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Title of Invention 

Process For The Hydrolysis Of Adiponitrile And 

PCT/US99128240 

The Production Of Nylon: 6,6 Using Dicarboxylic Acids As The Sole Catalyst 

Technical Field 

This invention relates to· a process for the hydrolysis of adiponitrile 

and production of nylon 6,6. More specifically, the invention relates to the 

catalytic hydrolysis of adiponitrile under autogenous conditions using a 

dicarboxylic acid as the sole catalyst followed by addition of a diamine to the 

bydro1ysate to produce polyamide. 

1 o Background Art 

Polyamides are currently produced commercially from dicarboxylic 

acids and diamines. For example, nylon 6,6 is commercial1y produced from adipic 

acid and hexamethyJenediamine. Alternate routes to these materials ·have been 

explored within the art. For example, the art has taught processes to produce : · 

15 nylon 6,6 from adiponitrile and hexamethylenediamine. · U.S. Patent No. · 

2,245,129, discloses a process to produce polyamides by reacting adiponitrile, 

hexamethy1enediamine, and water at high temperatures and pressures. A modified · 

process to react adiponitrile with hexamethylenediamine and water was disclosed· 

in U.S. Patent No. 3,847,876. Catalysts were introduced into the processes to·· 

20 promote this reaction as disclosed by U.S. Patent Nos. 4,490,521; 4,542,205; 

4,603,192; 4,725,666; 4,749,776; 4,436,898; and 4,528,362. U.S. Patent No. 

4,501,881, discloses a process to form po1yamides from adiponitrile, 

hexamethylenediamine, · adipic acid and water. A significant shortcoming of these 

before mentioned processes to produce polyamides from adiponitrile and 

25 hexamethylenediamine is the production of significant levels of the dimer of the 

aliphatic diamine. In the case of hexamethylenediamine, the dimer product would 

be bis(hexamethylene)triamine (BHMT). As taught in U.S. Patent No. 4,739,035 

and U.S. Patent No. 5,627,257 the diamine dimerization is promoted by the high 

temperatures and pressures required by the processes. These as formed diamine 
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dimers or triamines serve as crosslinkers for the linear polyamide chain. The 

resultant gel content has been found to lead to. significant product quality 

deterioration. 

This shortcoming was. partially overcome through a two step process 

5 disclosed in U.S. Patent No. 4,739,035. The first step involved the hydrolysis of 

adiponitri]e with water, catalysts and from 0 to 10 weight of the total 

hexamethylenediamine needed for the reaction. The second step consisted of 

adding the remainder of the hexamethylenediamine fo11owed by polymerization. 

Such a two step process provided triamine levels in the 560 to 1300 ppm levels 

10 versus the 1,420 to 1,610 ppm levels found through the teachings of other 

background art. 

This shortcoming was more fully overcome through a further two 

step process disclosed in U.S. Patent No. 5,627,257. The first step consisted: of the 

nearly full hydrolysis of the adiponitrile to adipic acid utilizing a catalyst arid a 

15 cocatalyst. The cocatalyst was described as a saturated aliphatic or aromatic 

dicarboxylic acid. The second step consisted. of. the addition of at least an 

equimolar amount of diamine followed by polymerization. Through use of this 

process, they were able to achieve triamine levels between 500 and 600 ppm. A 

shortcoming of this process was the substantial amounts of catalyst utilized. The 

20 level of the catalyst exemplified ranged from about l to 1.5 weight percent based 

on the adiponitrile level. For example, the patent teaches the use of 5 grams of 

orthophosphorous acid and 1.8 grams of calcium hypophosphite cata]yst in the 

hydrolysis of 487 grams of adiponitriJe, (see U.S. Patent No. 5,627,257, 

Example 1). 

25 Disc]osure of Invention 

The present invention . overcomes the shortcomings of the 

background art providing poJyamides with low leve]s of triamine . impurities 

without the need for added catalysts. The present invention provides a two step 

process (i.e., nitriJe hydro]ysis fo11owed by the addition of the diamine and 
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polymerization) utilizing a dicatboxylic add as the sole catalyst. The polyamide 

product of the invention has been found to have lowered triamine levels when 

compared~ to single step processes which utilize dicarboxylic acids as the sole 

catalyst, (see, for example, U.S. Pat No~ 4,501,881). The present invention has 

5 further been found to avoid the shortcomings · of the art which incorporates 

significant amounts of additional catalysts, (see, for example U.S. Pat. No. 

5,621,251). In addition to avoiding the use of said additional catalysts, ·the as­

fonned polyamide product has been surprisingly found to have greater melt 

stability. 

10 One aspect of the present invention involves the hydrolysis of nitriles 

with dicarboxylic acids as the sole catalyst. This process involves heating the 

nitrite, water, and a dicarboxylic acid in the temperature range of 200 to 300 ° C. 

Surprisingly it has been found' that this process provides essentially complete 

nitrite hydrolysis without the need of the high levels of additional ·catalysts 

15 . required in the above mentioned background art. 

A further aspect of the present invention comprises the use of the as 

formed nitrile hydrolysate in the production of polyamides. This was performed · 

by adding the diamine to the hydrolysate followed by heating and polymerization. 

Surprisingly the produced polyamides of the present invention have been found to 

20 have low levels of the above ·mentioned triamine impurities. The. as-formed 

polyamide products have further been surprisingly found to have greater melt 

stabiJity than those produced through the teachings of the art. 

Thust the present invention provides an improved process for 

producing polyamide comprising_.~he steps of: 

25 a} reacting a dinitrile containing 2 to 20 carbon atoms with at least a 

stoichiometric amount of water in the presence of a dicarboxylic acid as 

the sole catalyst at a temperature from 200 to 300 ° C in a closed vessel 

under autogenous conditions substantially free of air for a time 



W000/37536 PCT/US99/28240 

-4-

sufficient for at least 95 mole % of the dinitrile to undergo hydrolysis 

and form a ]1ydrolysate; 

b) adding a diamine to said hydrolysate formed in step (a). wherein the 

amount of diamine is within 10 mole % of equimolar based on the 

5 starting amount of clinitrile; .· 

c) heating the llydrolysate and diamine mixture in the presence of water for 

a time sufficient to polymerize; and then 

d) recovering . polyamide characterized by low triamine content and 

improved melt stabiJity. 

10 .In one embodiment .. pf the process the dinitrile is selected from the group 

consisting of adiponitrile, . s1iberonitrile, sebaconitrile, 1, 12-dodecane dinitrile, 

terephthalonitrile, and methyl glutaronitrile and . wherein . the diamine is selected 

15 

from the group consisting of hexamethylenediamine, tetramethylenediamine, 1, 12-

dodecane .cliamine, and.p-xylene diamine. Preferably, the dinitrile. is adiponitrile, · 

the diamine is hexamethylen~diatni.~~; and the clicarboxylic acid is aclipic acid and .. . 

the recovered polyanilde (nylon 6,6) is characterized by a BHMT content of below 

l,OOOppm. 
1'· 

. '· rvtoc;les. for Carryi~g Out the• Invention 

One aspect of the present invention involves the hydrolysis of nitriles 

20 with dicarboxy)ic acids as the sole catalyst This process involves heating the 

nitrile, water, and a dicarbo~ylic acid in the temperature range of 200 to 300 ° C. 

Surprisingly it has been found that this process provides essentially complete 

nitrite hydrolysis without the .. need of the high levels of additional catalysts 

required in the above mentioned background art. 

25 In the present invention, nitrite is meant to include any material 

which incorporates a nitrile functionality. Preferably, the nitrile will be a dinitrile 

containing from 2 to 20 carbons. The clinitrile may be aliphatic, straight chain or 

branched, or aromatic. The dinitriJe may contain other functionalities. Specific 

exampJes of dinitriles which may find use within the present invention include 
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adiponitrile, suberonitrile, sebaconitrile, 1,12-dodecane dinitrile, terephthalonitrile, 

methyl glutaronitrile, and the like •. More preferably, the dinitrile is adiponitrile. 

Water is used in the present ·invention both as a reactant in the 

hydrolysis of the nitrile and as a processing-aid in the polymerization. The amount 

5 of water required in the nitrite· hydrolysis step should be at least equal in 

stoichiometry to the amount of nitrite to be hydrolyz~d. 

The catalyst component of the present invention may include any 

dicarboxylic acid which promotes the hydrolysis of nitriles. Representative classes 

of catalysts may include aliphatic and aromatic dicarboxyJic acids. · Specific 

10 examples of catalysts include adipic acid and terephthalic· acid. 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 l to SO mole percent of catalyst' based on dinitrile. 

Preferably, from about 5 to about 20 mole percent of catalyst based on dinitrilC is · 

15 to be employed. 

The hydrolysis process, involves beating the nitrite, water, and a 

catalyst in the· temperature range of 200 to 300 ° C. The reactor design is not 

critical. The reactor may be a stirred autoclave, an unstirred autoclave, a column 

reactor, a tube reactor, a loop reactor and the 1ike. The process is generally run in 

20 the absence of air. The air may be removed by any known process. Examples 

include purging the reactor with- inert gases, such as nitrogen or argon, evacuating 

the reactor and fil1ing it with inert gases, pressurizing the reactor with inert gases 

followed by venting to l atmosphere, and the like. These processes may be 

repeated as. many times as desired. The temperature range of the process is 

25 determined by the rate of the hydrolysis reaction. At temperatures below 200 ° C, 

the rate of the hydrolysis reaction is generally too low to be economically useful. 

At temperatures above 300 ° C, significant amounts of byproducts may be formed. 

The reaction temperature may remain constant throughout the course of the 

reaction or may be varied. The reaction pressure may be within the range of about 
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25 to 1,000 psig. The reaction pressure may be controlled .by, for example, the 

amount of water added, the reaction temperature, a vent setting or a combination 

. of the same. The length of the hydrolysis process will be a function of the reaction 

temperature, process design, reaction catalyst type and concentration level and the 

5 like. The time should be long enough to effectively hydrolyze at least 95 mole 

percent of the nitrite. Preferably, the time should be long enough to effectively 

hydrolyze at least 98 mole percent of the nitri1e. 

A· further aspect of the present invention comprises the use of the as 

formed nitri]e hydrolysate in the production of polyamides. This was performed 

10 by adding the diamine to the hydrolysate followed by heating and polymerization. 

.15 

Surprisingly the produced polyamides of the present invention have been found to 

have low levels of the .above mentio~ed triamine impurities. Further, · the as­

formed polyamides haye been surprisingly f~und. to have enhanced melt stability 

when .compared to the art. ·. 

In the present inventjon, diamine .. is meant to include any -material 

which incorporates .two ~ine M.1ctions. Preferably, the diamine will contain from 

2 to 20 carbons ... The. di amine may be alip~~ic,. straight chain or branched, or 

aromatic. The diamine may contain other functionalities. Specific examples of 

diamines which may find use m the present invention include 

20 hexamethylenediamine, tetramethylenediamine, 1,12-dodecane diamine, and p­

xylene diamine. The diamine should be added at a level of within l 0 mole percent 

of equimolar based on the nitrile. The exact level will be. determined by the 

molecular weight desired, the reactor design, losses of the nitrite during the 

hydrolysis process, losses of diamine during the polymerization process and the 

25 like. 

Other substances may be added with the diamine. Examples of said 

substances may include water, stabilizers, polymerization catalysts, processing aids 

and the like. 
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The polymerization process involves heating the nitrile hydrolysate, 

cliamine, and· water in the temperature range of 200 to 350 ° C. The reactor design 

is not critical. The reactor may be the same. reactor design used for the hydrolysis 

process or may be different. The reactor may be a stirred autoclave, an unstirred 

5 autoclave, a column reactor, a tube reactor, a loop reactor, or the like. The process 

is generally run in the absence of air; The air may be removed by any known 

process. Examples include purging the reactor with inert gases, such as nitrogen ' 

or argon, evacuating the reactor and filling it with inert gases, pressurizing the 

reactor with inert gases followed by venting to 1 atmosphere and the like. These 

10 processes may be repeated as many times as desired. The temperature range of the 

. process is determined by the rate of the polymerization and the melting point of the·· 

product polymer. The temperature will generally be in the range of 200 to 350 ° C .. 

The pressure. in the polymerization process may be in the range of 0 to 1000 psig · 

or may be performed under vacuum. The pressure may be constant throughout the 

15 polymerization process or may be varied. Generally the pressure will be reduced· 

during the polymerization process. The polymerization process will require a . 

. sufficient time to form polymer. This time 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. · 

20 In the background art (for example US 3,847,876) it has been taught that to 

produce high molecular weight polyamides, the polymerization should be 

conducted within specific temperature/pressure stages. The specific 

temperature/pressure profile will generally depend on the specific reactants used 

and the product desired. In the :e~esent invention with the adiponitrile hydrolysate 

25 and hexamethylene diamine, it has been generally found that the polymerization 

process may include heating the reactants to 250 to 310 ° C with pressures between 

200 and 300 psig (set by the vent) followed by reducing the pressure and finishing 

in the temperature range of about 250 to 310 ° C. This should not be considered 

limiting. 



W000/37536 PCT/US99/28240 

-8-

In the following Examples adiponitrile hydrolysis level and products 

were determined by high pressure liquid chromatography (HPLC) analysis. 

Relative viscosity (RV) of the polymer samples· was determined as a 8.4 weight 

percent polymer solution in. 90.0 % fonnic acid. Polyamide end group analysis 

S was determined. by titration. ··And, bis(hexamethylenc)triamine ·(BHMT) levels 

were determined by gas chromatography (GC) analysis of the polyamide 

hydrolysate, all as generally known in the art. 

Example 1. 

A mixture of adiponitrile (100.00 grams), water (80.00 grams), and 

10 . >adipic acid (15.00 grams), was added to a 400 cc stainless steel shaker tube at 

room temperature. The shaker tube was pressurized to 60 psig with nitrogen ~d 

the11the.pressure was released. This operation was:repeated for a total of 6 times. 

With·shaking, the shaker .. tube was heated to 230·0 c. After achieving 230 °C, a 

peakautogenous pressure of 394 psig was observed.·. ·ouring the course·of this 

15 . operation the pressure ·slowly reduced to 361 psig observed at the end. After 5 

houi:s at 230 ° C, the shaker .tube was allowed to cool· to room temperature. The 

contents of the shaker tube.were analyzed byhigh•pressure·liquid chromatography 

·. {HPLC) with the results shown below in Table 1. · 
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Adipamide 
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31.6 

32.3 

14.9 

15.2 

27.8 

30.1 
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0.02 
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Table 1 

Product Analysis. 

Adipamic 5-Cyano 

Acid Valeramide 

(wt.%) (wt.%) 

33.0 0.61 

32.7 ND 
26;6 0.05 

25.0 03 

34.9 0.4 

32.6 1.2 

22.4 8.4 

0.01 1.6 

24.5 4.1 

"ND" signifies that the material was not detected. 

Adipic 

Acid 

(wt.%) 

7.16 

6.80 

10.1 

9.8 

9.2 

7.5 

5.3 

ND 

6.3 

Reported results represent the average of two determinations. 

Example. 2. 

PCT/l:JS99/28240 

5-Cyano 

Valerie 

Acid, 

(wt.%) 

0.69 

ND 

0.2 

-0.5 

ND 

ND 

5.l 

ND 

2.8 

A mixture of adiponitrile (100.00 grams), water (80.00 grams), and 

adipic acid (15.00 grams) was added to a 400 cc stainless steel shaker tube at room 

temperature. The shaker tube was pressurized to 60 psig with nitrogen and the 

10 pressure was then released. This operation was repeated for a total of 6 times. 

With shaking, the shaker tube was heated to 230 ° C. After achieving 230 ° C, the 

reaction pressure was found to vary between 380 and 366 psig during the course of 

the operation. After 8 hours at 230 ° C, the shaker tube was allowed to cool to 

room temperature. The contents of the shaker tube were analyzed by HPLC with 

1 S the results shown above in Table l. 

/ 
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Example3. 

A mixture of adiponitrile (100.00 grams), water (166.60 grams), and 

adipic acid (15.00 grams) was added to a 400 cc stainless steel shaker tube at room 

temperature. The shaker tube was pressurized to 60 psig with nitrogen and the 

5 pressure was then released. This operation was repeated for a tota] of 6 times. 

With shaking, the shaker tube was heated to 250 ° C. After achieving 250 ° C, the 

reaction pressure was found to vary between 594 and 630 psig during the course of 

the operation. After 3 hours at 250 ° C, the shaker tube was allowed to cool to 

room· temperature. The ·contents of the shaker tube were ·ana1yzed by HPLC with 

, 10 · the results shown above in Table I. 

Example'4, 

, · A mixture of adiponitrile (100.00 granis), water (166.60 grams), and 

adipfo acid (15 ;00 grams) was added to a ,400'. cc stainless steel shaker tube at room 

.temperature. The ·shaker tube was pressurized to 60 psig ·with nitrogen and the 

15 pressure was then released. This operation was repeated for a total of 6 times·~ 

With shaking, the shaker tube was heated to'250 ° C .. After achieving 250 ° C, the 

-: reaction pressure was found to vary between 566 to 699 psig during the course of 

. .. the operation. · After 5 hours at 250 ° C, the shaker tube was allowed to cool to 

room temperature. The contents of the shaker tube were analyzed by HPLC with 

20 · the. results shown above in Table·]. 

Examples. 

A mixture of adiponitrile (100~00 grams), water (90.00 grams), and 

adipic acid (20.27 grams) was added to a 400 cc stainless steel shaker tube at room 

temperature. The shaker tube was pressurized to 60 psig with nitrogen and the 

25 pressure was then released. This operation was repeated for a total of 6 times. 

With shaking, the shaker tube was heated to 230 ° C. After achieving 230 ° C, the 

reaction pressure was.found to vary between 395 to 370 psig during the course of 

the operation. After 5 hours at 230 ° C, the shaker tube was allowed to cool to 
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room temperature. The contents of the shaker tube were analyzed by HPLC with 

the results shown above in Table 1. 

Example6~ 

A mixture of adiponitrile (100.00 grams), water (90.00 grams), and 

5 adipic acid {13.51 grams) was added to a 400 cc stainless steel shaker tube at room 

temperature. The shaker tube was pressurized to 60 psig with nitrogen and the 

pressure was then released. This operation was repeated for a total of 6 times. 

With shaking, the shaker tube was heated to 230 ° C. After achieving 230 ° C, the 

reaction pressure was found to vary between 404 to 373 psig during·the·course of 

10 the operation. After 5 hours at 230 ° C, the shaker tube was allowed to cool to 

room temperature. The contents of the shaker tube were analyzed by HPLC with 

the results shown above in Table 1. 

Example?.· 

A mixture of adiponitrile (100.00 grams), water (90.00 grams), and 

15 adipic acid (6.76 grams) was added to a 400: cc stainless steel shaker tube at room · 

temperature. The shaker tube was pressurized to 60 psig with nitrogen and the 

pressure was then released. This operation was repeated for a total of 6 times. 

With shaking, the shaker tube was heated to 230 ° C. After achieving 230 ° C, the 

reaction pressure was found to vary between 378 to 373 psig during the course of 

20 the operation. After 5 hours at 230 ° C, the shaker tube was aJlowed to cool to 

room temperature. The contents of the shaker tube were analyzed by HPLC with 

the results shown above in Table 1. 

Comparative Example Cl. 

A mixture of adip~nitrile (100.00 grams), and water (90.00 grams) 

25 was added to a 400 cc stainless steel shaker tube at room temperature. The shaker 

tube was pressurized to 60 psig with nitrogen and· the pressure was then· relCSlsed. · 

This operation was repeated for a total of 6 times. With shaking, the shaker tube 

was heated to 230 ° C. After achieving 230 ° C, the reaction pressure was found to 

vary between 368 to 366 psig during the course of the operation. After 5 hours at 

I 
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230 ° C, the shaker tub~ was allowed to. cool to room temperature. The contents of 

the shaker tube were analyzed by HPLC with the results shown above in Table 1. 

It should be noted that the HPLC method does not detect unreacted adiponitrile. It 

is assumed that the product . from the · experiment is essentiaUy unreacted 

5 adiponitrile. 

Example 8. 

A mixture of adiponitrile (100;00 grams), water (90.00 grams), and 

adipic acid(13.51.grams) was added to a 400 cc stainless steel shaker tube at room 

temperature. The s)laker tube was pressurized to:60 psig .with nitrogen.·and the 

10.... pressure was then released. ··This operation was repeated for a total -of 6, times; 

With shaking, the shaker tube was heated to 230 ° C. After achieving 230 °C, the 

reaction pressure was found to vary between 397 to 373 psig during the cour8e of 

the:operation. After .4 hours at230:°C, the shaker tube was allowed to cool to 

... room temperature. The contents of tile shaker .tube were analyzed by HPLC with 

15 .. the fesults shown above in Table 1. .. 

. .· . Comparative Example C2 .. 

A mixture of:adiponitrile (40.00 grams);. water (7.79 grams), adipic 

.. acid. (6.03 '.gratns), and hexamethylenediamine (68.34 grams of a 69.76 weight 

percent aqueous hexamethylenediamine solution) was added to a 300 cc stainless 

20 steel autoclave. The autoclave was pressurized to 300 psig with nitrogen and then ·· 

. the pressure was released. This operation was repeated for a total of 3 times. The 

autoclave was pressurized to 300 psig with nitrogen and then the pressure was 

vented down to 100 psig nitrogen and heated to 240 ° C with stirring. After 

achieving 240 ° C, the pressure was found to vary from 476·psig to 672 psig. After 

25 2 hours at 240 ° C, the pressure was vented down to 188 psig. over 2 l minutes 

while maintaining a .temperature of 240 ° C. The reaction temperature was then 

raised to 260 ° C over 1. hour while the reaction pressure was maintained between 

186 psig an~ 200 psig. While maintaining a reaction temperature of 260 ° C, the 

reaction pressure was vented down to 94 psig over 9 minutes. With stirring, the 
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autoclave was heated to 275 ° C over 30 minutes while maintaining a pressure of 

between 88 to 94 psig. After achieving 275 ° C, the reaction was allowed to stir 

for 30 minutes while maintaining a pressure of between 89 to 91 psig. The 

autoclave was then aIJowed to cool to room temperature. The resulting product 

5 was analyzed for relative viscosity (RV) end groups and 

bis(hexamethylene)triamine (BHMT) level with the results shown below in Table 

2. 

The product was then subjected to a melt stability test. This me1t 

stability test was perfonned as follows. The product was dried at 80 ° C overnight 

10 in a vacuum oven (p = 20 inches Hg) with a slight nitrogen purge. 5 grams of the 

product was then melted with stirring for 10 minutes at 285 ° C under a nitrogen 

atmosphere. The resulting material was allowed to cool to room temperature, 

isolated and analyzed for relative viscosity (RV). The results are summarized 

below in Table 3. 

15 Table2. 

Polymer Analytical Results. 

End Group Analysis 

Example RV Amine Acid BHMT··· 

(moles/million (moles/mi11ion (ppm) 

·grams grams 

polymer) polymer) 

C2 8.5 266 53 1,161 

9 41 41 73 279 

C3 49 28, 86 30 47 

10 34 41 86 172 

/ 
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Table3. 

Melt Stability Test Results. 

Original Melt-Treated 

Example RV RV 

C2 8.5 16 

9 41 59 

C3 49 104 

10 34 59 

Example 9. 

A mixture of adiponitrilc (40.00 grams), water (33.26 grams), and 

adipic acid (6.03 grams) was added to a 300 cc stainless steel autoclave. The 

autoclave was pressurized to 300 psig with nitrogen and then the pressure was 

released. This operation was repeated. for a total of 3 times. The autoclave was 

pressurized to 300 psig with nitrogen and then the pressure was vented to 10 psig 

10 nitrogen and heated to 240 °C with stirring. After S hours at 240 ° C, the 

autoclave was allowed to cool to. room temperature. The autoclave was opened 

and hexamethy)enediamine (68.34 grams of a 69.76 weight percent· aqueous 

hexamethylenediamine solution) was added. The autoclave was resealed. The 

autoclave was pressurized to 300 psig with nitrogen and then the pressure was 

15 .. released. This operation was repeated for a total of 3 times. The autoclave was 

pressurized to 300 psig with nitrogen and then the pressure was vented to 10 psig 

nitrogen. · With stirring, the autoclave was heated to 275 ° C with the vent set at 

250 psig. After achieving 275 ° C, the pressure was reduced down to atmospheric 

pressure over one hour. The polymerization was finished at atmospheric pressure 

20 at 275 ° C for 45 minutes and then the autoclave was allowed to cool to room 

temperature. The resulting product was analyzed for relative viscosity (RV) end 

groups and bis(hexamethylene )triamine (BHMT) level with the results shown 

above in Table 2. 
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The prod~ct was then subjected to a ni~lt' stability test as described 

above for Comparative Example C2, with the results summarized above in 

Table3. 

Comparative Example C3. 

A mixture of adiponitrile (40.00 grams), water (33.26 grams), adipic 

acid (6.00· grams), phosphorous acid (0.41 grams), and calcium hypophosphite 

(0.15 grams) was added to a 300 cc stainless steel autoclave. The autoclave was 

pressurized to 300 psig with nitrogen and then the pressure was released. This 

operation was repeated for a total of 3 times. The autoclave was pressurized to 

10 300 psig with nitrogen and·: then the pressure was vented to 40 psig nitrogen and 

heated. to 230 ° C with stirring. After 6 hours at 230 ° C, the autoclave was 

allowed to cool to room temperature. The autoclave was opened-· and 

hexamethylenediamine (68.46 grams of a 69.76 weight' percent·- aqueo"Qs . 

hexamethylenediamine solution) was added. The autoclave was resealed. The 

15 autoclave was pressurized to 300 psig with nitrogen and then the pressure was 

released. This operation was repeated for a total of 3 times. The autoclave was 

then pressurized to 300 psig with nitrogen and· then the pressure was vented ._to 10 

psig nitrogen. With stirring, the autoclave was heated to 270 ° C with the vent set 

at 200 psig. After achieving 270 ° C, the pressure was reduced down to 

20 atmospheric pressure over 20 minutes. · The polymerization was finished at 

atmospheric pressure at 270 ° C for 20 minutes and then the autoc)ave was allowed 

to cool to room temperature. The resulting product was analyzed for relative 

viscosity (RV) end groups, and bis(hexamethy1ene)triamine (BHMT) level with 

the results shown above in Table 2. 

25 The product was then subjected to a melt stability test as described 

above for Comparative Example C2, with the results summarized above in 

Table3. 

Example 10. 

I 
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A mixture of adiponitrile (4Q.OO ·grams),. water (33.26 grams). and 

adipic acid (6.00 grams) was added to a 300 cc stainless steel autoclave. The 

autoclave was pressurized to 300 psig with nitrogen and then the pressure was 

released. This operation was repeated for a total of 3 times. The autoclave was 

S then pressurized to 300 psig with nitrogen, the pressure was vented to 10 psig 

. nitrogen and the aut()c;lave was heated to 230 ° C with stirring. After 6 hours at 

230 ° C, the autoclave was allowed to cool -to room temperature. The autoclave 

was opened and hexamethylenediaminc (68.46 grams of a 69.76 weight percent 

.. aqueous hexamethylenediamine solution) was added.· . The autoclave was resealed. 

I 0 .· The autoclave was pressurized to 300 psig with nitrogen and then the pressure was 

released. This operation was repeated· for a total of 3 times. The autoclave was 

pressurized to 300 psig with nitrogen and then-the pressure was vented to 10 psig 

nitrogen. With stirring, the autoclave was heated to 270 °C with the vent· set at 

20Q psig. After achieving 270 °C, the pressure was reduced down to atmospheric 

15 .... · pressure· over 20- miriutes. . The··· polymerization· was . finished at atmospheric 

pressure at 270 ° C for 20 minutes and then the autoclave was aJlowed to cool to · 

.room temperature. The resultingproductwas analyzed for relative viscosity~ (RV};·· . 

. . end groups, and bis(hexamethylene)triamine (BHMT) level with the results· shown 

above in Table 2~ 

20 The product was then subjected to a melt stability test as described 

al:>ove for Comparative Example C2, with the results summarized above in 

Table 3. 

In the following -Examples adiponitrile hydrolysis level and products 

were determined by high pressure liquid chromatography (HPLC) analysis. 

25 . Relative viscosity (RV) of the polymer samples was determined as a 8.4 weight 

percent polymer solut~on in 90.0 % formic acid. Polyamide end group analysis 

was determined by titration. And,· bis(hexamethylene )triamine (BHMT) leve]s 

were determined by gas chromatography (GC) analysis of the polyamide 

hydrolysate, all as generally known in the art. 
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0~ ~~t 
Having thus described and exemplified· the invention with a certain 

degree of particularity, it should be appreciated that the following claims are not to 

be so limited but are to be afforded a scope commensurate with the wording of 

each element of the claim and equivalents thereof. 
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CLAIMS 
111111~ m1~ II(~ 11~1~1111 ,,_ 

amount of diamine is within 10 mole % of equimolar based on the 

starting amount of dinitrile; 

c) heating the bydrolysate and diamine mixture in the presence of water for 

a time sufficient to polymerize; and then 

15 d) recovering polyamide characterized by low triamine content and 

improved melt stability .. 

2. A process of Claim 1 wherein said dinitrile is selected from the group 

consisting of adiponitrile, suberonitrile, sebaconitrile, 1, 12.;.dodecane dinitrile, 

terephthalonitrile, and methyl glutaronitrile and wherein said diamine is 

20 selected from the group consisting of hexamethyJenediamine, 

tetramethylenediamine, 1,12-dodecane diamine, and p-xylene diamine. 

3. A process of Claim 1 wherein said dinitrile is adiponitrile, said diamine is 

hexamethylenediamine, and said dicarboxylic acid is adipic acid and wherein 

said recovered polyamide (nylon 6,6) is characterized by a BHMT content of 

25 below 1,000 ppm. 


