WO 01/ 79327 PCT/ US01/ 10027 TI TLE PROCESS FOR THE PRODUCTI ON OF POLYAM DES
FROM DI NI TRI LES AND DI AM NES 5 Technical Field This invention relates to a
process fwooproaduci ng pol yam des fromdinitriles and di arCTv@soiamoo27t o

rel ated pol yam de products produced fromthe process. Background Art 10
Currently, polyam des are being produced comrercially fromdicarboxylic
acids and di am nes. For exanple, Nylon 6,6 is comercially produced from
adi pic acid and hexanet hyl enedi am ne. Alternate routes to these materials
have been explored within the art.ngghf xanpl e, the art has taught
processes to produce Nylon 6,6 fro '%oni trile and hexanet hyl enedi am ne.
Greenewalt, U S. Patent No. 15 2,245,129, discloses a process to produce
pol yam des by reacting adiponitrile, hexanethyl enediam ne, and water at a
hi gh tenperature BROGESS FOR THOPROGDUCHON GEREOHVRAMIDESNt requires a

t wo-stage process in which, after initial heatin t he process nust be
di scontinued to all ow t HeROMIENITRIBESAND Q{Al\msbe subsequent | y

heat ed. again prior to recovering the polyam de. A nodified process to react
20 adi?)oni trile with hexanet hyl enedi am ne and wat er was di scl osed by
Onsager in U.S. Patent No. 3, 847184RkcaPeipt extrenmely high pressures of
up to about 13.8 MPa (2000 psig). The production of polyam des was

i nproved by t hdhisfnventigotrélates tof a pacedsfort produsingopayanides fromndinitgles tunk

producti on. of. pol yvam des everal catal ytic t hods are 25 disclosed, for
e~ Aipip@ a0 petiitg pa T SRR e Rt S 105 4 795, 666,
4,749,776, 4,436,898, and 4, 528, 3Bdckgtdunddgttt i on, cocatal ysts were

introduced to further pronote and enhance the production of polyan de. For
exanpl@®, a pr SvEsstlpPoleMidessrebeipapiodaecd qogmergialy diont ficarboxylic

nevee e ey S iy 58 e TR SERSTAR T By
however, heidand hexameginylénedianiine.s Alteinaeromes wf thegeadaterialg hpvd heefii des from
Al pONT ET L Slorsd within the axt. or SXatnpla, the att Bas aught procasses 10 producs Nlon
6,6 from adiponitrile and hexamethylenediamine. Greenewalt, U.S. Patent No.
15 2,245,129, discloses a process to produce polyamides by reacting adiponitrile,
hexamethylenediamine, and water at a high temperature and pressure. However, the
Greenewalt patent requires a two-stage process in which, after initial heating, the
process must be discontinued to allow the reaction to cool, and then be subsequently
heated again prior to recovering the polyamide. A modified process to react
20  adiponitrile with hexamethylenediamine and water was disclosed by Onsager in U.S.
Patent No. 3,847,876, but at extremely high pressures of up to about 13.8 MPa (2000
psig).
The production of polyamides was improved by the introduction of catalysts to
promote or enhance the production of polyamides. Several catalytic methods are
25  disclosed, for example, in 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. In addition, cocatalysts were
introduced to further promote and enhance the production of polyamide. For example,
a process of forming polyamides from adiponitrile, héxamethylenediamine, adipic
acid, and water was described in Greene et al., U.S. Patent No. 4,501,881.
30 Each of the methods described above, however, have the significant

shortcoming of producing polyamides from adiponitrile and hexamethylenediamine



concurrently with the production of significant |levels of the dinmer of the
aliphatic diamne. In the case of hexanethyl enedi am ne, the di ner produced
woul d be wobshsxanet hyl enetri am ne (BHMI). The di am ne di PeT/US@10027 i S
pronoted by the high tenperatures and pressures required by the processes
descri bed above. (See 5 Shyu, U S. Patent No. 4,739,035, and Liehr et al.,
U S. Patent No. 5,627,257). These diamne diners or triam ne by-products
serve as crosslinkers for the |linear polyam de chain, which can lead to a

significant_ product . | it eterioration The_.probl ens. associated with the
product i oﬁo‘b‘{’)"rﬁepﬁ%\ﬁ?tﬂgﬁ 9§P‘3t?&af ! canb'ﬁ?’??ﬁfﬁ? dBV%‘r‘tf&ﬁ“ea‘&C}‘af‘ﬁe processes
di scl osed diaynif8YIh 186 cdde-of hbkaetiRAbRanie, Bddfincf PHAASEI wald tel ehr et al .,

U S. Patent No. 5,627,257. Shyu et al. teach a two-step process, wherein
the fir st bishemaieylensidaming (RUMO e lisgming dimpesieation sprompreduatibe

i am o nbisagm bl b8 ol KehipREbE B prileslcdBel R b T 0y tho

remai nfler Shfu,tURS. PitentaNie ULABOM36 daraii.iokr dtal.] 0\8e Bateyt ol 36T, 257-t Thsse Thi s
two-step process, provided, 15 triamne levels in the 560 to 1300 ppm | evel s
as conpar Simige digers aptsiamineryrprog et s¢rae a3 gosshinkers ferthe ncar pelyeidani ngs of

ot her backgif BE4n 1ehd &Y sifhifithn Pg‘f‘ﬁﬁ LHRgirAddtisrsti&p Process. The first
step incl u%{els’ t g neare%c;/ fuflg ' ]hyJ 0 ysfg ott}atie %rgtfl%gni trile to adipic
aci d utili zi ngThe patbddysassenated withahe plodsc¢tionTifdriarime by girgductsvass descr i bed

as a saturated aliphatic or aromatj.c.dicarhboxyli| i The 20 second step
i ncl udes Pie? ?ﬁ&?"fr? ehy thi Prpeessgs déﬁlcgaggﬁgﬁﬁlxe%@%'qﬁen& m ne fol | owed
by poj(ymeni7381038Nnd THERUIAL USS. Phteht S, T627CBTS Shiyhieyal'Raéh #RIGsfep achi eve
triam ne evel s bet ween 500 and 600 pgm However, this process 1s hindered

by the submcass Wapreinathe finststepfineludestthe fgdrolysig of adigonifrde vathawgtte, t he Li ehr

process requires I h i car li¢c,.acid catalyst fr about 1
Do 15 el RSB ot Badd ol s eSlsER IR ol pPRnto GRSt poBl Ve
t hey t eaclortthe€reastiordf TheIegimiBeridtiudes aldirg the eshadindey oF then t he hydrol ysi s of

487 grans_of adiponitrile, Each of the twg-step, processes described by Shyu
et al. anBergmsthylenediaming follosved by nelypeizationy TﬁrﬁéWPrﬁﬁ@@ﬁsesawwéqﬂ ty with

di scops | NYBSHPIRRRIRAR R0 I300pBhIAN] & coBbRIT 1Y 2RSS 16ATERA (11 e)

when conpared to conti nuous processes of the background art e present
i nvent i onleyebrfoankthraugh thdhteachongsi afgthepbatkgeoundekigr ound art providing a

i B ne | mpur LM 2 BHEEHe § Wi pBR R J PR AePIn e he Bessh fout V1

cocat al yshgdrolysis of the adiponitrile to adipic acid utilizing a catalyst and a cocatalyst. The

cocatalyst was described as a saturated aliphatic or aromatic dicarboxylic acid. The

20  second step includes 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. However, this process is hindered by the substantial
amounts of cocatalyst required. For example, the Liehr process requires a level of the
dicarboxylic acid cocatalyst from about 1 to 13 weight percent based on the

25  adiponitrile level. In one example, they teach the use of 73 grams adipic acid
cocatalyst in the hydrolysis of 487 grams of adiponitrile.

Each of the two-step processes described by Shyu et al. and Liehr et al. are also
hindered by the inherent difficulty with discontinuous processes and significantly
greater process length (time) when compared to continuous processes of the

30  background art. The present invention overcomes the shortcomings of the background
art providing a simplified continuous production process for polyamides with low

levels of triamine impurities without the need for substantial amounts of cocatalysts.
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2 WO 01/ 79327 PCT/US01/ 10027 Disclosure of Invention The present invention
is directed to a process for producing a polyam de conprising: reacting a
dinitril evewt/i3ar di am ne, water, and optionally a catal yspCcT@séiomnmrza 5
reaction mxture; heating the reaction mxture to a first el evated
tenperature of between about 180 to about 240C, preferably, about 200 to
about 220C, maintaining said tenperature for 0.10 to 20 hours, preferably
0.10 to 10 hours; and optionally <controlling the pressure in this heating
step by venting; 10 then, after~.maintai 'ng the first elevated tenperature,
subsequent |y heating the react?d oﬂFi?ﬂ%QIFBma second el evated tenperature

of between aboQhe ﬁﬁ@eﬁt%@!ﬁﬁbﬁ is diRfed td b Prceddloy prodleidl adoBahfideébout 300C;
adding water to the reaction mxture before or after the 'second el evat ed

t enper at uFAMPHESiAgached; maintai ning the pressure in the second heating

step above at MpoaRAYh GiniESRith & i Wdd0afl ofifiafly § UB1 8 o'slGn ;> VAL T

and mai ntaining t second el eva enper a perio F&bout 0. 10
to abbut rehCtitromixturepr ef erably 0.10 to 4 hours; and recovering the

pol yam de. In anot her enbodi nent of the jnvention, in the reacting step,
the dianine is e%(H’&éBe JeACUAR HRSRR O AT ictevatsd Aumreraiaref, t‘%‘fen@ifﬂ}“nol ar

based on 4@t Adlut H40°€, Brferad] ,%@uimaﬁoﬁﬁﬂb@@jxﬁgﬁmﬁjﬁﬁrﬁum of water is

added relative to the dinitrilTe. I n another enbodi nent o e invention,
the step tsmpeeatuiefgr 0.h@ ta 2Ahboursprefaiablyu?.¢0 tolGhees;end optienallyed t enper at ur e

i s obtained qﬂper a reactiogyg%%?surg §f %pove at nospheric pressure. After
mai nt ai ni ﬁ%mf éngstélgé’ﬁecfs‘érf:é?/ e 18%‘55? Y (PR M& he reaction mixture is then
optior@l |y mai fHenl afed nddintdiniry the fit EROARE WipRituRD AibseARAY Beadmgahout 350C

while the reaction pressure is reduced to atnospheric pressure or |ess.
Thi s addi feastien misBEde Aserondfolevated (terapgratues ofthetweppraboriolidl terabout

pol yneri zat ' t oAChi fVI j [ cul ar wei ght
Pol yar do 3y Sapbierb. o2 2710 BELER0-Cr MR e o bR BRI

di ni tri | ebeforeach gfentersetendatel atddeempéeratticas reschbd ndrtainherme pragurdén The
final pol yam de produced ‘é@ﬁn adi poniitrile 30 and diamne are used in the
process ofMetSREPTGrhcaling StEmaRAEAHROTPICIG PRPpTHES BYKEHiESh teast some of the

15  water; and maintaining the second elevated temperature for a period of about 0.10 to
about 10 hours, preferably 0.10 to 4 hours; and

recovering the polyamide.

In another embodiment of the invention, in the reacting step, the diamine is
added in an amount within 10 mole percent of equimolar based on the dinitrile and at

20  Ileast a stoichiometric amount of water is added relative to the dinitrile.

In another embodiment of the invention, the step of heating the reaction
mixture to a second elevated temperature is obtained under a reaction pressure of
above atmospheric pressure. After maintaining the second elevated temperature, the
reaction mixture is then optionally maintained at a third temperature of about 250 to

25  about 350°C while the reaction pressure is reduced to atmospheric pressure or less.
This additional embodiment often allows for the more complete polymerization of the
amides thereby achieving a higher molecular weight polyamide product.

In yet another embodiment of the invention, the dinitrile is adiponitrile and the
diamine is hexamethylenediamine. The final polyamide produced when adiponitrile

30 and diamine are used in the process of the present invention is poly(hexamethylene

adipamide)(Nylon 6,6).



adi pam de) (Nylon 6,6). 3 WO 01/79327 PCT/ USO1/ 10027 The pol yam de can be
produced in a continuous process and without the need for high | evels of
cocatal ysw@ousse7 in the prior art processes. Mreover, theCcpokyizawdzie has
been found to exhibit low levels of triamne inpurities. The invention also
relates to pol yam des produced using these processes. 5 Further objects,
features, and advantages of the invention will becone apparent fromthe
detail ed description that follows. Mde(s) for Carrying Qut the Invention

The present inventipn i.s directed to.a process for producin ol yam de
from dinitriled®&R aﬁ*.lﬁienﬁaﬁ@spr%ﬂ*ée%%%% ‘nf‘ﬂ‘&ﬁ%‘é?g ?rpfﬂwgb@ﬁ tﬁ‘? B‘?Glnt acting
a dinitri fsr high fevals of GodataAystdesed WRitRpriod B pedebseslaMoYedVe Mepol$imige form a
reaction m xture; heati n% the reaction mxture to a first elevated

t enper at ubhes bgenfeungdtesxbibilew el of tHwine impoaties. and nai ntai ning the first

el evat ed t enpe : . ﬁBH ; | Lon mxture to
a second el eva@%%@%@?agg%gega%%oﬁgg meﬁéségg(ﬁ%teg@%n%@?eg gﬁot%gésg%oc, wher ei n

bef or &5 or af t eFutther abjavos) feadires; anhdadvaatuges of the aviestisrewilhiestomeaippsirens 15

added to the reaction m xture, s of the water is then subsequently
removed, g‘HH‘t@‘ﬁgeta%@g??&n@i‘%@?’efgﬂg\?ﬁper ature is maintained for a period of
about 0.10 to about 10 honNfoie(sp¥ic@raMyOl 40 1dnflofiours; and recovering

t he pol yam de. Optionally, the” reaction mxture nmay be namintained at a

third tenper at dhe pesisentiyovention & dircceddon prasecior preducing p potyantide frame or
different ,fromthe second gl evat ed. t epat ure rior 20 .t .recovering the
pol yani defh%lgérseﬁnﬁ di&m‘f‘ﬁse ﬁhe’l R’racef%f%g@f ﬂﬂfzes?eptqugptgg&g ab?llmﬁf‘ s‘gﬁi‘@ i's
reducEl t Qiagding)SAata] A dPtRESILY €cAklybtas SornT A eab8AChi A%, haiviag\igd in the

process include the hydrolysis of the dinitrile, whi ch gives rise to a
hydr ol ysi Ecaptimttuee afdstedevated dempsiplureolzhetweanrabonis Ldpiaboatad40°Eni de

i nt ermedi . ' i1 h. .diamine to give
se 25t Emaltin B RREEXE S ARHEL e ol ERF O Db I 8T 1T ) *0ei rec
product . feaetiorppmixtereso afseddnd epavated iémperatard ofbetwasni dbalii 2®sto @bouithe

2T ow t 11 390 oe HHSFRIERR O i ABah S BIAa GTbHENE BABEPEhCTAT Bmount s of
coc 3nt rra]de,ys a%%eg‘pg ugénlgﬁéﬁoﬁtﬁsmﬁé, sbh@ oPHRCRSEr IsThnWbAGLERY RnfdvBd tahliife Wi th a
second elevated temperature is maintained for a period of about 0.10 to about 10
hours, preferably 0.10 to 4 hours; and recovering the polyamide. Optionally, the
reaction mixture may be maintained at a third temperature of about 250 to about
350°C, that may be the same or different from the second elevated temperature, prior
20  to recovering the polyamide, wherein at the third temperature, the reaction pressure is
reduced to atmospheric pressure or less.
The reactions involved in the process include the hydrolysis of the dinitrile,
which gives rise to a hydrolysis product including a carboxylic acid or unsubstituted
amide intermediate. The hydrolysis product then reacts with the diamine to give rise
25  to an amide link. Further polymerization produces the final desired product. The
process of the present invention capitalizes on the conditions involving these reactions
such that the polyamide produced has a low triamine content and can be produced
without substantial amounts of cocatalyst.
The first step of the process is contacting a dinitrile with a diamine, water, and
30 optionally a catalyst to form a reaction mixture.
In the present invention, dinitrile is meant to include any material which

incorporates a dinitrile functionality. Preferably, the dinitrile will contain 2 through 20
4



30 optionally a catalyst to forma reaction mxture. In the present

i nvention, dinitrile is neant to include any material which incorporates a
dinitril avbonceseonal ity. Preferably, the dinitrile will cpatasen/®o1thr ough
20 4 WD 01/79327 PCT/ US01/ 10027 carbons. The dinitrile may be aliphatic,
straight chain or branched, or aromatic. The dinitrile may contain
functionalities that do not interfere with polyam dation, such as al kyl,
aryl, terti ary am nes, and sulfates. Specific exanples of dinitriles which

are useful .he.present .inventjan include adiponitrile,

suber oni t??rf’% ach?)% lgrn?afyeb %‘pggtbcpﬁtlr tcﬁk?pgqur%éancbgcg?rmngngh& nitrile,
t er epht al giitkild ﬂnay camdmrﬂmétwhmléshm%fnot inféredr vadal ;ﬁélyahhéatwnnkdch'ahe i's
adiponitrile. In the process, the dinitrile is hydrol'yzed to forma

car boxy! i elkabiaeyl, tertiary:amisiey, and sulfates. onseifistexaniples of dinitrides whieh arer boxyl ic
acid for th ) L nven an

di ani ne gtl?e{fualgpqtlm(%e é)%?e’n? n{vﬁnt?oql Balﬁdgg(h %m nr,gs, su%ﬁ%gznﬁsseegacqﬁltgk nes y

i ncl ude aixgphthhleniteile, ‘I\A]Qid@dedaﬁeﬂhﬁmw, egephglosidile carldunixtireythereofr ef er abl y,

the diampe wi]l contain 2 to 20 carbons. The di am ne may be aliphatic,
strai ght EFFEF {’léfrt E"H%EF adéi?on%}F‘ pithe P“PPF‘éSdhﬁﬁiwlerr’ﬁﬁlyéwzﬁMo ot her

funct i onakirh] £8arbd: B 681, gs%fefamﬁﬁ fle@aW Jt Hﬂh&ﬂ[@ &&é}d imft! k!,
aryl, tertiary am res, fat es. SpeCI I'c exanp es of |am nes whi ch
are usef ufromh)tdmdypsmlcaadent ion 15 include hexanet hyl enedi am ne,

tetramet hyl enedi am ne, 1 1 2-dodegcane di xlene di am

e el 1, o ot pesentiyention, Sy SRS B ohonathe § GO BEABaY ani ne.
Pref ef@bl pe uddde IHhmitic gndliide ey MR Wii@thssthbRites the afiifdfunetdRacts with
the hydrolyzed dinitrile product to formthe am de. Therefore, the diam ne

shoul d bBre&tdblu tha digmiaewikh contein tei28rvarhops.r Ehe diaminemay be hly;dratlb,yzed
dinitrile e-desired am de.
general |y tg ! Q{}%r%%h&{ %9 %%&h?m ITgle 81aénruéeemtay 5P ntgldluqtﬁ%qﬁ&lﬁgglétbc on the

dinitril ethaﬂ'ﬂk@n&wﬁtﬁfefﬂﬂh pWyhxhldaﬁoﬁlGShelliﬁH alkegl, biyl, tértiatynsines)ahddi ng t he
nmol ecul ar w | ght desired, the reactor design, |losses of the dinitrile
during t hewlf ‘?§c<§§’§°‘ 15 s4atnples b digmines wvhishare weefulini thPiesRat HIVSBBAL . \Water s

used j tnﬁm@%ﬁaﬁethﬂ%ﬁmlmmeb@mn@tﬁ yRpGaRRD] 12%&&%@&*&&9}@' s of the
25 nitrile and as a processing aid I n the polynherization contacting
st ep, t hexylampdiamingf, 2v¢tbyl- LSenteheslidrdingel , 8+®etaandmmineearicb}:,ﬂ O0ve for

hydr ol he. di nj t l. | t of t | t
eéu;f) ?/fll C&P%‘#{?‘?}}P& Ei;eé@bgfhglf:éﬁ%ﬂca ]}/éxame hyl %rr}uneo lega 1§r511nlesrez§:ts eas

with the hydrolyzed dinitrile product to form the amide. Therefore, the diamine should

be added in an amount sufficient to react with the hydrolyzed dinitrile product and

20  produce the desired amide. This amount is generally at a level of within 10 mole
percent of equimolar based on the dinitrile. The exact level will be determined by
factors including the molecular weight desired, the reactor design, losses of the
dinitrile during the process, and losses of the diamine during the process.

Water is used in the present invention both as a reactant in the hydrolysis of the

25  nitrile and as a processing aid in the polymerization. In the contacting step, the
amount of water used should be the amount effective for hydrolysis of the dinitrile.
Typically, this amount of water is at least equal in stoichiometry to the amount of
nitrile to be hydrolyzed. The water is added into the reaction initially or during the
reaction as a water purge.

30 The optional catalyst component of the present invention may include any
substance, which promotes or accelerates the processes of the present invention. This
may include catalysts identified within the background art for the hydrolysis of

5



nitrile to be hydrolyzed. The water is added into the reaction initially or
during the reaction as a water purge. 30 The optional catal yst conponent
of the pme@entIsenventi on nmay include any substance, whi chCpUsMOIRs Or

accel erates the processes of the present invention. This may include

catal ysts identified within the background art for the hydrolysis of 5 WD
01/ 79327 PCT/US01/ 10027 dinitriles, the polynerization of polyam des, the
reaction of amines with nitriles, and the like. In addition, nore than one

cat al yst gomponept be adde 0 prompte or., enhance these reaction
processesfam%‘g‘i’seg’@rﬂo%vga PRSSRIEY? lflﬁsatt IGagton; of amings Vo iEfes. @Bdt ai ni ng
phosphor ugheQikeD o4 A8itioR ) HER Than U He RafAl RO AR ARNELHP B RElRed 18 PYdHSte or ‘
cont ai ni ng sul fur compounds, netal -contai ni ng conpounds, such as copper or

manganes e enkance these reaglinh preenseasi Repsersative dassed efsataliysts inelwils oxygeds .

Specific : ' e ric acid phosphorous acid,
hypophospﬁgégll@ge}%’& %130(}1?)%/(?&5% té@%%gﬁ'% accol?lga?ﬁgggf)rﬁ% 916’8%&0)83?3 &8 hydr at e,
manganes e ¢ordtdifhjpomifas pérhpeunds diylddoataining abmpoundayquop A96spet 65 sul furic
acid, 10 sulfam c acjd, sodium bisulfate, .ammoni um hydrogen sul fate,

phosphot uA§agaese dlighatie apd arematicraeborslie pcidwiand e wes aeidsr Dpecifigi nc acet ate
di hydrate | : : : at e,

ol o1 umn agFhiEs St indfRk BRIHHGHCaciS JBSHarOUARE, B SodtBAMOHS

t er epht hah¢id, moophospharid fead, sogihinHgipophaaphitk hydratehanum

trifluoronet hanesul fonafe, , manganese(l|)acetate tetrahydrate, 15

Loty Lo e e P o B rasFySBIEaEh T B REOSIE, Fy Riaiagic

pyri dyd phogniebiacidasddium Bistth i RBRuRAh) B2 s‘llfat%!;?hdg;)l’(ﬁtﬂﬁﬁﬁc bigreof. If a

catal yst is used in the process, an effective anount of the catalyst wll
be that hydratet Phesphomelypdigaeiddiydrate mingrasetatendhydrateotipssulfagd the dinitrile,

pol yneri zat i t ] and/ or e nheaction of . the di.nitri.le and

di am ne. %t%@edf #%’cctopg%r a ageﬁt%e g ﬁlr%’gdlc"}kf'uenrn %ngted igl‘yfcgﬁ%?ﬁld’cagfpé?yst s, but
t ypi cal | yadid) iksphthdlitiaid, kgephatingie acid, 8-sdMoibepHolidic adidpl@thapt@f erably 1.0 to
200 mmol e, .nore preferably 2.0 to 10 nmmol e, of catalyst based on one nole
of di ni t r frifloremethanesylionats, spanganese(iacetagg ietrabydigteno” cocat al ysts are

UL R A SR kb SRS TEL AR oducLon o 1
cocat al yspygridmphdsplhénicecidnyswufoisdpbthaki¢ adigsine rhixsiresithateofie.

If a catalyst is used in the process, an effective amount of the catalyst will be
that amount used to promote or enhance the hydrolysis of the dinitrile, polymerization
of the amide, and/or the reaction of the dinitrile and diamine. This effective amount

20 will differ for different catalysts, but typically falls within the range of 0.10 to 500
mmole, preferably 1.0 to 200 mmole, more preferably 2.0 to 10 mmole, of catalyst
based on one mole of dinitrile.

While the inventors have found that no cocatalysts are required in the present
invention, to effectuate the production of the polyamide, cocatalysts may be used in

25  the present invention. Such cocatalysts may include any of the catalysts listed above.

Other components may be added to the reaction mixture as are known in the
art. For example, stabilizers, including thermal stabilizers, polymerization catalysts,
processing aids, pigments, antioxidants, and the like may be added.

The effective amounts of dinitrile, diamine, water, and optional catalyst to

30 effectuate the reactions necessary for production of a polyamide are mixed together

and added to a reactor, or added separately to the reactor and blended. Any desired



O her conponents nmay be added to the reaction mxture as are known in the
art. For exanple, stabilizers, including thermal stabilizers,

pol ymer i a0 bom3ent al ysts, processing aids, pignents, antpPOrRUS@rnts27 and t he
| i ke may be added. The effective anmounts of dinitrile, diamne, water, and
optional catalyst to 30 effectuate the reactions necessary for production
of a polyam de are m xed together and added to a reactor, or added
separately to the reactor and bl ended. Any desired 6 V\D 01/ 79327

PCT/ US01/ 100 7 act an be use art. Suitable
reactors [REP 8%“ ° 455 raP &te W%ng}e aﬁ“lﬁhtetre\é\&%rél ‘i]t‘ F3frEed 5 col um
reactor, autotlage, a8ambtired Asklave @@&uﬁﬁa&ezt&csr a Mbe@eactdr, atdE108p PEREE. | S
generaIIy run in the absence of air. The air may be renoved by any known

process. ExanpMoseoves| theiprasessgs a@nerfrtbf ruB it thgabsance efair.olke &ir waytbei ner t
, t d fill t
gases, sugh,@3q ’Bgeag& %ﬁ@gﬂ Sr(?cregoorE s ﬁgh@eg%%pglfg tﬁ@fe%g Ndadibddd 1 g

within inert ga ressuri z I nerlteac 8%es fol | owed
by venii ngithandrt gmmdhwmtrogémm@memamMe reatoriand filliig ialvithiray be

repeated as _many tipnes as, red After the c ntacting step, the reaction
i xt ure ofneftrgéis%sr ’ieF%mZH’igé Fractopmit rmert gagey H%’ﬁt‘r éﬁr’(&!‘tlftgatf’all yst are

heated in CtrREget # A range of
about 18010 BH0G, Tprerraly 160 o Baba. e e ot BRI T

220C. Thedestreder ature range of the pr ocess i s determ ned by the rate of t he

reaction. At t ratu 180 C ra eaction is

general ly too ﬁg\%}) ﬁ’g %8 acﬁ%ﬁ V\ig el"l?}l({?s@’fxdfre o£ﬁ1 t%?f’bg?’a‘{lﬁ‘r‘l% WRShe 240C,

si gni {0 capkd egiusar catalysthye H&td@lﬁﬁ@w&ﬁctoﬁtu%kﬁ@ﬁel&\fdt&meﬂﬁeraﬂﬁb’ whid @emed. The
reaction tenperature may renmain constant throughout the course of this

reaction tangeafabnut o 10323|40°Cnpre§@rrkdy 490 ta2B0°r exkmors preferably 28kt in this

overpr 608Ceo HATSPERBALPaF O PATER BIFRHRIES P TRRBbFIEHAT on of

triam ne IR t is 20 step
may be wi t”hféﬁsﬁ%%ﬁalg%%@é 6896‘31?“()e %%&%gnq%%&awgg 1{))‘8?% el preferably

1.03 to #cor@mily(ukafl.t At ipenmirgy above 2405, ef@liﬁdahyan'h&(ﬂltk of ®60 psig. This

step y be run der ., auyt ogenous_ pressure or, nay be vented. The reaction
pr essi:? e wehes Bianiee, DRy Rerfarmedht Thedesqtiog. temaerﬁtar% PRYFERaInt he vent

pressure @&&taﬁl?tlﬁ@ﬁghroﬁtﬂh‘étco%@@gfﬁﬁs RS By RUlrielY ef e abl v, the vent

pressure Is set to ensure t a mpjorit the water is not
In general, any pressure may be used in th15 step. However, the inventors have

found that the process may be run at lower pressures than the prior art attributing to the
less production of triamine by-products. For example, the reaction pressure for this

20  step may be within the range of 0.689 to 3.45 MPa (100 to 500 psig), preferably 1.03
to 1.79 MPa (125 to 400 psig), more preferably 150 to 260 psig. This step may be run
under autogenous pressure or may be vented. The reaction pressure may be controlled
by the vent setting. In particular, the vent pressure may be set to let some of the water
out. Preferably, the vent pressure is set to ensure that a majority of the water is not

25  vented.

The time for the step of heating and maintaining the reaction mixture at this
first elevated temperature is a function of the reaction temperature, process design,
reaction catalyst type and level, and the like. Generally, once the reaction mixture is
brought to the desired first elevated temperature, this temperature is maintained within

30  the range of 0.10 to 20 hours, preferably 0.10 to 15 hours, more preferably 0.10 to 10

hours.



25 vented. The tine for the step of heating and maintaining the reaction

m xture at this first elevated tenperature is a function of the reaction

t enper at wepi/m3eress design, reaction catalyst type and pevekol/moz t he

i ke. CGenerally, once the reaction m xture is brought to the desired first
el evated tenperature, this tenperature is maintained within 30 the range of
0.10 to 20 hours, preferably 0.10 to 15 hours, nore preferably 0.10 to 10
hours. 7 WD 01/79327 PCT/ US01/ 10027 After heating to the first el evated

tenperature an rature for 0.10 to 20 hours, there is
no need to coo?‘f{mh t’é’ﬁg? qg#‘fﬁ% %?W@%@PW@%%@H%“‘P& ¢ {RPSRRBF

el evat ed FRMAS BL20 Kourd, Asr&aho ﬁe@@t@émq&%eaciloﬁ%khﬁyﬁﬁ& fonefiddwe first to
second heating. Thus, after maintaining the first el evated tenperature for

a period 8t sscandmlevatadetempaiatire ninsiead. the:piosessieeontiauoesiromn the Ssttond

el evat ed D 380 to 325
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the refict dmeathd reafion nfigtus©iRRh@tdatedno @kedond ehvdrd teMﬁér@tﬁlrdﬂAﬁgw@ﬂ'QS()e nting.
The tenperature range of this step is determ ned b e rate of the

hydr ol ysi & 355G preéaraldy 260 ms%%pyﬁ@rq praferadily 2 édta 3R Canhile nwrgingdbe At
t t 1.y too lowto b
e RSP PR e AL BE il By SRE Bt AR 0, 2

by- pr oducateirehyrotigh Ventingd. The process tenperature nmay renmi n constant
t hr oughout the ﬁourse of the reaction or may be varied. Before or after the

second el evat ed ¢ E&RpReTaigTangsy ofAhig steg l%@@@m@e@@é@ﬁé@e of {he hydralysis s added
to theyr e?éét:f?&} e tl?ﬂﬁélgaseérqgacﬁﬂﬁgnﬂhe Lehy eéétﬁ{%ﬁ'b@fogv 3R gaction

may vary Signi e rea I on sc e reactor’size, the

react or desiction ratet hgenﬁalcty tooriotvaoe eednonticalychstful: At tegnpetatugenissval , the
rate of vvater addition should be an effective anmbunt to aid in the r enoval

of ammoni 830 GhsiEgnifisaphaneunts efby-pefysiemry ke fosmeds The Pregepsiempeagireal | y,
this amuﬂﬁggém%@gcgﬁst%t oﬁgll'lé’ﬂttt@ &u}slé%f by ?Ectl%$ o?fma b%lvz#lgd 100 nol es OT

wat er per the nitri he™r wat er addition

wi | | preferabl Befoge ot aftdrnhd seeondelgeatad tefhpiratiire 652 50IceR50°00¢ Raghiedf er abl y
0.1 to_10 noles of water per hour based on 1 nole of nitrile. Moreover, the

pur gel§ at wategisadded s thsreastorian autse (iherate ob waics addition ntp thegepstipnhe vari ed,
or the PULREG vARY, s@iﬁﬁcanﬂy based on the reaction scale, the reactor size, the reactor design,

the reaction temperature and the like. In general, the rate of water addition should be
an effective amount to aid in the removal of ammonia, which promotes the
polymerization of the amide. Typically, this amount of water will be within the range
20  0f 0.01 to 100 moles of water per hour based on 1 mole of the nitrile. The rate of
water addition will preferably be within the range of 0.1 to 75 moles, more preferably
0.1 to 10 moles of water per hour based on 1 mole of nitrile. Moreover, the purge rate
may be constant throughout the process, the rate may be varied, or the purge may be
turned off and on. The water purge may be turned on at any stage of the hydrolysis
25  process.

Some of the water added to the mixture may then be removed by known
methods, such as venting. While all of the water need not be removed, at least some of
the water added in this step should be removed in order to effectively remove
ammonia.

30 This step may be performed at any reaction pressure above atmospheric
pressure. For example, the reaction pressure may be within the range of about 0.172 to

3.44 MPa (25 to 500 psig). Preferably, the reaction pressure is within the range of
8



turned off and on. The water purge may be turned on at any stage of the
hydrol ysis 25 process. Sone of the water added to the m xture nmay then be
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be renoved, at |east sone of the water added in this step should be
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having a tube r&5L¥6HOT RErturepagday Pt 83in¢ 1S8R ORAshE reactar sy Jﬁ?\;te R ocl ave” or
col unyo r e gl Mkt el tempeldfRt F nidy BeBifeRACROP Heaeﬂng\f@mdse&&moaé@&w e. The
reactor may be those known in the art including, but 15 not |limted to a

stirred atpmperaiye, Fonexamplertheteagior fuithe st elevadediiempersdereanay fged thse
react or, t.0 T Lnvwention y
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t enper at ufezdb drtreagion ndigirainto pi iitoclhde éraotunet seacor, itdch Bdeyrditéithe The
third optional step.,involves 5,lrrgll nt ai ni ng thtg reaction mxture at a 20

t enper at upond elepated fgrperaipres ddereack ey i these kayeway in ¢he ak incliding, Bt

pressyse 4,6 [iaidPRI \Rirted aBfRESE! £ unbhifred AltbQue, h UbLDET reRQbY FREBZ At i on of
the am de and may be

reactor, or a loop reactor.

The process of the present invention may optionally include an additional stage
after the second elevated temperature heating stage and prior to recovery of the
polyamide. The third optional step involves maintaining the reaction mixture at a

20  temperature in the range of 250 to 350°C while reducing the reaction pressure to
atmospheric pressure. This allows further polymerization of the amide and may be
useful in obtaining a polyamide having the molecular weight desired, and particularly,
a higher molecular weight polyamide. The third stage is often referred to as finishing.

The third temperature range of the process is determined by the rate of the

25  polymerization and the melting point of the product polymer. In particular, the
polymer should be molten and the temperature must be high enough to get a
reasonable rate of reaction. However, the temperature must not be too high so as to
significantly degrade the polymer. The third temperature will generally be in the range
of about 250 to 350°C, preferably 260 to 325°C, more preferably 270 to 300°C. This

30 temperature may be the same as or different from the second elevated temperature

provided it is within the range of about 250 to about 350°C.



useful in obtaining a polyam de having the nol ecul ar wei ght desired, and
particularly, a higher nolecular weight polyamde. The third stage is
often refwopne®3td as finishing. The third tenperature ranper@wlotoe27pr ocess
is determned by the rate of the 25 polynerization and the nelting point
of the product polynmer. In particular, the polyner should be nolten and
the tenperature nmust be high enough to get a reasonable rate of reaction.
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specific b%&%ﬁed,&%ﬁea@[&xﬁﬁ@beﬂgé,rtﬁ-‘éjxlveaétﬂﬁx ﬂﬁ,@é%ﬁfe' Y e rature, the

reaction pressure, and the | i nerally, this step wll require from
0.1 to 5 ksuenllyghisfstapabillyrequifsirorp 031 fodulnairs, Phaferablyd?. 25 tof Dhourki s t hird

heati ng step be the s reactor desi used for 10 the prqcess stages
descri bed abocj}llgfeaﬁ@? etﬁﬁﬁ'?lffgﬁ%%wgéf?a W%’qéeetﬁgé%"éﬁrqafgﬁfimeggﬁﬁ tabl e
react pg s. tiNQrakdsy stapdiQiehérite@ebof oty B @SRRIt A8 REIe&Rd FontRHEt ed in a
continuous . manner. For exanple, there is no need to discontinue the

process t Suikabls rea¢tarsy eact i on prior to noving to the next step of heating.

oneraets | no Roldbiitnd 350 O AN M if DhdAERE P8 LR, 20T || one!

reactants in di ages. I ng process “sinp ies the
manner of n@hoetudongxpoply aheddsndyeadad disavitirgettiee protess telpdol thereastivat | Nui ng

OO L R B e T Bl e s Rl
cont apd NatHeQRodeddtd RAdi ARt RAQSHE IrSdiffIRA {thdRMARBordZE1F UM fidkesymy be
nmeasured, for exanple, by gas chromatography of the polyam de
simplifies the manner of producing polyamides by not having to interrupt the
continuing reaction to produce the polyamide.
The inventors have found that the products produced according to this
invention have less triamine contamination than prior art products. The triamine
20  content may be measured, for example, by gas chromatography of the polyamide
hydrolysate. For example, when the diamine, hexamethylenediamine, is used in the
present process, the levels of the triamine, bishexamethylenetriamine (BHMT), may be
determined. The greater the triamine content, the more contamination. In one
embodiment of the invention, the polyamides produced according to the present
25  invention have low levels of triamine content, such as about 1,000 ppm or less. In
another embodiment of the invention, the polyamides have a triamine content of 900
ppm or less, preferably 500 ppm or less, more preferably 400 ppm or less, and most
preferably, 200 ppm or less.
The products produced according to the present invention further may be
30 characterized according to its relative viscosity. Relative viscosity refers to the ratio of

solution and solvent viscosities measured in a capillary viscometer at 25°C. The

solvent is formic acid containing 10% by weight of water. The solution is 8.4% by
10



hydrol ysate. For exanpl e, when the di am ne, hexanethyl enedi am ne, is used
in the present process, the levels of the triam ne,

bi shexanswaygi/egsetri am ne (BHMI), nmay be determ ned. The pBeraseriovive

triam ne content, the nore contam nation. In one enbodinent of the

i nvention, the polyam des produced according to the present 25 invention
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present invention can be used in any known application 15 for  pal yam des.
For exanpl e, ﬁggeolpféwfsﬁrpgg@ RERHavedeg c&%BF ek 1a anp kpewn appliqtiphs.  and

mol dipg ¢ WRERdesEMBkdmple, THER Jolp4RRALsAn e ke AN, ldstisS FRhed by the
ﬁ{rfgB fic

foll ow ng n-limting specifi

and molding compounds.
EXAMPLES
This invention will now be illustrated by the following non-limiting specific
examples. In each of the examples, the products are analyzed according to the
20  following methods: adiponitrile hydrolysis levels 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%
formic acid; polyamide end group analysis was determined by titration; and
bishexamethylenetriamine (BHMT) levels were determined by gas chromatography
25  (GC) analysis of the polyamide hydrolysate.
Example 1
This example demonstrates the production of polyamides by heating a mixture
of the dinitrile, diamine, water, and catalyst to a first temperature of 180-240°C, and
heating to a second temperature of 250-350°C with water purging of the reactor at the
30 second temperature, and maintaining the temperature of between 250-350°C while the

pressure is reduced to atmospheric pressure.
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exanples. In each of the exanples, the products are anal yzed according to
the 20 foll owi ng nethods: adiponitrile hydrolysis |evels and products were
det er m nado by7931 gh pressure |iquid chromat ography (HPLC) panakyigios7
relative viscosity (RV) of the polyner sanples was determned as a 8.4
wei ght percent polymer solution in 90.0% formc acid; polyam de end group
anal ysis was determ ned by titration; and bi shexanet hyl enetri am ne (BHM)

| evel s were determ ned by gas chromatography 25 (GC) analysis of the

pol yam de hydr ate. pl e . i.s exanpl e deno rates the production
of pol yani des gb%ﬁéé?m%@m%‘&’ggzgfgrﬁgg ﬁ%ﬂpﬁ?lg%ﬁ%@fﬁ er, and
catal yst HhRight E)E{céﬁtsagﬁémﬁrséhﬁbﬁ h&fandiy1&AfamiAd th4 d3eahinGuivaleéd s£cond

ur

tenperature of 250-350C with water ging of the reactor at the 30 second
t enper at uhexamgibylesdizmisichivers mixed watiyibe eatalyst, phosplearigeasid, 256n 30w | e t he

pressure | uced. t her i ressure. WD .01/ 793 / US01/ 10027
40.00 gr a@og%g%‘g? %%an?% ‘%%’%g,?g%%e.nﬁéq‘gerogﬁé&%o’bé%lpéﬂ”,sl’}é’ﬁ‘& aéﬁiz(i’é’% &R of 69. 76
wei ght5 peegénileacpfehusphafit uéidpin hE00edeitdinlesywieh] amolavé 44083 gr am equi val ent
of hexanet hyl endi am ne) were mxed with the catal yst, phosphoric acid, in
an anount tespergurgg I hgayipslaye was gresqiizga to H8Y MPa (390 peig witharitwegesangs
phosphori ﬁle%&%ufeow%etﬁenge%yséi. CFHL ¥5r&iin Qs @E@ﬁ@%&h? t&ﬁ}f%re% BinRs300 ccC
stai nl ess steel autoclave at room tenperature. The autocl ave was
pressurized t o WitlstiriRg, theaitoglavgvashdaledto ROOYEWitAnke prekbrgves setra@ Was t hen
rel eased. This operation was repeated for a total of three tinmes. Wth

stirring, L{7TRMBaf{Z¥insigd Wdier pdugdeg 2QP°Cothe pipsswretwras fpvndsioniary besween et  at
1.72 a i : ieving 200C, the pressure was found to vary
bt ool § 3930 171keq 6 ?\?ﬁéwfaa- 248 psig). After 3 hours at 200 C, the

t enper at ure Wa\fieaB $00rstad2@0 5C Ghatenyftr ftiretwdiBais@l toSEC AWEEh @S, Punped
into the autoclave at a rate of 0.5 nL per mnute. Through venting, the
reaction piats pures wasumped i teapuieddieat a1ate of 0§ mL per mimutg. JHlgopglo  psi g)
during th r ; ' . t Adpe autocl ave
ws vent ee it B s bR B RARE L Rbarhea 6Eln [ 0RT 7ZPL g 2062 1

at nospher psigpdeiisithe courbeofatht experineenvas nmai nt ai ned at  275C for an

addi t{é)nal 45 m nutes. The autoclave was then allowed to coqgl to room
After 1 hour at 275°C, the autoclave was vented down to atmospheric pressure

over 1 hour. After achieving atmospheric pressure, the autoclave was maintained at
275°C for an additional 45 minutes. The autoclave was then allowed to cool to room
temperature.
The contents of the autoclave were analyzed for relative viscosity, end groups,
20  and BHMT content as described in Table 1.
Comparative Example 1
This comparative example demonstrates the results obtained where, when the
second high temperature is reached, no water purging is added to the autoclave. The
procedure of Example 1 was repeated except for the following changes. The same
25 amounts of adiponitrile, water, hexamethylenediamine, and phosphoric acid were
added to the 300 cc stainless steel autoclave at room temperature. The temperature
was raised to same levels as in Example 1, but no purging of the reactor with water
was conducted. After the first temperature of 200°C was reached, the observed
pressure ranged from 1.10 to 1.74 MPa (159-252 psig). After the second temperature
30 of 275°C was reached without any purging, the pressure was found to vary between

4.03 to 4.65 MPa (584-675 psig).
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tenperature. The contents of the autoclave were analyzed for relative
viscosity, end groups, 20 and BHMI content as described in Table 1.
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high tri ammi@nm@t@d@nd impefie predust. a si gnificantly contam nated and inpure

pr od . 10 Conparative Exanpl rative exanple also illustrates
the results obtai ned where no %O arlalﬁlﬁelﬁ nIgB ?uct ed. The procedure of

Exanpl e 1 was Thislconpdratise e@nﬁmeaﬁaﬂmstry@sme rasulis dBRiMUdSVIRTe b am ne, wat er,
dinitrile, and phosphoric_acid. However, with stirring, the autoclave was

heat ed t oPWgHE, is vprdustedo Jba pirsediie o Examplsdevieiollayed ugng mar_[@ typashi n t he
range of t he
aut ocl aveg[l\k‘/;%n %eé%c’%‘ﬁ ‘%e@é?ﬁ@%gf%’g %‘8532‘5%?8%@1&&0 ser ve ng260C

ranged  the autoclave was heated to 240°C. The autogenous pressure observed at 240°C was
15  within the range of 2.10 to 3.14 MPa (304-455 psig). After 70 minutes at 240°C, the
autoclave was heated to 260°C. The autogenous pressure observed at 260°C ranged
from 3.63 to 4.08 MPa (526-592 psig). After 80 minutes at 260°C, the pressure was
vented down to atmospheric pressure over 30 minutes. Once atmospheric pressure
was attained, the reaction mixture was maintained at 260°C for 15 minutes. The
20  autoclave was allowed to cool to room temperature and the contents were analyzed.
The analysis of the products in this comparative example are shown in Table 1.
Table 1 shows that the method of comparative example 2 produced a product with
222.3-232.8 moles of amine end groups per million grams of polymer. This high
amount of amine groups is indicative of poor adiponitrile hydrolysis. As such, there is
25  apoor hydrolysis of the adiponitrile. This is further evidenced by the analysis showing
that there was no production of acid end groups. Finally, the resulting product had
high levels of impurities as shown by a BHMT level of 1,684 ppm.
Comparative Example 3
This comparative example shows the results obtained when the temperature of
30 the autoclaved mixture is raised only once to a high temperature. The procedure of
Example 1 was followed except that phosphorous acid in an amount of 0.0836 grams

was used as the catalyst. The autoclave containing the mixture was pressurized to 2.07
13



from3.63 to 4.08 MPa (526-592 psig). After 80 mnutes at 260C, the
pressure was vented down to atnospheric pressure over 30 m nutes. Once

at nosphewa@opregsure was attained, the reaction m xture napUSEl/TOE ned at
260C for 15 mnutes. The 20 autocl ave was allowed to cool to room
tenperature and the contents were anal yzed. The analysis of the products
in this conparative exanple are shown in Table 1. Table 1 shows that the
nmet hod of conparative exanple 2 produced a product with 222.3-232.8 noles

of am ne er mllion,grans of pol r. Ls hi anount of

ani ne gr oﬁ@g‘ @9852%? g’éﬁ“in\l/ O8SP apd ep&ﬁs&?n‘? Sr%ﬁgs%éhmvgi’%ﬁ‘reﬁga%uch, t here
is 25 a poerdudiedrtiiey Sinfes @hd,twith &B1iREMhE Ailtb8avelWhsShdatedity Ry h|T wakitgenced by

t he anal ysis showing that there was no production of acid end groups.

Final |y, PReSWeyeatsetyf lor2oMia (230mpsig)hiAdier pelveyisg 875 Grpuvater pisgeawashown by a
BHMT | eve : ] apnl e 3. Thi r.ative exanpl e
shows theb?@@%ﬁng@glg% g‘lmr?tlaagg \%ﬁ%ﬁ]ﬁ% %fé&ggﬁ“p ra l&ﬁtee' Eﬁo@%’%ﬁgﬁ‘% %cl aved

m xturf®e i seacaosp@sund waonamtdinedbdmwedn 1.6Tpet. a4 M (23025p peigh durig e

Exanple 1 was étotgl owed, exce tm\t ph??ohor ous acid in an, anount of 0.0836
grans  waSOHSe A8 ei‘li’f'é"‘&"d’tt'a?‘%@’f. et 4019 o IR WatehPRIgS Wapgisceintedt ure was
pressuri Zgeh @ agtdefave wvalWeMtid 43R fo RmbishiRt/ ph0Qart o MPRRbRONPSI 9) Wi th
nitrogen and the pressure was released. This procedure was conducted three
ti mes andatnyispherist pressurey thetdueoctaye ovisallewedito ¢redteomoteRpeiGtuse tind thee
pressure ye et at 1.72 MPa (250 psig). After achieving 275C, a water

pur ge vvascong%nr%%g reiarﬂag}'zfﬁ‘e autoclave at a rate of 0.5 nL per m nute.

Throuph vent i nThe bftySs 6L@E pradcR i ERUERANMAS ardBhoWR iNEsbIDS! WaBR 11. 67 to
1.74 MPa (240-253 psig) during the course of the experinent. After 1 hour

at 275C, thfavsigeidhe afgemapatiynexaninie> particedia Pradueiovislve highs vent ed
down to a&%&ﬂ*ﬁ%&ﬁﬁn@%%ﬁt‘éﬁ@ 1Y Ethe BHIOH confeht }Nﬁé E’6§é’g8 | C pressure, the
aut ocl ave Was al | owed to Codl fo roomtenperature an he contents were
anal yzed. 10 The anal ysi s of tKRempamtiveEgampletdi s exanpl e are shown in
Table 1. Table,l. shows that the.nmethod of conparative exanpl e 3 produced a
product wth aThsd:ﬁfnpmﬁFx%?&F Flﬁmﬁét@dﬁf‘gﬁfit@%&heﬁﬁ@ W& Snt ent was
1, 0391 PPMeordRibied’ ahk pRodEI@ERI Ex4mpRRi 1SwAORIRBHaY EXRpEmalPbE3d fhmsloFat es the

results obtained where no purging is
phosphorous acid was used as the catalyst. Moreover, the procedure differed from

Example 1 in that the pressure at 200°C was between 0.918 to 1.01 MPa (132-147

psig). After three hours at 200°C, the temperature was raised to 275°C. The reaction
was allowed to stir at 275°C for one hour with the pressure vent set at 1.72 MPa (250

20  psig). No purging with water was conducted. The autoclave was vented down to
atmospheric pressure over one hour. The autoclave was further maintained at 275°C
for an additional 45 minutes and then cooled to room temperature.

The analysis of the products in this example are shown in Table 1. Table 1

shows that the method of comparative example 4 produced a product with a high

25 amount of amine end groups signifying poor adiponitrile hydrolysis. It further shows
an acid end group content of 22.2 moles per million grams polymer, which is
indicative of poor production of the desired polyamide. Moreover, the BHMT content
of 2,709 ppm is indicative of a high amount of triamine content.

Example 2

30 The procedure of Example 1 was followed except as follows: 62.24 grams of a

69.76 weight percent aqueous solution of hexamethylenediamine (43.42 gram

equivalent of hexamethylenediamine) was used and the catalyst, phosphorous acid,
14



15 conducted. The procedure of Exanple 1 was foll owed except that 0.0836
granms of phosphorous acid was used as the catal yst. Mreover, the

procedur avabf/feered from Exanple 1 in that the pressure arCPO0G/Wex bet ween
0.918 to 1.01 MPa (132-147 psig). After three hours at 200C, the
tenperature was raised to 275C. The reaction was allowed to stir at 275C
for one hour with the pressure vent set at 1.72 MPa (250 20 psig). No

purgi ng with water was conducted. The autocl ave was vented down to

at nospheric pressure over our. The_ autocl ave rther mai ntained at
275 1 or Vi biedan an amaintal st PRGBS OHE L O OHF PR at ur 0. The
anal ysi s @hs fdHadR6 Qﬁgcﬂe]?wée'ﬁ 1t.mt%1e7<zamﬂa<€1@e{-gsﬁﬁggmdmhi§%b&&dl- Table 1

of co e

shows that the netho nparative exanp produced a product with a

hi gh 25 atempsratae od @i 7, dhgiregetnmessignvésynaigtapedthedgip veritingitietwéendr ol ysi s.

It furthe ho i nd. gr.0 ant.en 22. 2.1l e er mlli.on grans
pol yner, M?é‘?’n\i\?@ ﬁ?%@#‘ég%lﬁ eSI%fdmglg fﬁlep)crogrﬁégﬂhgnexg?rl?‘ﬁlg' ?&gicplétanﬁggfyam de.
Nor eover , tHehatdBHVE veep ity zed @F d@sc¥iB&d mprables1.i ndi cative of a hi gh amount of

triam ne content. Exanple 2 30 Theaé)r ocedure of Exanple 1 was foll owed
except as follows: 62.24 grans of Xagplerd wej ght percent aqueous sol ution

of hexanet hyl e i ] r I f t Fam ne
v waad and ¢ Roc pRkdGe bf BxiteldliAs GYERRE FOINETR MLERFBLET) 15h27
was used 69 7amweighd patcextfaqie@B836lugipa it hexdimethydertedimpena(dird gphm200C, t he
ressure was .fou to vary between 1.12 to,1.72 163-250 psig). At
P S bcofttval s ner el Enc e we el e Bt Caebt Ae IRt o hed
through veat Ld iRehWRRNNt Jf BBI6Yrdmd 8AMR tém@atdRSoOH09C, tﬂé‘Ffe@Qhr&he course

of the experinment. The contents of 5 the autoclave were analyzed as

descri bedwasforagite vary bepeampl. 7 ® IThHeMPadt dH22erog). Bxhpbecond was f ol | owed
except as_fol | ows: . Of A ' ]i%,g ISz$0l ution
of hexane%eﬁnﬁeéa%ér iog%g?{e%l’(t %gggnOglrpé%su%%?s\éogﬁéﬁ%%?&ﬁggﬁg{?e yltdg‘(ripeJ |5321m ne)

was used psig). tTie cateatsysitthe pltospleowere analgrad, asld@sortedus &dblen. an anount of
0.0836 grans. At the tenperature of_200C, the pressure was found to vary
between 1.17 to 1.58 MPa (170-229 g&idgPleht the second tenperature of

275C, 14 he r eacth 0B, REATE OF BxiAsic1al 6o NePER chCasolldwivife fabPst253
phosphorous acid, was used in an amount of 0.0836 grams. At the temperature of
200°C, the pressure was found to vary between 1.17 to 1.58 MPa (170-229 psig). At
the second temperature of 275°C, the reaction pressure was between 0.965 to 1.74
MPa (140-253 psig). The contents of the aﬁtoclave were analyzed as described in
20  Table 1.
Example 5
This example demonstrates the usefulness of catalyst mixtures. The procedure
of Example 1 was followed except as follows: a catalyst mixture of 0.0205 grams of
phosphorous acid and 0.0075 grams of calcium hypophosphite was used. At the
25  temperature of 200°C, the pressure was found to vary between 1.12 to 1.73 MPa (163-
251 psig). At the second temperature of 275°C, the reaction pressure was between
1.66 to 1.72 MPa (241-249 psig). The contents of the autoclave were analyzed as
described in Table 1.
Example 6
30 The procedure of Example 1 was followed except as follows: a catalyst mixture
0f 0.0205 grams of phosphorous acid and 0.0075 grams of calcium hypophosphite was
used. At the temperature of 200°C, the pressure was found to vary between 1.12 to
15



psig). The contents of the autoclave were anal yzed as described in Table 1.
Exanpl e 4 15 The procedure of Exanple 1 was foll owed except as follows: the
cat al yst wophaosphor ous acid, was used in an anount of 0.0BEGHUgoIzIw827 At t he
tenperature of 200C, the pressure was found to vary between 1.17 to 1.58
MPa (170-229 psig). At the second tenperature of 275C, the reaction
pressure was between 0.965 to 1.74 MPa (140-253 psig). The contents of the
aut ocl ave were anal yzed as described in 20 Table 1. Exanple 5 This exanple

denonstra the uysefyl ness ,of catal yst m xtur o procedure of Exanple
1 was fol ﬁmp%&@biﬂﬁlg ol‘qttél?iﬁss.ecoandztﬁfngis?%‘{re HF ZY%E;ﬁl?fr_efﬁt’Gé@Sesﬁ‘Fﬁrm of

phosphor oygs BetdeRMG6Qo QDMBE AN - 2o S5 Ciadidr DHRBARNRIPHHC Sndt@d JfsiRd. At the
25 tenperature of 200C, the greessure was found to vary between 1.12 to 1.73

MPa (163- 1 heur gssseyforthin Bxampleel dhrdwetenpereawas disopnttipgds, the Awtoelave wasn
ressure n . i . (2 MPa, {241-2 Si.g)... The contents of the
P \\’/\@n%cp 83\)&"‘& Foy%t{an s@?erlcgargssur% 0V8r ll ﬁouf?i’bqng%fp atggcg%q \gaSGmgué&athe

aut ocl ave Were ana escribe n

pr ocediur eatdf75ER doipdreadditivinl 4D hinwed Exeeptenaofitied hovdaveaveratandlysdd 48 xt ure
of 0.0205 grans, of phosphorous acid and 0.0075 granms of cal cium
hypophospAfscEbethi Tabdel At the tenperature of 200C, the pressure was found
to vary between 1.12 to 15 WO 01/ 7% /US01/ 10027 1.73 MPa (163-251
psig). At the second tenperature of , the reaction pressure was

bet ween 1. 66 t @hib.ek2mplealehivhitr@dOthp pragluctidhf dfegpolganhides by hdating a@Gixturst ead of

the 1 hour _as set. forth in Exanple 1, the ter purge s discontjnued; the
aut ocl ave® d‘W@H?’é{!ﬂH%W?tSr’gg%%téWétrtP@ %?%%@G?@“’é‘%/ 180-24ksandyng t he
aut oc{@ve i t.al 2 f ik i s. The

cont onr s SRRl BnpBaND P SEREC M AP letliahe il BHhES D21
Thi s exanpdcond enmpesaturetat swod diffapemeated. i on of pol yam des by heating a m xture

of the dinitrile, diamne, water, and catalyst to_a first tenperature of
180- 240C, and 4480 grams of adipasifale, 3336 exmy %%terzéé-zégﬁ@‘Wé@%W@Ehburgi ng

of the r eﬁ&‘ka{t aa{lec;u}g Qolution hexamethylenediamine (43.42 gram equivalent of
hexamethylenediamine), and 0.0836 grams of phosphorous acid were added to a 300

15  cc stainless steel autoclave at room temperature. The autoclave was pressurized to
2.07 MPa (300 psig) with nitrogen and the pressure was then released. This operation
was repeated for a total of three times.

With stirring, the autoclave was heated to 200°C with the pressure vent set at
1.72 MPa (250 psig). After achieving 200°C, the pressure was found to vary between

20 1.16 to 1.54 MPa (168-223 psig).

After 3 hours at 200°C, the temperature was raised to 275°C. After achieving
275 °C, a water purge was pumped into the autoclave at a rate of 5.0 mL per minute.
Through venting, the reaction pressure was maintained between 1.71 to 1.74 MPa
(248-252 psig) during the course of the experiment.

25 After 20 minutes at 275°C, the water purge rate was reduced to 0.5 mL per
minute. After 40 minutes at 275°C, the water purge was discontinued. While
maintaining a reaction temperature of 275°C, the autoclave was vented down to
atmospheric pressure over 1 hour. After achieving atmospheric pressure, the autoclave
was maintained at 275 °C for an additional 45 minutes. The autoclave was then

30 allowed to cool to room temperature.
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second tenperature at two different rates. 40.00 grans of adiponitrile,
33.26 grans of water, 62.24 grans of 69.76 wei ght percent aqueous sol ution
hexanet hwenedizam ne (43.42 gram equi val ent of hexanet hypenediiznonzre), and
0. 0836 grans of phosphorous acid were added to a 300 15 cc stainless steel
autocl ave at roomtenperature. The autoclave was pressurized to 2.07 MPa
(300 psig) with nitrogen and the pressure was then rel eased. This operation
was repeated for a total of three times. Wth stirring, the autoclave was
heated to 200C with the pressure VeEE}E s?tgat 1.72 MPa (250 psig). After
achi eving 200C, the pressure was fo eRiRe) vary between 20 1.16 to 1.54 MPa

(168-223 psi g) ThidfekampR degonstrats RO Praduttich sf5IadRINGHE b hé@g Alns@etet 0 275C,
After achieving K 275 C . a water urglg was punped into the autoclave at a
a

rate of 59Dhthgdiniiile, digming, water apd, gHalyelt vagoustteraperatiees; withip 18824P%C was
e o HRS el pd AN GE 5 BR S e b, 20 02 ©

t he experinen m nut es at purge rate was
reducedl tpuf@idg.mL per mnute. After 40 m nutes at 275C, the water purge

was di scontinued. Wile i nt aj ni a reaction t erat ur f_275C, the
aut ocl ave was ggﬂ?&&“&ﬁ)‘\’/ﬁ?ﬁ?@mtﬁi%ggﬁgﬁnﬁs r"éaé%rupggg\g_éq‘nﬁ?teﬁoggr762After

achi evi ngywaf ﬁ&@@r{t'aﬁuﬁu@%&'ﬂﬁ@m of H@m&féﬂﬁ’r%n@éﬁ%mi 3@'%?51%%3@1%1%& &5 C for
an additional 45 mnutes. The autoclave was then 30 allowed to cool to room

t enper at uhexanmkthydediniigd2and CIB1dapams 00 e cagkwshphesghoThissicisly awersl e

denonstrates t.he oducti,on of | vami de by, heati.n m xtute of the
GToeeT | oS e D0 S R e B Fag (RN, Trlaatie ot
180- 2AC piessurizBetd 2.0% MPLBDE baip) vith ditebgeh bd the3fpessdR0%asf thén telaseecond

tenperature. with 5 purging. 40.00 grans of adi&(_)ni trile, 33.26 grans of
wat er, 62This opeestign yras sensated dor fv@wg Rf thieer tiaer:  Wih sbitiings Biepufastavewas
hexanet hy I 2%l : Lv.alent t i-am ne), and
00855 g BREEEPRAC wifine Ereb AT BRLEYR | MPH CAOTREE AR RORINATL00 oo

st ai nl ess22@%k kheqpressoteamaeied it # camge bEhPR @l (B dMMPal(28 0251 psighy A frenthrdd

pressuri zed Lo, 2,07 MPa, (300 psig) Wb, BiLFOgEn; and e Bressure was then
15  water purge was pumped into the autoclave at a rate of 0.5 mL per minute. Through
venting, the reaction pressure WE’lS maintained betWeen 1.71 to 1.74 MPa (248-252
psig) during the course of the experiment. After 1 hour at 275°C, the water purge was
discontinued and the autoclave was vented down to an atmospheric pressure over 1

hour. After achieving atmospheric pressure, the autoclave was maintained at 275°C

20  for an additional 45 minutes then allowed to cool to room temperature.
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This operation was repeated for a total
heated to 220C with the pressure vent set at 1.72 MPa (250
the pressure varied at a rarQEUSI/IDOBO to
the tenperature was
a 15 water purge was punped
Thr ough

aut ocl ave was

psi Q).

1.73 MPa (230-251 psigQ).
raised to 275C. At this second tenperature,
into the autoclave at a rate of 0.5 nL per

Afwen1/zshi evi

ng 220C,

After three

of th

m

hours at 220C,

ree tines.

nut e.

Wth stirring,

venti ng,

t he

t he

reaction pressure was naintai ned between 1.71 to 1.74 MPa (248-252 psigQ)

during the coarse of the experinent.
di sconti nued and the autoclave was vented down to an atnospheric

was

After 1

hour at 275C,

t he wat er

purge

pressure over 1 Thegententsgfiths autealaveerspanalyaeskasd dhg resydis @eesdes@ibed fe aut ocl ave

was mai nt aifgd jat 275C 20 for an additi onal

to roomtenperature.

45 m nutes then all owed to cool

17 WD 01/ 79327 PCT/ US01/ 10027 The contents of the
aut ocl ave were anal yzed and the TABHEL are described in

Table 1. TABLE 1

Exanpl e Reimple ve End Relative End gr End gBHWT Vi [EmbgroppAnal yBHMfor Anal ysi s
for (mjml Anmine Acijisdosity es/ mi | Analysié iyl es/nAndlysisfogr ang (muhyner) gr ans
polyner) 1 65 93 14.5 860 2 20 13mid®. 0 148 | Bci@4 19 123./6 415 4 50 BO
63.5 499 5 16 21 69.0 413 6 46| GbdedMilRor, (Y tholed/miiflich3 235.2 318 8 15 17
207.7 183 Conmp. Ex.| 1 19 N M N| jfant [mdfinerfongramispolynetp (233 0.0 1, 684
Comp. Bxt 3 5 NM NeM 1,039 Coap. Ex. 4 1 &FE 22. 2 2, {@80

2 20 18 139.0 148

3 24 19 123.6 415

4 50 30 63.5 499

5 16 21 69.0 413

6 46 106 10.2 1,010

7 15 18 235.2 318

8 15 17 207.7 133

Comp. Ex. 1 19 N.M. N.M. 5,590

Comp. Ex. 2 - 16 233 0.0 1,684

Comp. Ex. 3 5 N.M. N.M. 1,039

Comp. Ex. 4 12 181 222 2,709

“N.M.” means not measured.

5
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"N.M" means not neasured. 5 18 WO 01/79327 PCT/ USO1/ 10027 WHAT IS CLAI MED
IS: 1. A process for producing a polyam de conprising (a) contacting a
dinitril ayoal/dizam ne, water, and optionally a catal yst toP€DUSNIZI00E
reaction mxture; (b) heating the reaction mxture to a first el evated
tenperature of between about 180 to about 240C, nmintaining said
tenperature for about 0.10 to about 20 hours; and optionally controlling
the pressure by venting of water; (c) heating the reaction mxture at the

first el e%ﬁﬁ%wi to a second 10 elevated tenperature of between
about 250 ; ﬁdi ng water to the reaction m xture before or
after the second el evated tenperature is reached; nmaintaining the pressure

in step (c) above atnospheric pressure by venting at |east sone of the
wat er; and- mai d ropgsa dortpredusingonpolparaiggceniprisinger at ure for a period of

b 0.10 [ . I ). 2 h
accor ding to ol iR ich?, PERRNET u P At B GRIRS At e BB 2

anmount5 w tdactiorlfhixtatee per cent of equi nol ar based on the dinitrile and
further wherein jn step (a), the water (is added in at |east a

st oi chi omet ri c (RnpeAknE the r5adtips migturg fo\q fifst plevatodtemperatureof bevesnaccor di ng
to claim i b&o p i ! i pat ai ned at
athird tél?r%demg?ﬁégebd?? i(f)gat éﬁ%ngs;a oSt %g@gﬂg%{ﬁkéﬁtﬁ@ iroZaggpf%@n pressure
i s reducetotrs; atdnpsiphalyi @np'oﬂmguhepmssulreb)sverﬁﬁg@_f whtee; process according to

claim1l1, wherei he first elevated te rature i s between about, 200 to
Sbout 220C and (Drkeaas Hiefeuiop native eBREY oiosnied RRmsisti © 366tR1%270 ¢ o
about 1 B00glevated TdghePitRRT befifeeh laBoUN250 tWRSUR BBOIdI adding Wah& th thesel ected from
the group 30 consisting of hexanethyl enedi am ne, 'tetranet hyl enedi am ne,

1, 12- dodeteaabonimixtigdelorp ox gftesribe gficand pleyatad Rmperaiureds wathed; and
1,10- decaﬂl%%tgiMn%Pthe 81%95[15‘91% s(?épndcs EMV% aitrﬁospheric pressure by venting at least
some of the water; and maintaining the second elevated temperature for a period of
about 0.10 to about 10 hours to produce a polyamide
15
2. The process according to claim 1, wherein in step (a), the diamine is added in
an amount within 10 mole percent of equimolar based on the dinitrile and further
wherein in step (a), the water is added in at least a stoichiometric amount relative to
dinitrile.
20
3. The process according to claim 1, wherein after step (c), the reaction mixture is
maintained at a third temperature of about 250 to about 350°C while the reaction

pressure is reduced to atmospheric pressure or less.

25 4. The process according to claim 1, wherein the first elevated temperature is
between about 200 to about 220°C and the second elevated temperature is between
about 270 to about 300°C.

5. The process of claim 1, wherein the diamine is selected from the group
30 consisting of hexamethylenediamine, tetramethylenediamine, 1,12-dodecane diamine,
p-xylene diamine, 1,8-octanediamine, and 1,10-decanediamine, and the dinitrile is

selected from the group consisting of adiponitrile, suberonitrile, sebaconitrile, 1,12-
19



selected fromthe group consisting of adiponitrile, suberonitrile,
sebaconitrile, 1,12- 19 WO 01/79327 PCT/ US01/ 10027 dodecane dinitrile,

2- met hyl WO sv/pset anedi am ne, terephthalonitrile, and m xteergSottoer7zeof . 6.
The process of claimb5, wherein the diam ne is hexamet hyl enedi am ne and the
5 dinitrile is adiponitrile. 7. The process of claim1l, wherein in step
(a), a catalyst is used. 8. The process of claim7, wherein the catalyst is
selected fromthe group 10 consisting of phosphoric acid, phosphorous

el Y PRRRTRRRA, 25hh L RRRRL et B T HBRBRRE e

sul furic ﬁfeta),f sul fam c acid, sodium bisulfate, anmmonium hydrogen sulfate,
phosphot ungsti c acid hydrate, phosphonol ybdi ¢ acid hydrate, zinc acetate
di hydrate, zinc sulfate heptahydrate, copper(ll)acetate 15 nonohydrate,

cal ci um aget at §y0 gl XEQ! JrC1AG! S whdtl {h%d%hiﬁe RIRAEMH hEdidinifl aighgPht hal i c
ﬁof%la% % ? anesuy ton et{le,

acid, 5-sulfoisopht c acl Iant anum trifl uor one
nangadésedhﬁ&ﬂmehﬂ@enﬁﬂhrahydrate cetyl trinmethyl ammoni um brom de, 12-

nol ybdosilicic acid hydrate, 2-pyridylethyl phosphonic acid,

5-sul foi sophthalic acid, and m xtures thereof. 20 9. The process of claim

8, wherein themékﬁicléétof'cﬁauﬂ'lo%@f&ﬁﬁls@@ﬁﬁl?]%rcaﬁmﬁ%&hﬁé@us acid. 10. The
process of claim wherein in step (b) e pressure is 0.689 to 3.44 MPa

25 (100 to 500 psig) and in step (c), the pressure is 0.172 to 3.44 MPa (25

to 500 ps g). 1 The proce f claim wherein.n ste b), t he

o cosur o BY 1 The protlS A REST v BeBulst oSk ol B @) (e
pressige b@s&t&@%fﬁﬂos}ah&ﬁc Adre, phbdshokeus26Ml, R$pdphosphrolid aciline process of
claim9, wherein t irst elevated tenperature is between about 200 to

about 220ByroRhesPhPrc a¢id sodivenbyropBoshise hy disemanganess(hypemkesphidbout 270 to
e, RSN EAR A, S D g e 2L 2
whi | e t heamemniiun hygrogassnlfatd, phosptioimegsticacid hydrate, phosphomolybdic acid
hydrate, zinc acetate dihydrate, zinc sulfate heptahydrate, copper(Il)acetate
15 monohydrate, calcium acetate, glycolic acid, adipic acid, isophthalic acid, terephthalic
acid, 5-sulfoisophthalic acid, lanthanum trifluoromethanesuylfonate,
manganese(Il)acetate tetrahydrate, cetyltrimethylammonium bromide, 12-
molybdosilicic acid hydrate, 2-pyridylethylphosphonic acid, 5-sulfoisophthalic acid,
and mixtures thereof.
20
9. The process of claim 8, wherein the catalyst is phosphoric acid or phosphorous

acid.

10.  The process of claim 1, wherein in step (b), the pressure is 0.689 to 3.44 MPa
25 (100 to 500 psig) and in step (c), the pressure is 0.172 to 3.44 MPa (25 to 500 psig).

11.  The process of claim 10, wherein in step (b), the pressure is 1.03 to 1.79 MPa
(150 to 260 psig) and in step (c), the pressure is 0.965 to 1.79 MPa (140 to 260 psig).

30 12.  The process of claim 9, wherein the first elevated temperature is between about
200 to about 220°C; wherein the second elevated temperature is between about 270 to

about 300°C; wherein after step (c), the reaction mixture is maintained at a third
20



at nospheric pressure; wherein the third tenperature can either be the sane

or different fromthe second el evated tenperature; and wherein said

di am ne iwo ohessanet hyl enedi ami ne and said dinitrile is adpoouséwiob . 5 13.

A pol yam de produced according to the process of claiml1. 14. A polyam de

produced according to the process of claim112. 10 15. A process for

produci ng a pol yam de conprising (a) contacting a dinitrile, diamne,

wat er, and optionally a catalyst to forma reaction mxture; (b) heating
erature of .bet.we about 200

the reactio nlxtu e, t fir y

to about e tanpd Bou Mibu HPChRle METRRLOh fiSefe i R om0 15
(c) heati Hﬁn&s Eer'icgﬁt@ishﬁm whexdin/ iR thied &nﬁﬁﬁaﬁ’lﬁk@ cBh BNIRdr B theEHRRY Gdifrrenf

bet ween abou to about 300C, adding water to the reaction m xture

before or ﬁam@ﬁ sepad elaveisd derapassiares nd tetaid diaininerisached; subsequent |y
renovi ng eghxlg}?@éa?lgﬁ%?%d ?al mit}iperigu 1pon§rnlt' ng; and mai ntaining the

second el a perto Sbout 0.10 to about 4 hour s;

20 (d)Sheating the reaction mxture to a third tenperature of between about
275 to about 300C and maintaining.the third tenperature, which may be the
sane or d&ff elAePRIYW’GWWC%%HHi”& ovthe erpcesippalaamdr e, while the reaction
pressure is reduced to atnospheric pressure or less to produce a

pol yam de. 25 16. A polyam de produced according to the process of claim
15. 21 14. A polyamide produced according to the process of claim 12.

10 15. A process for producing a polyamide comprising
(a) contacting a dinitrile, diamine, water, and optionally a catalyst to form a
reaction mixture;
(b) heating the reaction mixture to a first elevated temperature of between
about 200 to about 220°C, and maintaining said temperature for 0.10 to 10 hours;

15 (c) heating the reaction mixture to a second elevated temperature of between
about 270 to about 300°C; adding water to the reaction mixture before or after the
second elevated temperature is reached; subsequently removing some of the added
water through venting; and maintaining the second elevated temperature for a period
of about 0.10 to about 4 hours;

20 (d) heating the reaction mixture to a third temperature of between about 275 to
about 300°C and maintaining the third temperature, which may be the same or
different from the second elevated temperature, while the reaction pressure is reduced

to atmospheric pressure or less to produce a polyamide.

25

16. A polyamide produced according to the process of claim 15.

21



