin: two bed
volumes of 1.5 N aqueous sodium hydroxide followed by a
water wash until the effluent is neutral, and then two
bed volumes of 2 N HCl, followed by water rinsing until
the effluent is neutral. Next the resin in the column
is treated with two bed volumes of 1.5 N aqueous sodium
_hydroxide and rinsed with water until the column _
effluent is neutral. Water is removed from the column
by rinsing the resin with 5§ bed volumes of: anhydrous
DMAc. '

To a jacketed 3 I three-necked flask is added
approximately 1000 grams of a 13% polymer solids
solution of poly(m-phenylene isophthalamide) in pMac
containing 4% HCl. The solution is obtained by reactir
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am de solution; b) passing a major portion of the polyner s
‘a bed of ion exchange resin in base 30 formto renpve HC
the HO -free effluent of polynmer in am de solvent with the r
cont ai ni ng pol yner sol ution; c) neutraliaing the HO of the

sol uti ons Eé addi tion of line renDV|ng ol vany

necessar y ICd Miftd M%Qui-%bméh?rsc'sm-ﬁyqﬁ&‘%m 8 tlh
for spinnpegerdtir for the acid polymer. The jacketed fla

containing polymer and the jacketed flask containing the
resin are heated using a circulation water bath of 70°C.
The polymer solution is stirred and pumped into the top
port of the resin containing flask at a rate of '
approximately 14 g/min. The eluent of the flask
containing resin is collected at the outlet port of the
flask and tested periodically for polymer (by sampling
and testing for polymer via.precipitation). Once
polymer is detected, the effluent is collected in a
separate container. Polyﬁer is collected until very
little polymer is detected in the effluent. The
collected material is a solution of poly(m-phenylene
isophthalamide) in DMAc. Some dilution of the polymer
with DMAc occurs so that the final solids content of the

acid free polymer solution is approximately 5% MPD-I in
DMaAc.

Example 2

To a jacketed 3 liter three-necked flask is
added approximately 800 grams of MPD-I pre-polymer (80%
of stoichiometric ICl added) consisting of approximately
17% polymer solids in DMAc containing 5% HCl. The
jacketed flask containing polymer and the jacketed flask
containing the resin prepared as in Example 1, are
heated using a circulating water bath of 70°C. The pre-~
polymer solution is stirred and pumped into the inlet
port of the resin containing flask at a rate of
approximately 14 g/min. The eluent of the flask from
the outlet port of the flask is tested periodically for
polymer (by sampling and testing for polymer via - .
precipitation). oOnce polymer is detedted, the effluent
is collected in a separate container. Polymer is '
collected until very little polymer is detected in the
effluent. The collected material is a solution of low
molecular weight MPD-I in DMAc. The solids of the
solution are determined by evaporation to be 13.21%.



e) spinning the solution to formfilanents

: 5. A process fO’Rgf;@d;l?EMMSHEET
‘pol y(m phenyl ene i sopht hal am de) filanents conprising; a) reac ran
am de sol vent, isophthal oyl [

chloride with a stoichioneteric excv S O} . Jf‘N 1997 i
m phenyl ene di amine to produce an HC -confgai ning sol ution of |ow il ecular
wei ght poly | Dgean excess of am ne ends; b) passing the pc -
sol ution thgm%é%

To a dry 500 ml resin kettle fitted withla -
mechanical stirrer, and a nitrogen purge are added
192.7 g of pre-polymer solution asc prepared in Exauwple
' 2. The solution is stirred and cooled using an ice bath

and 4.8 g of molten isophthaloyl chloride (ICl) are
added. The ice bath is removed and the solution is
stirred at room temperature for 30 minutes. Next, 2
grams of calciun hydroxide are added and the solution ig
stirred for an additional 30 minutes. The polymer
solution ie.then added to a blender containing a mixture
of water and ifce. The polymer is precipitated, filtered
and washed with-water until the water washes are

neutral. The polymer is thoroughly dried.
15 viscosity at 25°C is 0.57.

10

‘The inhe:.;ent

Example 4
cent olyner Solutio

Polymer effluent from Example 1 is

20 concentrated via vacuum distillation of DMAc as follows:
1000 nl of $% solids salt free MPD-I polymer in DMAc is
added to a 2000 ml single neck pear shaped flask. This
flask {s connected to a rotary evaporator apparatus. A
vacuum of approximately 28 inches water is pulled on the

25

apparatus and the flask is rotated at the rate of
approximately 200 rpm. The rotating flask is then
heated via a water bath of 70°C. ' DMAc is Temoved until

the total.weight of the polymer and DMAc in the flask it

208 grans. This corresponds to a 24% !mn-:‘. polynmexr
30 solids in DMAc.

TExample B
Yet _spinninag

A salt-~free solution consisting of 24% HPD~I

35 in DMAc was extruded through a 50 hole, 5 mil per hole,
spinneret submerged in a coagulation meditm. The
coagulating medfum consisted of DMAc/CaCly/Water in &
10/36/54 by weight ratio. The coagulation mediun was
contained in an 8' long bath. The jet velocity of the

40

spinning solution through the spimneret was 13.6 FPM



of ion exchange resin in base formto renpve HJ and recovering the

.HCO -free effluent- of polyner in am de solvent; c¢) adding isophthal oyl _

-chloride to the effluent to form high nol ecul ar pol ynmer and byproduct HC

d) neutralizing the HO by addition of Line; e) renoving solvent as

necessary to attain iuitable vi scgsity and copncentration of _the ?% ution
The £

for spinning: ak8t/PiB)iWith & ¥ind-un $Pees of A9 FBMent er was

washed with water and drawn approximately 4X across a
hot bar to give 2.1 dpf fiber with
T/E/M=5.5 gpd/32%/94gpd.
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6.. A clear spinning solution consisting of at |east 18% by weight of
poly(n}phenylene | sopht hal am de) in dinethylacetamde. 7. A nethod of
removing HO froma solution of poly(m phenylene isophthalanide) in an
HCl - cont ai ni ng am de sol.vent, conpri singgpassing the solution through a
of ion exchang€lLAIMSn i n base form and rgboverlng the HC -free anide

solution of the polynery, a process for preparing poly(m-phenylene
isophthalamide) filaments comprising:
a) reacting m~phenylene diamine with
5 isophthaloyl chloride in an amide solvent to produce
poly(m-phenylene isophthalamide) in an HCl-containlng
amide solution;
b) passing the polymer solution through a bed
of ion exchange resin in base form to remove HCl and
10 collecting an amide solution of the polymer as effluent;
- c) removing amide solvent from the effluent as
necessary to attain suitable viscosity and concentration
of the solution for spinning; and.
d) spinning the solution to form filaments.

15

2. A process according to Claim 1 wherein the
amide solvent is dimethyl acetamide. '

3. A process according to Claim 1 wherein the
20 ion exchange resin has tertiary amine functional groups.

4. A process for preparing poly(m—-phenylene
1sophthalamide) filaments comprising: '
a) reacting m-phenylene diamine with
25 isophthaloyl chloride in an amide solvent to produce
poly (m-phenylene isophthalamide) in an HCl-containing
amide solution:;
b) passing a major portion of the polymer
solution through a bed of ion exchange resin in base
30 form to remove HCl and combining the HCl-free effluent
of polymer in amide solvent with the remaining HCl-
containing polymer solution;
¢)  neutralizing the HC1l of the combined
solutions by addition of lime;
35 d) removing solvent as necessary to attain
suitable viscosity and concentration of the solution for
spinning; and

e) spinning the solution to form filaments.

RO




§. A process for preparing poly (n=-phenylene
isophthalamide) filaments comprising:

a) reacting in an amnide solvent, {sophthaloyl
chlotide with a stoichiometric excess of m-phenylene
dfamine to produce an HCl-containing solution of low
molecular weight polymer having an excess of amine ends;

b) passing the polymer solution through a bed
of ion exchange resin in base form to remove HCl and
recovering the HCl-free effluent of po!.ymer in amide
solvent:

c) adding isophthaloyl chloride to the
effluent to form high molecular po!.ymer and byproduct
HCl;

d) neutralizing the HCl1 by additi.on of lime;

e) removing solvent as necessary to attain
suitable viscosity and concentration of the solution for
spinning: and

£f) spinning the solution to form. filements.

- 6. A clear spinning solution consisting of at

least 18% by weight of poly(m-phenylene isophthalamide)
in dimethylacetanmide.

7. A method of removing HCL from a solution of
poly (m~phenylene isophthalamide) in an HCl=containing
amide solvent, comprising passi.ng the solution through a
bed of ion exchange resin in bhase form.and recovering
the HCl-free amide solution of (:he polynmer. -

_—

Iy
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ABSTRACT
PREPARATION OF PbLY(M—PHENYLENE ISOPHTHALAMIDE) FILAMENTS
In the preparation of poly(m-phenylene isophthalamide) filaments, hydrogen chloride is

removed from as-produced amide solution of poly(m-phenylene isophthalamide) by contact with

basic ion exchange resin.



