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I VV 111V Process for Preparation of Polyamide From Dinitrile and Diamine
Techanical Field 5 10 15 20 This invention relates to a two-step process
for the production of polyamides from a,w-dinitriles and a,w-diamines. More
specifically, the invention relates to a process for preparing polyamides
wherein hydrolysis of the dinitrile is achieved by addition of water with
simultaneous purging (i.e., venting) of water vapor prior to polymerization
by addition of diamine to the hydrolysate. Background Art Polyamides are
conventionally prepared by the condensation polymerization of a diacid,
such as adipic acid, and a diamine such as hexamethylene diamine, or by the
polymerization of lactams such as scaprolactam. Other processes are known
which involve preparation of polyamides by reaction from a,w-dinitriles and
a,w-diamines in the presence of water. For example, Greenewalt U.S. Patent
No. 2,245,129 discloses a two-stage process in which a reaction mixture
comprising a dinitrile, diamine, and water is heated in a first stage in a
closed reaction vessel until a low molecular weight polyamide is formed,
followed by heating at atmospheric or reduced pressure to remove liberated
ammonia and excess water in a second stage to form a higher molecular
weight polyamide. Shyu et al. U.S. Patent No. 4,739,035 discloses a
two-step process for manufacturing polyamides from a,w-dinitriles and
a,w-diamines in the presence of water comprising reacting the dinitrile and
water in the presence of a 25 catalyst under autogenous pressure and at a
temperature sufficient to cause substantial hydrolysis of the dinitrile and
subsequently adding the diamine to the resulting hydrolysate. The resulting
reaction mixture is heated at a temperature sufficient to cause
polymerization. Up to about 10 weight percent of the diamine may be present
during the hydrolysis step. Addition of the major portion of the    WO
00l37537 -2 S 



26 May 2003 PCTNS99/28238 diamine after substantial hydrolysis of the
dinitrile reduces the formation of triamines, for example
bis(hexamethylene)triamine (BHMT) when the diamine is hexamethylene
diamine. The polyamides formed had triamine levels in the range of 200 to
1,300 ppm compared to 1,420 to 1,610 ppm obtained using processes in which
the diamine was added gradually over the course of the reaction. The
presence of triamine causes branching and cross-linking of the polyamide
which results in gelation and significant polymer quality deterioration.
Liehr U.S. Patent 5,627,257 discloses a two-step process which claims to
further reduce triamine formation. In the first step, the dinitrile is 10
hydrolyzed under autogenous pressure until at least 85% of the hydrolysis
product is dicarboxylic acid prior to addition of the diamine. The
hydrolysis is conducted 15 ~t 20 in a weakly acidic medium in the presence
of a catalyst system of at Least one oxygen-containing acid of phosphorus
and/or at least one water-soluble calcium, zinc, manganese or cadmium salt.
The pH of the hydrolysis reaction medium is adjusted by adding a sufficient
amount of at least one saturated aliphatic or aromatic dicarboxylic acid.
The dicarboxylic acid solution from the first step is reacted in a second
step with at least an equimolar amount of diamine, expelling the resulting
ammonia and water at an elevated pressure and temperature, and then
polycondensing the mixture to yield a spinnable polyamide while gradually
releasing the pressure. Triamine levels of between 500 and 600 ppm were
achieved. A shortcoming of this process is that substantial amounts of
co-catalyst are utilized. For example, the level of the dicarboxylic acid
used ranged from about I to 13 weight percent based on the adiponitrile
Level. Disclosure of Invention 25 The present invention overcomes the
shortcomings of known processes by providing polyamides with low levels of
triarnine impurities without the need for high amounts of cocatalysts. More
specifically, the present invention provides a two step process (i.e.,
a,ca-dinitriles hydrolysis followed by the addition of the a,w-diamine and
polymerization) utilizing a dicarboxylic acid as the sole    WO 00/37537 -3
26 May 2003 PCT/US99/28238 ' catalyst. The polyamide product of the
invention has been found to have lowered triamine levels when compared to a
two step processes which does not utilize the novel water purge step and
simultaneous venting of water and ammonia during hydrolysis. S Thus, the
present invention provides an improved process for producing polyamide from
an a,w-dinitrile and an a,w-diamine comprising the steps of: (a) contacting
an a,w-dinitrile with water and an effective amount catalyst in a reactor,
in the absence of the a,w-diamine, at a temperature and a pressure to cause
hydrolysis of the a,w-dinitrile, and for a time sufficient to hydrolyze the
a,w 



10 dinitrile to an overall conversion of at least 9S%; wherein water is
added during said hydrolysis with simultaneous venting of the reactor to
remove ammonia and water vapor; (b) adding an a,w-diamine to said
hydrolysate produced in step (a) (c) heating the hydrolysate and diamine
mixture in the presence of water for 1 S a time sufficient to polymerize;
and then (d) recovering polyamide characterized by low triamine content. In
one embodiment of the process the a,w-dinitrile is adiponitrile, the
a,w-aiamine is hexamethylenediamine, and the catalyst for hydrolysis is a
mixture of phosphorous acid and calcium hypophosphite, wherein the
recovered polyamide is 20 poly(hexamethylene adipamide) characterized by a
BHMT content of below 1,000 ppm. Modes for Carrying Out Invention The
process of the current invention comprises a two-step process for preparing
polyamides from at least one a,w-dinitrile and at least one a,w 2S diamine.
In the first step, the a,w-dinitrile is contacted with water in a reactor
in the presence of a catalyst, and in the absence of the a,w-diamine, at a
temperature and a pressure sufficient to cause hydrolysis of the
a,w-dinitrile. During the hydrolysis step, water is added to the reactor
and the ammonia formed during the hydrolysis and a portion of the water is
removed by venting the reactor.   WO 00l37537 -4 26 May 2003 PCTlUS99/28238
In the second step of the process of the current invention, the hydrolysate
from the first step is contacted with the diamine at a temperature
sufficient to cause polymerization and form a polyamide. The pressure is
generally reduced during the polymerization and water and ammonia is
remo~~ed, for , 5 example by venting, to increase the molecular weight of
the polyamide. The a,w-dinitriles useful in the process of the current
invention have the formula: NC-R-CN where R is a divalent aliphatic
(straight chain or branched), alicyclic or aromatic 



10 organic radical containing 1 to 20 carbon atoms. Preferably R is a
divalent straight chain aliphatic radical containing 2 to 8 carbon atoms.
Representati~~e a,c~~dinitriles include adiponitriie, suberonitrile,
sebaconitrile, 1,12-dodecane dmitrile, terephthalonitrile, methyl
glutaronitrile and the like. The preferred a,c~-dinitrile is adiponitrile.
15 The a,w-diamines useful in the process of the current invention have the
formula: R'HN-R-NH-R" where R is as defined above, and R' and R" are each
independently selected from hydrogen or a univalent aliphatic, alicyclic or
aromatic radical. R' and R" are r 20 preferably hydrogen particularly when
high molecular weight product is desired. a ,w-Diamine useful in the
process of the current invention include hexamethylene diamine,
tetramethylene diamine, 1,12-dodecane diamine, and p-xylene diamine. The
preferred a,w-diamine is hexamethylene diamine. The catalyst used in the
hydrolysis step can include any substance 25 which promotes the hydrolysis
of nitriles. Without the catalyst, the hydrolysis reaction is slow and
leads to an increase in degradation products. Representative classes of
catalysts include oxygen-containing phosphorus compounds, oxygencontaining
boron compounds, oxygen-containing sulfur compounds, metalcontaining
compounds, such as copper or manganese, aliphatic and aromatic   WO
00I37537 -5 26 May 2003 PCT/US99/28238 carboxylic acids, and Lewis acids.
Specific examples of catalysts include phosphoric acid, phosphorous acid,
hypophosphorous acid, pyrophosphoric acid, sodium hypophosphite hydrate,
manganese(II)hypophosphite monohydrate, calcium hypophosphite, sulfuric
acid, sulfamic acid, sodium bisulfate, ammonium S hydrogen sulfate,
phosphotungstic acid hydrate, phosphomolybdic acid hydrate, zinc acetate
dihydrate, zinc sulfate heptahydrate, copper(II)acetate monohydrate,
calcium acetate, acetic acid, glycolic acid, adipic acid, terephthalic
acid, lanthanum trifluoromethanesulfonate, manganese{lI)acetate
tetrahydrate, cetyltrimethylammonium bromide, and 12-molybdosilicic acid
hydrate. Mixtures 10 of catalysts can be used. An effective amount of
catalyst to promote the hydrolysis is needed in the present invention. The
effective amount of catalyst will depend on the catalyst type. Typically
this falls within the range of 0.10 to 500 mmole of catalyst based on one
mole of dinitrile. Water is used in the current invention both as a
reactant in the 15 hydrolysis of the dinitrile in the first step and as a
processing aid in the polymerization in the second step. The amount of
water used in the hydrolysis step should be at least equal in stoichiometry
to the amount of dinitrile to be hydrolyzed. Typically an excess of water
is used. Up to about 1,000 mol% water may be added with the dinitrile at
the start of the hydrolysis step. 20 In the hydrolysis step, the dinitrile,
water, and catalyst are heated at a temperature of between 200 C and 300 C,
preferably between 220 C and 280  



C, while purging the reaction by pumping water into the reactor and
removing some portion of the added water, as steam, through venting.
Ammonia formed during the hydrolysis is also removed during venting. The
reactor design is not 25 critical. Examples of suitable reactors include
stirred autoclaves, unstirred autoclaves, column reactors, tube reactors,
and loop reactors. The process is generally run in the absence of air. The
air may be removed by any known process such as by purging the reactor with
inert gases, including nitrogen or argon, evacuating the reactor and
filling it with inert gases, and pressurizing the reactor    04-12-2000
~,..., ",. , . , v ` ~ ' 1 y ! 1, US 009928238' 26 May 2003SUBS'I'iTUTE
PAC1E - 6 -with inert gases followed b5~ venting to 1 atmosphere. These
processes may berepeated as many times as desired. The temperature range of
the process isdetermined by the rate of the hydrolysis reaction. At
temperatures blow 200 C,the rate of the hydrolysis reaction is generally
too low to be economically useful.SAt tcmpezatures above 300 C,
sigtu.~tcant amounts of byproducts tnay be formed.The reaction temperature
can be maintained constant throughout the course of thereaction or can be
varied. T6e rate of water addition into the reaction variesdepending an the
reaction scale, the reactor sixe, the reactor desi gn, the
reactionterr~paratuxe and the like, Zn general, the rate of water addition
will be within the10range of 0.01 to I00 moles of water per hour based on 1
mole of the dinitrile.Preferably, the rate of vvator addition will be
within the range of 0.1 to I 0 moles ofwater per hour based on 1 mole of
dinitrila. The water purge may be turned on atany stage of the hydrolysis
process. The purge rate may be constant throughoutthe hydrolysis) the rate
may be varied, or the purge may be turned off azld on over1 Sthe course of
the hydrolysis.The reaction pressure during hydrolysis is maintained
between about0.I72.4 to 6.895 Mf'a (25 to 1,000 psig). The reaction
pressure may be controlledby the vent setting. The length of the hydrolysis
process will be a function of thereaction temperature, process design,
reaction catalyst type and level and the like.20The reaction time should be
sufficient to hydrolyze at least 95 male percent of thenitrite groups.
Preferably, the time should be long enough to hydrolyze at least 98mole
percent of the nitrite groups.In the second step of the currant invGntian,
di~amine is added to thehydrolysate formed in the first slap and
polymcxixad to form a polyamide, The25a,~-dianune should be added at a
level of within IO mole percent of eqe~.imolarbased on the starting
a,a~-dinitrile. Tht exact level will be detormirred by themolecular weight
desired) the reactor design) losses of the dinitrile during thehydrolysis
process, and losses of diamine during the polymerization process.Prferably
the polyamide formed has balanced amine ends, or a slight excess of3 0said
ends so that high molecular weight polyamtde is obtained. It has been found
AMENDED SHEET   _ _ . . .. . . . ~ , ~ , . : _ ~. -. U S 009928238
04-12-2(700 26 May 2003 SUBS'TrTLITE PAGE - '1 that some of the
ac,w,dinitrile may be Iost during the hydrolysis step due to forraation of
cyclopentanono) which is volatile and is removed dur~ag venting of the
reactor with the aqueous purge. Therefore, levels of diamine that are Less
than equirnolar based on the starting a,w-dinitrile have been found to
provide improved 5 polymer quality by impmwing the balance of amine and
acid ends and reducing the 1vel of HHMT in the polymer. Other substances
caa be added with the diamixie such as water, stabilizers, polymerization
catalysts, and processing aids. Addition of water to the diami~ne
facilitates transfer of all of the diamine to the reactor. Al! of the
diarnine can be added at the start of the polymerization stag or the
diamine 10 can be added gradually during the polymerization. The
polymerization process involves heating the hydrolysate from the first
step, diaaiinc) and water at a temperature of between about 204 C to 350 C,
The temperature of the process is d~ctermined by the rate of the
polymerization and the rnclting point of the product polymer. The reactor
design is not critical. 15 The reactor may be tis~ same reactor design used
for the hydrolysis process or may be different. The pmcess is generally run
is the absenGC of air. Tb~e air may be removed by any known process
including those described for the hydrolysis step. The pressure 3n the
polymerization process may be in the range of 0 to 6, 895 mPa (Q to 1,Q00
prig) or may be performed under vacuum. The pressure may ba ZO constant
throughout the polymerization process ar may be varied. Generally the
pressure will be rtduced during the polymerization process. The reaction
time required to farm polymer will be a function of the specific reactants,
the product desired, the reaction temperature, the reaction pressure, and
the like. Generally the polymerization process will require from 0.1 to 10
hours. The specific 25 temperaturelprcssure profile will gonerally depend
on the specific reactants us ad and the product desired. It has been found
that when poly(hexamGthylenc adipamide) is prepared tom adiponitrile
hydrolysate and hexamethylene diarnine using the pz~ocess of the current
invention, the polymerization process may include heating the reactants to
between 250 C and 310 C with pressures between x .399 30 and 2.06$ MPa (200
and 300 psig) (set by the vent), followed by reducing the AMENDED SHEET
US 009928238 04-1 G-2000 26 May 2003 SUBSTITUTE PA~(3E - 8  pressure to
atmospheric attd finishing in the temperature r~rnge of about 250 C to 3 i
0 C. 



Test Methods: In the following Examples the composition of the reaction
mixtwre S obtained by hydrolysis of adiponitrile was determined by high
pressure liquid chromatography (HPLC) analysis with a W detector. This
method does not detect adiponitrile in the reaction mixture. The weight
portent reported for the reaction products is based on the total weight of
the hydrolysate. The poly(hexatnethylenc adiparnide) prepared in the
Examples was 10 analyzed for amine and acid ends by the methods described
on pages 293 snd 294 in volume 17 of the "Encyclopedia of Industrial
Chemical Analysis" published by John yViley & Sons, Inc, in 1973. The
reiative viscosity (RV) of the polyatnidc samples was measured as the ratio
of the viscosity of a solution of 8.4 wt% polymer in a solution of 90 1 S
wtal formic acid and 10 wtro water at 25 C, tp the viscosity of the formic
aci d water solution, measured in the same waits at 25 C.
Bis(hexamathylene)triamine (BIdIvIT) levels were datertni~ned by gas
chromatography (GD) analysis of polyamide hydrolysate prepared by
hydrolyzing the poIyamidc in hydrochloric acid. 20 Example 1 This example
demonstrates the hydrolysis of adiponitrile at Z70 C using a water purge in
a vznted reactor with a combination of phosphorous acid 25 and calcium
hypophosphite as the hydrolysis catalyst. A mixture of adiponitnile (150,00
grams, a .39 rraole), water (125.00 grams, 5.94 mole), phosphorous acid
(0.DT5 grams), and calcium hypophosphite (0.027 grams) was added to e.1
liter stainless steel autoclave at room temperature. The autoclave was
pressurized to 0.413 7 MPa (60 psig) with nitrogen and the 30 pressure was
then released. This operation was rep~atul for a total of 6 times. AMENDED
SHEET   US 009928238 0.4-1 ~-200 



- ~ 26 May 2003 SUBSTITUTE PAGE - 9  After releasing the pressure the final
time, the reaction mixture was stirred and the autoclave heated to 270 C.
After achieving 270 C, water was pumped into 'the autoclave at a rate of I
mL per minute. Through ventiag, the reaotio~p pressure was maintained
between 4.192 and 3.544 IvIPa (508 and 514 prig) during the 5 course of the
experiment Aflcr 2 hours of purging with water at 270 C, the water purge
was stopped and the closed autoclave was allowed to cool to roam
temperature. A sample of the contents of the autoclave was analyzed by
HPLC. The results of the IiPLC analysis are reported below in Table 1. Na
nitrile containing compounds were detected in the hydroIysate. 10
Comparative Example A 'this example demonstrates the hydrolysis of
adipanitrile at 270 C in a closed reactor, under autogonous pressure using
a combination of phosphorous acid and calcium hypophosphitc as the
hydrolysis cat$iyst. A rnixtura of adiponitrile (150.00 grams, 1.39 mole),
water (125.00 1 S grams, b.94 mole), phosphorous acid (0.075 grams), and
calcium bypophosphite (0,027 grams) was added to a 1 liter stainless sEeel
autoclave at room tamp~rature. The autoclave wag pressurized to 0.413 7 MPs
(s0 psig) with nitrogen and then the pressure was released. 'r7tis
operation was repeated for a total of 6 times. Vlrith stirring) the
autoclave was heated to 270 C. After achieving 270 C, a peak 20 autogenous
pressure of 4.378 MPs (63S prig) was observed. During the course of this
operation the pressure slowly reduced to 3.3 x6 MPs (48 I psig) observed ai
the end. After 2 hours at 270 C) the autoclave was allowed to cool to room
temperature. A sample of the contents of the autoclave was analyzed by
'PLC. The results of the ~TPLC analysis are reported below in Table I. The
xasults for 25 Example 1 and Comparative Example A demonstrate the improved
convexsion of nitrite ands when the hydrolysis is~ conducted with an
aqueous purge compared to autogenous pressure in a closed reactor.
Nitrite-containing compounds were not detected in the hydrolysata of
Example 1, ~~hereas the hydrolysate of Comparative Example A contained 16.4
wtio 5-cyanovaleramide and 16.3 wtf 5-cyanorraleric 30 acid. AMENDED SHEET
04-12-2000 US 009928238 26 May 2003 



SUBSTITUTE PAGE - 10  Example 2 This example demonstrates the hydrolysis of
adiponitxile at 230 C with a water purga in a vented xeactor maintained at
a pressure betwea~ 2.392 and 2.193 NLfa (347 and 31$ psig) using a
combination of phosphorous acid and 5 calcium hypophosphite as the
hydrolysis catalyst. A mixture of adiponittile (150.00 grams, 1.39 mole),
water (125.00 grams, 6,94 male), phosphorous acid (0.075 grams), and
calcium hypophospbite (0,027 grates) was added to a 1 liter Stainlc55 steel
atttaclavc at roam temperature. The autoclave was pressurized to 0.4137
Iv~'a (60 psig) with nitrogen and the 10 pressure was then released. This
operation was repeated fox a total of 6 times. With stirring) the autoclave
was heated to 230 C. After achieving Z30 C, a water purgo was pumped into
the autoclave at a rate of 1 mL per minute. Through venting, the reaction
pressure was maintained between 2.392 and 2.193 MPa (347 and 318 psig)
during the course of the experiment. After 6 hours at Z30 C) the 15 water
purge was stopped and the autoclave was allowed to cool to room
temperature. A sanpple of the contents of the autoclave was analyzed by
~iPLC. Th results of the ~iPLC analysis are reported below in Table 1. The
hydrolysate contained no detectable 5-cyanovaleramide and 1.6 wt% of
5-cyanovalcric acid. AMENDED SHEET   . _ _. .. ~ , . ~ , . ~ . - , ---. US
009928238 04-12-2000 26 May 2003 SIJBS'1'xTUTE PAGE - 11 Ex~umple 3, This
exaxnpic demonstrates the hydrolysis of adiponitrile at 234 ~C with a
'water purge in a vented reactor maintained et a pressure between 2a75 and
i.910 MPa (330 and Z77 psig) using a combination of phosphorous acid and 5
calcium hypophosphite as the hydrolysis catalyst. A mixt~.~re of
adiponitrile (150.40 grams, 1.39 mole), water (125.40 grams, b.94 mole))
phosphorous acid (0,4?5 grams), and calcium hypaphasphite (0.027 grams) was
added to a 1 liter stainless steel autaclar~e at room tcxnperature. The
procedure of Lxample 2 was followed except the pressure in the reactor was
10 maintained between 2,275 and 1.914 Ml'a (330 and 277? prig during the
course of the experiment, A seumple of the contents of floe autoclave was
analyzxd by HPLC. The results of the IiPLC analysis are reported below in
Table 1. 'The hydrolysatc rontaincd na detectable 5-cyanovaleramide and 1.4
wt% of 5-cyanovaleric acid. Example 4 15 This example demonstrates the
hydrolysis of ediponitrile ai 330 C with a water purge in a vented reactor
maintained at a pressure between 1.785 and 1.424 MPa (259 and 206 psig)
using a combination of phosphorous acid and calcium hypophosphite as tire
hydrolysis catalyst, A mixture of adipornitrile t154.00 grams, 1.39 molt),
eater (125.00 z0 grazes, 6.94 mole), phosphorous acid (0.075 grams), and
calcium hypophasphite (0.027 grams) was added to a 1 Iiter stainless steel
autoclave at room temperature, 'The procedure of Example 2 was followed
except the pressure in the reactor was maintaindd between 1.78b and I.420
MPa (259 and 246 prig) during the course of the experiment. A sample of tha
contents of the autoclave was analyzed by I~PLC. 25 The results of the HPLC
analysis are reported below in 'fable 1. The hydrolysatc contained no
detectable 5-cyanovalcramidc and 0.~ wt% of 5-cyanovaleric acid, 



AMENDED SHEET   04-12-2000` ~ ~ ~ ' ~ ~ US 009928238 ' 26 May 2003
SLTBSTITU'Tlr PAGE - I2  Example 5 This example demonstrates the
k~ydrolysis of adiponitxile at 23Q C with a water purge in a vented reactor
maintained at a pressure between 2.268 and 2.006 MPa (329 and 291 psig)
using calcium hypophosphite as the hydrolysis 5 catalyst. A mixture of
adiponitrile (150.00 grauu, I.39 mole), water (i25.b0 grams, 6.94 mole),
and caloiurn hypophosphite (0.183 grams) was added to a 1 liter stainless
steel autoclave at room temperature. The procedure of Example 2 was
followed except the pressure in the reactor was maintained bttween 2.268
and 10 2.006 MPa (329 and 291 prig) during the course of the experiment. A
sarnplc of the contents of the autoclave was analyzed by HPLC. The results
of the I~PLC analysis are reported below in Table 1. The hydzolysatc
contained L0 wt% 5-cyanovaleram~ide and 1.6 wt% of 5-cyanovaleric acid.
Cony ersion of the nitrite groups was less than that obtained in Exanr~ple
3, which used a aonnbination of 15 calcium hypophosphite and phosplaorous
acid catalyst. Example 6 This example demonstrates the hydrolysis of
adiponitrilc at 230 C with a water purge in a vented reactor maintained at
a pressure between 2.234 and 2.103 MPa (324 and 305 psig) using half the
amount of calcium hypophosphitc 20 hydrolysis catalyst as that used in
Example 5. A xnixturc of adiponitrile (150.00 grams, 1.39 moie), water
(I25.00 grams, 6.94 mole), and calcium hypophosphite (0.091 grams) was
added to a 1 Iiter stainless steel autoclave at room tcmperaxure. The
procedure of Example 5 was followed with the pressure in the reactor being
maintained between 2.234 and 25 2.103 IrrIPa (324 an8 305 psip,) during the
course of the expc~ment. A sample of the contents of the autoclave was
analyzed by HPLC. The results of the HPLC analysis are repartrod below in
Table 1. The hydrolysate contained 0.6 wt% 5-cyanov aleramide and 1.4 wt%
of 5-cyanove.leric acid, Conversion of the nitrite groups was less than
that obtained in Example 3, which used a combination of 30 calcium
hypophosph'rtc and phosphorous acid catalyst. AMENDED SHEET   n v n . . . v
V r i . v ~~~ 04-12-2000 US 009928238 ' ~ 26 May 2003 SUBSTTTLJT"E PAGE -
I3  Example 7 This example demonstratGS the hydrolysis of adiponitrile at
230 C with a water purge in a vented reactor maintaizted at a pressure
between 2.475 and ?.Ub2 MPa (359 and 299 prig) using adipic acid as the
hydrolysis catalyst. 3 A mixture of adipo~'titriIe ( 150.04 grains, 1.39
mole), water ( 125.00 gramis) 6.94 mole) and adipic acid (22.50 grams) U.15
mole) was added to a 1 liter stainless steel autoclave at roam temperature.
The procedure of Eacample 2 was followed with the pressure in the reactor
being maintained beriveen 2.475 amd 2.062 MFa (359 and 299 psig) dtuing the
course ofthe experiment. A sample of IO the contents of the autoclave was
analyzed by HpLC. The results of the HPLC analysis are reported below in
Table 1. The hydrolysate contained no detectable 5-cysnovaleramide aad L 1
wt% of 5-cyanovalerio acid. 



Exac~aple 8 This example demonstrates the hydrolysLs of adiponitrile at 230
C I 5 with a water purge in a vented reactor maintained at a pressure
between 2.289 and 1.834 Ml'a (332 and 266 prig) using zinc sulfate as the
hydrolysis catalyst. A mixture of adiponitrile (154.44 grams, X.39 mole),
water (125.00 grams, b.94 mole) and zinc sulfate heptahydrate (0.309 grams)
was added to a 1 liter stainless steel autoclave at roam temperature, The
,procedure of Example 2 20 was followed with the pressure in the reactor
being maintained between 2.289 and 1.834 MPa (332 and 266 prig) during the
course of the experiment. A sample of the contents of the autoclave was
analyzed by HPLC. The results of the I-IPLC analysis arc reported below in
Table 1. The hydrolysate contained 0.4 wtlo 5cyanovaleramide and 1.1 wt% of
5-cyanovaleric acid. AMENDED SHEET   04-1.2-?000 US 009928238 . 26 May 2003
SU'H S TIT'Uf E PACxIr - 14  Table 1 Hydrolysis Product AnalySis~b? ~-Cyano
5Adipamic5-CyanoAdipicValerieExampleAdip~nideAcidValeramideAcidAcidwt~
1S~~.t~'~'tfl~~~1cwt~ ~1I 1, 926.8Nd~~9.7NDA13.72S.116.46,4lb.310
213,433.01~'D33.5l.bsg.z29.oNn3g.2z.4410.631,9ND39.30.5517.535.21,.026,71.6
6Q2.433.10.fi35.S1.41 S 71 I .032.1ND36.8I.1812.934.50.434.1 -1.1 (a) "ND"
signifies that the material was not detected. (b) Reported results
represent the average of two determinations, 20 Example 9 This example
demonstrates the two step process of the current invention. Adiponitrile is
hydrolyzed with an aqueous purge rising a. combination of phosphorus acid
and calcium hypophasphite as the catalyst followed by addition of
hexamethylene diamine arad polyr~oade~nsatian to foxrn 25
poly(hcxamethylane adipamide). A mixtuxe of adipanitrile, {39.00 grams,
0.36 mole), water (32.40 grams) 1.80 mole), phosphorous acid (0.02 grams),
and calcium hypophosphite (0.007 grams), was gadded to a 300 cc stainless
steel autoclave. The autoclave was pressurized to 2.0b8 MPa (300 prig) with
nitrogen and then the pressure was 30 releasdd) 'This operation was
repeated far a total of 3 times. Tixe autoclave was AMENDED SHEET   - V ~
US 009928238 0 ~-'! 2-2000 BUBSTITCJTE PAGE - 15  26 May 2003 then
pressurized to 2,068 MPs (300 prig) with nitrogen, vented to 0,1379 MPs (20
psig) nitrogen, and heated to 250 C with stirring. After achieving 25p C, a
water 



purge w:~a pumped into the autoclave at a raze of 6 ce per hour. Through
venting, the reaction pressure was maintained at 1.724 MPs (250 prig)
throughout the 5 course of the axperime~rtt. After b hours at 250 C, the
water purge was discontinued and the autoclave was allowed to cool to room
temperature. The autoclave was opened and hexamethylcnediaxnine {40.20
grams, 0.35 mole) and water (25.00 grams) were added. The autoclave was
resealed, pressurized to 2.06$ MPs (300 prig) with nitrogen, and then the
pressure was released. This operation 10 was repeated for a total of 3
times. The autoclave was then pressurized to 2.068 MPs (300 prig) with
nitrogen followed by venting to 0.1379 MPs (20 prig) nitrogen. The
autoclave was heated to 275 C with stirring and the vent set at 1.724 MPs
(250 psig). After achieving 275 C, the pressure was reduced to atmospheric
pressure over one hour. The polymerization was fiziishcd at 15 atmospheric
pressure and 275 C for 45 r~ainutos and then the autoclave was allowed to
cool tv room temperature. The resulting product was analyzed for relative
viscosity (R'~, end groups, and bis(hexamethylenc)triamine (BHMT) level
with the results shown below in Table 2. Example 10 20 A mixdrre of
adiponitrile (39,00 grams, 0,36 mole), water (32a0 grains, 1.80 mole))
phosphorous acid (0.02 grams)) and calcium hypophosphite (0.007 grams) was
added to a 300 cc stainless steel autoclave. The hydrolysis procedure
described in Example 9 was followed except that the water purge was pumped
into ttae autoclave at a rate of 9 cclhour instead of 6 cclhour. After 25
hydrolysis, the autoclave was opened arrd hexamethylenediamine (40.20
grams, 0.35 mole), and water (5.0 grams) were added. The autoclave was
rasealad and polycondcnsatian was conducted using the procedure described
in Example 9. '1"he resulting product was aaalyzrd for relative viscosity
(RV), end groups, and bis{hexannethylene)triamine {BHMT) level with the
results shown below iu 30 Table 2. AMENDED SHEET   0~-12-2000 SUHSTITCTZ'E
pACrE -16  US 009928238 26 May 2003 Example I 1 



A mixture of ariiponitrile (39.00 grams, 0.36 male), water (32.4D grams)
1.80 mole), phosphorous acid (0.02 grams)) and calcium hypophosphite (0.007
grams) was added to a 300 cc stainless steel autoclave. The hydrolysis 5
procedure described in Example 9 wes followed. After hydrolysis, the
autoclave was opened and hexamethylcncdiamine (40.30 grams, 0.35 mole) and
water (2.00 grams) were added, The autoclave was resealed. The autoclave
was pressurized to 2.0b8 MPa (300 psig) with nitrogen and then tho pressure
was released. This operation was repeated for a total of 3 dines. The
autoclave was 10 pressurized to 2.068 MPa (300 prig) with nitrogen and than
vented to 0,1~ 379 MPa t20 psig) nitrogen. With stirring, the autoclave was
heated to 275 C with the vent set at 1.724 NLPa (254 psig). After achieving
275 C, the pressuro was reduced down to 0. I3 79 MPa (20 psig) over one
hour, The autoclave was then pressurized to 0.6895 MPa (100 psig) rrvith
nitrogen anal aDowed to cool to room temperature. 15 The resulting product
was analyzed for relative viscosity tR~, end groups, and
bis(hexamethyiene~riarnine (EHMT) level with the results shown below in
Table 2. Comparative Example B This example was ran under conditions
similar to Example 9 except 20 that a stoichiometric amotmt of
hcxamethylenediamiae) based on the starting amount of adiponitrile, was
used, A nuxture of adiponitrile (39.00 grams, 0.36 mole)) water (32,40
grams, 1.80 mole), phosphorous acid (0.02 grams), and calcium hypophosphite
(0.007 grams) was added to a 300 cc stainless steel autoclave. The
hyd~roiysis 25 procodure described in Example 9 was used. After hydrolysis,
the antoclavc was opened and hcxarnethylenediamine (41.6U grams, 0.36
mole), and water, (5.00 grams) were added. The autoclave was resealed and
the polymerizatioa procedure described in Example 9 was followed. The
resulting product was analyzed for relative viscosity (~t'~, end groups and
bis(hexam~thylene~riasnine (B~M1~ level 30 with the results shown below in
Table 2. Using a stoichiometric amount of AMENDED SHEET   US 009928238
0.4-12-2000 ' 26 May 2003 SLTB S'rTTtTfE PAGE - 17  di.axnine based on the
starting adiponitrile results in a significantly lower 1tV polyamide having
a large excess of amine ands and high BkIMT levels compared to Examples 9,
where the amount of diamine added was reduced to acGOUnt for lass of
adiponitrile during the hydrolysis reaction. 5 Example 12 A mixture of
adiponitrile (6375.05 grams) 58.8 moles), water (5305,56 grams, 294.8
mole), phosphorous acid (3.I9 grams), and calcium hypophosphite ( 1,15
grams) was added to a 3 5 gallon stainless steel autoclave. The autoclave
was flushed with aitrogen and heated to 25D C with stirring. After 10
achieving 250 C, a wexer purge was pumped into the autoclave at a raft of
30 cc per minute, Through venting, the reaction pressure was maintained at
1.724 MPa (25U prig] throughout the course of the experiment. After 6 hours
at 250 C, the water purge was discontinued and the autoclave was allowed to
cool to room temperature. Tlae autoclave was opened and a 78.34 weight
percent aqueous 15 solution of hcxamethylen~ediamine (8744.95 grams, 58.96
mole of hexamethylenediamine) was added. The autoclave was resealed and
flushed with nitrogen. With stirring, the autoclave was heated to 275 C
with the vent set st 1.724 MPa (250 psig). After achieving 275 C) the
pressure was reduced down to atmospheric pressure over 1 hour. The
polymerization was finished at 20 atmospheric pressure at 27S C for 30
minutes. The polymer vYas then extruded out of the autoclave. The resulting
polymer was analyzed for relative viscosity (R.1~, end groups, and
bis(hexarnethylene~triaminc (BHIId'I') level with the results shown blow in
Table 2, AMENDED SHEET   WO 00l37537 _18_ Table 2 Polymer Analytical
Results 26 May 2003 PCT/US99/28238 End Group AnalysisExample RV
AmineAcidBHMT5 (mpm~~a~)(mpmg~ (,ppm)9 69 346436S10 40 25997S211 34
827788012 37 506462310 B 13 317131720 i(a) moles per million grams of
polymer Having thus described and exemplified the invention with a certain
degree of particularity, it should be appreciated that the following claims
are not to 



15 be so limited but are to be afforded a scope commensurate with the
wording of each element of the claim and equivalents thereof.   W O
00/37537 - 19 Claims We claim: 26 May 2003 PCT/US99/28238 ' 1. A process
for producing a polyamide from an a,c~-dinitrile and an a,c~diamine
comprising the steps of: 5 (a) contacting an a,w-dinitrile with water and
an effective amount of catalyst in a reactor, in the absence of the
a,w-diamine, at a temperature and a pressure to cause hydrolysis of the
a,w-dinitrile, and for a time sufficient to hydrolyze the a,w-dinitrile to
an overall conversion of at least 95%; wherein water is added during said
hydrolysis with simultaneous venting of 10 the reactor to remove ammonia
and water vapor; (b) adding an a,w-diamine to said hydrolysate produced in
step (a) (c) heating the hydrolysate and diamine mixture in the presence of
water for a time sufficient to polymerize; and then (d) recovering
polyamide characterized by low triamine content. 15 2. A process of Claim 1
wherein said a,w-dinitrile is adiponitrile, said a,w-diamine is
hexamethylenediamine, and said catalyst for hydrolysis is a mixture of
phosphorous acid and calcium hypophosphite and wherein said recovered
polyamide is poly(hexamethylene adipamide) characterized by a BHMT content
of below 1,000 ppm. .A.A.AFA@.AF.A{.A[R.A3.A3.A.A!.A.A .A3%.A9%.A.A
.Ashy.An.A., &=Gl8'6q=:}h
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