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I nvention Process For lysis OF Adiponitrile And Th
Nylon 6,6 Uilizing L @H !&wm,wevel s Technical Field 5 This invention
rel at es WOUU375¥%cess f | ysis of adiponitrile aRel/PPYE8EPi on of

nylon 6,6. Mre specifical19/**the invention relates to the catalytic
hydrol ysis of adiponitrile at |ow catallyst |evels. Background Art @,
Pol yam des are currently producegy, i . from di carboxylic 10

and di am nes. .For exanple, nyl gﬁﬂ%Qg I smgg}r]r%%?ci ally produced from adi pic

aci d and hexanet hyl enpdégt Fer THe 1ydiBlRis Ol REpbeittiikeAadmat eri al s have
been explored within the art. For exanple, the art has taught processes to

produce nyl on 6, 6The ®rodetitiponDf Nyllen /edUnbizapel bwl Emalysaievels U. S. Pat ent
No. 2,24al129 discloses a process to gr_oduc%\kgol yam des by reacting
adi ponitrile, 15 hexanethyl enedi afieapicahbielét er at hi gh tenperatures and

pressures. A nodified process tQ react adiponitrile wth . o
hexanet hyl enedi ani nEMAABRYERIQY T6l2IES AP AcPIoSEss o 'lb?é?%&béﬁﬁ ofadipsngniie g76.

Cat al ysts re introduged,in th rocesses,fo pronote this.reactiqgn as

i scl osecoy Proditibd 8RR 6, AStTeoSee Gl B Ty wion; 39T o, Bk 5.
4,749, 776, o . 362 No. 20 4,501, 881 di scl oses
a pr ocesScatugyﬁg?%@&?gy%élggﬁﬁg?}]@%(}f)go%t?% g%ﬁ'exanet hyl enedi am ne,
adipic acid and water. A significpatkganigyri ng of these before mentioned
processes to produce pol yam des fromadi ponitrile and hexanet hyl enedi am ne
is the production dtolgamiddsi aandurtemtls! productd eothmercially tfremalicgrbaxyléc

diam ne. In the case of hexanethyl enedi am ne, the diner product would 25 be

bi s( H&x arasids anchdigminesyi-Her ¢ , nplont 6 gh commaycisll yRanoshcedifrons adipis 03S
and U. S. Patent. No. 5, &7,257 the diamne dinerization is pronpted by the
hi gh t enpRst t@ﬁe&e"éﬁb‘:tg‘éﬁ%‘g?ﬁ%ﬂ?-eqﬁﬁ?@ét%yo‘f‘ﬁé tsﬂﬁs»e&% %%teg?ﬁeh'@’eabeg‘br med
di am ne dingrs ,or .Lriam nes rve as.,crgsslinkers for the |inear | yam de
chain  TietPioRgghibi LGRS FBF (G mES IR I USGG FagBh oGP Byl
content NaoR @bt aipbfittifAthd Heﬁn%}hﬂegﬁ%nﬂﬁ&d‘ﬂﬁs. if NG 2,245.129

deterioration.’This shortcom ng was par overcone through & two step
process dliselossedai Npidcss Pad enproliace 4.polgafiides Tby fidastingt ealipomiglileed t he
hydrolysis of 5 adiponitrile with water, catalysts and fromO to 10 wei ght
per cdift diexamethylenddimmioyentiywataedt highrtempeeaturesfand pressureactA oodifi¢d
second step consisted of adding.the remaj nder of the hexanethyl egnedi am ne
fol | owed BPcpssl iprisactzadipenitrilsywithshexamethdgnedigming apdowates vasagiselesedvel s

i ough (el SaBRERL SR 1516761 0 CARDF ot Sioduel minR GRS mor e

fully ov t A f 3 t sgl i.N aqkRat ent
o, 4 o 5ERe ORI Bn B dREIoldtO by B PRRESE NGy AR f 2057

the adi pomjeBj10g; t4g7281666,C 4a0iod7 18,1 443618982 st ol 928,360 ). SoTait@tyNo. The
cocatal yst was described as a saturated aliphatic or aromatic 15
di car2foxy4,501R8ild. distlessecandpsicess comsiforrad podlyahedesidifroron adipemitiileast an
hexamethylenediamine, adipic acid and water. A significant shortcoming of these
before mentioned processes to produce polyamides from adiponitrile and
hexamethylenediamine is the production of significant levels of the dimer of the
aliphatic diamine. In the case of hexamethylenediamine, the dimer product would
25  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

dimers or triamines serve as crosslinkers for the linear polyamide chain. The
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equi nol ar anount of diam ne followed by pol ynerization. Thrgggh L@g f this
process, they were able to achieve tam ne | evels between 50 pprn.

A short g@ogssf this process was the substantial anount sp@ﬁm%@hgiﬁst
utilized. The |l evel of the catalyst exenplified ranged fromabout 1 to I.5

wei ght percent based 20 on the adi poni ?ri l e level . For exanple, the patent
teaches the use of 5 grans of orthgpho$phorous aci.d and 1.8 grans of

cal ci um FEsYYRRbgShi Etgnt assbeem ?Or\’@thr]@IagisF% %Bmf@?"brpaﬁgucéf quality
adiponitrile, (see U S. Patent No. 5 &7,257, Exanple 1). D sclosure of

| nvent i of€BEOMfIOh esent i nvention overcones the shortcomings of the

Aok U AL o 2oL BBl 95 pHb i VU R) Br o R b e o
i nventi Oaiser&\égqﬁ%?s.theeﬁtﬁe. Rraeesss . ( _’Fh@ﬁrsf”sfehtenlnlt&}ﬂﬂ_feﬁl t g@dfggk@w by

the addition of the diamne and polynerization) I zi ng el s of
cat al st adipbhtrile lwigiwater, 2RakRts in@ BV 1001 6 Ab8zhPGEHRDYr 2B tal

-3product of the invention has been found to have enhanced nelt stability
when conhexadethyldnedishme peadeoss fes thd redutidmac Kbreowecbral stephcatsisted ldfze
significantly higher |evels of catalysts, (see, for exanple, U S Patent

No. 5, G23ddme)theGreanaisgdercof dhe thezametudencdiamann fdiowed dyvpdymeezagen.ol ysi s

Thi o pr oSHek 3 RSP IRSPHBART REPYAEH MBI & et biiai GLppmolRyess ~
Lyst LR,Eh 0 194300 G, i singlve it h
een 1 outbfehaffer P30 CLB1OTRAG, Thud? tchite oyl (B8] BobPREF,of net™

hydr@d ysps ]g%{;)' AYtLrt he need of the high levels of catalyst required in the
above rrent? eg gackground art. 10 A further aspect of the present

invention conpri seTHifighofeoniing Reasaismdrorfiitlg ovdrcome thysugt ¥ Sfakdet Rwbhe
production of polyam des. This was perfornmed by adding the diamne to the

hydr ol ysatep frot¢ssvtisclpsechuabt)i. SigPatant Wol §.6817i246t | Dire {igu spapi ainagled ofithe
produced pol yafrri des, of the _present invention have been _ found to have
enhancedngily fatldnydrotysis\atthe gdinpanitile doradipic #rd didzangvat satelystkardand 1 S
art | evels qf, cat sts. Thus, the,present invention, pt.ovides an i nproved
process FB?ﬁﬁlryﬁgu?#K% c@&?%ﬁ%dgaﬁoﬁfspgfﬂd’ﬁ 'ﬁesaé‘ff@gf‘é élpt{%ﬁc P& O Ca
dinijgilgq; ph ng: gt 0, o] t Wb h : ol:chi ric
amoubt oI GERSRIY E | Pne LeBRUDNH i of he SR Sroh INBLEN: © s
nol e of tHeinibIaL tahhdimt asTdiatnihB follo®aNbe pofyiatrizdtiun. 0 Thiolgh Usd ofhRs of a
di carboxyl'ic acid cocatal yst per nole of ' the dinitrile at a tenperature

f r om 200prace3f0the¢ weret dlde ab srwhoeveofriamine flevela etweers 600 iand 600 ppm. ah | east

95 nole % of the dinitrile to undergo hydrolysis and form a hydrol %;sate;
(b) addi shorcemug Ak this praecssWas s ahstantiahamounts; ob satehyst whibized.n Thee

O P e R P s M P L bl 9,
the 6 esgicheYaiyBiffile’ Rve Fol%exatigit CinePatbf teaches the use of 5 grams of
orthophosphorous acid and 1.8 grams of calcium hypophosphite catalyst in the
hydrolysis of 487 grams of adiponitrile, (see U.S. Patent No. 5,627,257,
Example 1).
Disclosure of Invention
25 The present invention overcomes the shortcomings of the
background art providing polyamides with low levels of triamine impurities
without the need for substantial amounts of catalysts. The present invention
provides a two step process (i.€., nitrile hydrolysis followed by the addition of the

diamine and polymerization) utilizing low levels of catalysts. The polyamide



pél ynmeri ze; and then (d) recovering pol yam de characterized by |Iow triam ne
content and inproved nelt stability. In one enbodi nent of the process the
dinitrile is selected fromthe group consisting of adiponit r 29 épril 2003

suber oni {yig dogrsszebaconitrile, 1,12-dodecane dinitrile, termg@ég%g trile,
and nethyl glutaronitrile, WO 00/ 37535 29 April 2003 PCT/ US99I 39 -4t he

catalyst is selected fromthe group co_n§i_sti ng of phosphoric acid,

h h id h h Ld, h i id, di
Ry pophos FHPAGSthihd SV RES deen) [RHBGp IR SBHE B Matssdh Tt abeDIEH Bhe
h h hi t | furi id, | f amj i dj bisul fate, '
v ogen eemiized 1o s B irkgeRes o hE A%k ACi ST MRk e BaRy
hydrate. hhg: 1@9@&%%%935%@%@; fof R, B 1sC PARA KoY 9T R2s

7). . .
copper (1 l')ydcetat e nono t cal ci umracetate, acetic’acid, )gl ycolic acid,

l'ant hanum tri f1 uor opyge Q@iraeéttdfftﬁe }@.b,enlﬂﬁﬁ@ﬁﬂ_eﬁﬁﬁ%lké\@&%ﬂrw&fsmﬁﬂh@,

cetyl trinmethyl ammoni um brom de, 12-nvolybdosilicic acid RAydrate and m xtures

theregdf, thfsughoeapeosest whistelisedpdrdteoriowhéewsiowd caabiset i NPhisf paddeghat i c
and 10 aromatic dicarboxylic acids having from2 to 20 carbons and m xtures
t her eof , iamdlvebéhedtiagithe ritrilsghettred docatalyéte and augatalysisins thentgngferature
hexanet hyl enedi am ne, tetranethy| enediam ne, 1,12-dodecane di am ne, and

p- xyl ene rangeriofi@00rociQ} 36). ySurpnisingliiit has beers feundobat this peocesn@revides ne i s

hexanet hyl enedi am ne, .the catalyst is. a mxture of phosphor.au cid apd

ool ol om 1B OTICL KPP GnAL bk iiey Mhboub tGe TieeRooh ahe BER cfeNeling
wherein t C . 1.de | racterized by a BHMI
cont ent o&%&?‘o’%ﬁ{%@ﬁ%%%d@%%éﬁ%?%’%@?@ﬂth_e I nvention One aspect
of the present inveRtfiRiher RPEMET thE Hresesit Vit Honfrides RS ubO LP YR 2 g
process which enploys low |levels of catalysts. This process involves 20
heati ng tfoemedtmitrile, hyhbbsateaic theapaldpstionrsd polgamaleystThis wiepedonaedt ur e

range of 200 to 300 C. Surprisi n(gli/ it has been found that this process
provi des saddingahe diawing ta thenhydrotysateyfollowest By heatinguand pelymessizasiont he

he pr o8 GHITPPIIERY R Prosuet RO FamiHes i (06 AIFRoPt Ry AHg™ b oA 1D8nGA ch
it 1 @GPy e b AR S bopELa 18 dhife bidBfid Wb pblrolial

straijght ghadvalobf bitaRsped, or aromatic. The dinitrile may contain other
functionalities. Speci'fic exanples of dinitriles which may find use within
t he present inventi Thus,neheidpreseR9 ikyerition2GE8vides 0ah INGIOVRLCTHidEe F8p39
-5adiponitrile, suberonitrile, sebaconitrile, 1,12-dodecane dinitrjle

t er epht hapiedueing polynmids coginuisid Hie $1Epe of a(fdl Teding & dini e coptainmgadl v,

e 14 BRI e el P e, SRl B g ot
the pol y%‘%{ﬂoﬁ%bé’ th I.I?ﬁm?dws%tcatalyst per mole of the dinitrile and in the presence
20  of from 0.01 to 0.5 moles of a dicarboxylic acid cocatalyst per mole of the dinitrile at a temperature from
200 to 300 °C in the absence of air for a time sufficient for at least 95 mole % of
the dinitrile to undergo hydrolysis and form a hydrolysate; (b) adding a diamine to
the hydrolysate formed in step (a) wherein the amount of diamine is within 10
mole % of equimolar based on the starting amount of dinitrile; (c) heating the
25  hydrolysate and diamine mixture in the presence of water for a time sufficient to
polymerize; and then (d) recovering polyamide characterized by low triamine
content and improved melt stability. In one embodiment of the process the
dinitrile is selected from the group consisting of adiponitrile, suberonitnle,

sebaconitrile, 1,12-dodecane dinitrile, terephthalonitrile, and methyl glutaronitrile,



5 of water required in the nitrile hydrolysis step should be at |east equal
in stoichiometry to the anount of nitrile to be hydrolyzed. 3%épch2@03 st

conponentw@fyosfigs present invention may include any substangeriygédikips onot es
the hydrolysis of nitrites, and/or the polynerization of the resultant -

hydrol ysate with diamnes to form pol yagi des. The intimate 10 functi onal
details of the catalyst are not fully kidown. These may include catal ysts

i dent i fi edhaicatalystiinselgaleddromtbie greup eersigingreppbesnitaita sede phasdoreps
catal ysts may .i ncl yde ,oxygen-.gont ai ni n hosphor us. coppounds, . .

oxygen- corfC ,mwgpgemwfégﬁr% nB¥OP Qﬁéﬁl%%ﬁga%&}lﬁ‘ EEP?&OSEB%M&C,
net al -containing ¢ ounds ch as,c er _ar-nm al i i C
aronmatic Jaf F?@ﬂgxp%g}dsegtﬂ%@o%qhggpage, C%ﬁﬁ"? ﬁ%ﬁﬁﬁgsp@kec%ﬁ i Ceggl{rzripl es
of cataly el r: i h Cj y

acid, pyr gstﬁjﬁ%gg%o#ﬁg’ g?@é%sé%ﬁ%?n&h%op o@%h!ﬂ? g%gr %‘95?@’ %ﬂBQﬂ?&%ﬂgQﬁé
mangansgse(ddiq %yepa@pﬁ%ag@n{mymmrc?d By dfaté, CLine AERAB RBPMatE  zifib | ulfdte
acid, sulfamc”acid, sodium blsulfate, ammoni um hydrogen” sul fat e,
phosphot urtgsitalnydaste gcbpbr @ acetpeanphotmgdrytedicalcaondchiate adoetic zicnd, glyebht e
dehydrate, zinc sulfate 20 heptahydrate, copper(ll)acetate nonohydrate,
cal ci um acsidt danthenvine trflugrongéthansutfonsted, manganese(ihacetate tetrahydrate,

trifluoromethanesyl fonate, nganese()l)acetate tetrahydrate, .

cetyltri rreqqsgmﬁ@wﬁww P“‘igﬁ,n&%@dgﬁ%‘ et aeRdPHgSed RiXIPSs of
the same and the like. ffective ung, _of cat gl . t.h

hydr ol ysi gtﬂf:gco ,eé%uc%.cﬁéﬂﬁi 1E)rS§Le§Xetd ?ﬂ%n{heoﬁro‘%]goég%ghgi é){a%mgﬂ% g?d
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The cocat ahysHiapfiABOREBlc&bdt FBMPEES Gtbup NYERYitRTY ioTChegRfiethlyldedidmim)d
aromati c di carboxylic acids. The dicarboxylic acids nay contain from2 to
20 car bonstetramediylenediaaing, sl 2-dadacdre diimine, and g-xaylend diaepineh Areterablyg,

but this WO bl 37535 29 April 2003 PCT/US99128239 - Gshould not be |
consi der edtheidinitiilegis ashpenitrdes theediamingis bexamethylsagdianyise, the ¢atalyst &s 2 he
hydrolysis Ls needed in the present jnvention, The effecgtiye anmount of.
Ccatal ysmRHIE GoBRPRSIO B C3A calopin Toppehomiicrbie fPafisdfic &id
condi tizons; : -4 ' I t:al e
from a{goutls%ra?%gggldrr%ﬁ%wé%ééb g@énk%ggg%gc‘g%ﬁg%?sée t@g%rg%b%ﬁ 1gic:}]ﬁ|§{a” e?édaﬂg

Pref erabl ya BHMT ittt oBlew 1100 ppge of about 5 to 20 nole percent of
cocatal yst based on dinitrile. The hydrolysis process involves heating the
nitrile, water, cocatalyst Modksdor @anatynsg Oun tiidinvieatipar at ure range of 200
to 300 C. The reactor design is not critical. The reactor may be a stirred
autocl ave, an unsti r Pag aspeas of shapresentonvemtiarpinvedeesahe hydrelysisafaitples a
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processes may repeated 15 as nany times as desired. The tenperature range
of the proessatialdy 1stengitriley hiybsolydt ewithotiheéhdyided! yBithe ridght lewels Aif
tenperatures below 200 C, the rate of the hydrolysis reaction is generally
t oo | ow t ocatelystmgumiedah ithe alswfeuhentionaddrpkgaoundeart.above 300 C, signifi cant
anounts of byproducts may be forn~ed, The reaction tenperature may repain
constant throughout {hdhequescat dnvemtomonitialecis seapt teipc e\,apye@p_ater%

ti be within th f t .25 to 1 i,g... Th
eact n POy EoRale LBARIenERoR nd ralrstn. U iblsrhieth Sfhiie”
t t t) h-nat . | f
the” hyar of geranyd ftm 2 30 Ratin?, THEURAREIE MG oL ApRAIE sy g br°
process degtfidhed, 8¢ E}cgﬂati@t Fhy Hinfth REnRN e it ofef fih@iddaligies.] lf‘SpééiﬂE

shoul d be Long 25 enou to effectively hydrolyze at | east 95 nol e percent
of the nitexdmplebréf dmitlys which may find use within the present invention include



the tine should be | ong enough to effectively hydrolyze at | east
percent of the nitrite. A further aspect of the present |nvéﬁangﬂ%ggggrlses

the use Qfobi@sas forned nitrite hydrolysate in the produ
pol yam des. Th| s was perforned 29 April 2003 WO 00l 3753?‘%%%?%233128239

"7 by adding the diamne to the hyd§0| ysate foll owed by heating and

pol ynmeri zat.i on. ,Surprisingly the produced._ polya s.of the present
i nvent i onaémwtrb'@ewh%gw glte sma?engng% H%Mrsgﬂr@n&w@é@ tﬁmhtéqlammlesy I'n

e oPrer eyl e agoRid BB RE iR, BHBR plederobf HES ARRITS: ShednidItn o v om
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or aromatic. The dia may contain uncti ona I es

exanpl es ?ydrg 8@[5‘ S¥he Witrifd anB Y fa'&@c%&%?nr% Qxdtllﬂeth@ gy‘%ﬂéntﬂi’@mt TRE ahﬂﬁ:'nk‘de

hexanet hylenedi am ne, tetranet yI ene ecane di am ne, and p

10 xylseneofivadtenaequibal dhameﬂenﬁh@ulh}@ﬂx’@%ls@éj@ﬁﬁ) &hoald éelat Ofeayy khuﬂ 0 nole
percent of equinolar based on the nitrite. The exact level will

det er mi nestolthidhetrytn thetnaounteifghtrildeés beeg/dreliyeed.eact or  desi gn, I osses of
the nitrite during the hﬁﬂ}r,ol ysis process, |osses of diamne during the
pol yneri zati on procE & cardyst eompeent 168 thenpresenbvanies may Weludedany wit h
t he diamn
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or may be ferent e reactor may be a stirred aut an uns |rred

aut ocl aveideatifietl uvithihetet ick geodndoart edover Rqaﬁe@anatﬁ@@@la:srses @f dahdysdts ke.
The process is generally rvn in the absence of air. The air may be renoved

by any knoway ipclodesxyg&xaopiassng mdiosgbopisr gimppurids, peygeroconiaimng heron
gases, such as‘&(}tro gen 25 or arg oq evacuatipng the reactor and filling it
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pol ymeri zati on process may be in the range of 0 to 1 or may be
per f or medmanganesedé)ypoplidsphite essnokydme, mlmomshmphdsprQhsmltfumchecnd,

pol yner i zat| on process or may be varied. Cenerally essure wll Dbe
reduced deifagict el pépgim.bzale.@ﬁ, 5’1“66‘85“&"“1*5@%5@}/&@&?%&?‘6% PHEBSHC wi | |

f f h
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pol yam des, the polynerization should be 10 conducted w thin specif

t enper at ucayhhaﬁﬁw}emaimm broheids pEZ-inhiélybiesibieicacid hydraee,smu)aumsodf the will
general | y depend on the specific reactants used and the product desjred. In

Ei he presefame wégbtdrk% An fﬁf@tm pavount off @sm}wapy}@r@t@taﬁhe Hexdapkysisyis ene
ilnglmugg @%@&ﬁ@l € Tresedt imyetion. > e bios tm?ge%n%wﬁﬁ Hicvibeeiguhons’ 200
£ i <88 ng e catnRt aﬁ%eri&acéﬂm ACYERP L B SRR S BRRBIER o
be consi d@ét‘%ﬁ's't biRed dtfone mole of dinitrile.

The cocatalyst component of the present invention includes aliphatic
and aromatic dicarboxylic acids. The dicarboxylic acids may contain from 2 to 20

carbons. Specific examples include adipic acid and terephthalic acid, but this



In the follow ng Exanples adiponitrile hydrolysis |evel and, g@gy%@ wer e
determ ned by high pressure |iquid chromatography (HPLC) analysis. 20

Rel at i vVWOW0SEBSi ty (RV) of the pol yner sanpl es was det er rRGI&dS9928239 8. 4

wei ght 2S percent polynmer solution in 90.0 %form c acid. Polyam de end
group anal ysis was determned by titragion. And, bis(hexanethylene)triam ne
(BHMI) | I h j.ne as r oqr ) ;1.aNn hS.;0f. t he
bol yan dBoRgaPEf V& pEhaaReZmiing™S At TS, BBkt 57 (R eThEsle.
Exanpl e td 6 YR 'qgi Bedd fl iR rederiGnOCnoR® bant QP
grans), pp ospe{?oro S %@%ﬁ 8 75 gr ams;)Qr,e anancg?tgﬁs um ?/Sg% gg%li‘lnt g;;}t( 0. 027

grams), coestaRdeediiidepand ohithe€tositalyt egke, Hiyerllysitpesdedy eonditibA9Fhd the
tenperature. "The autoclave was pressurized to 60 psig with nitrogen and

t hen t hdiker eFypicallyather levelsédhe Tocatalys? SmAp riahg® Gidn Sabdbt A0t 383 mole
PCT/ US99/ 28239 -9operation was repeated for a total of 6 times. Wth
stirbi ngpereemé odinocetadyst based ionadistirie Preferablyf this faldhmathingho vange ofs peak

t f 635 ' d. . .Durj th f thi
operat| GHONhS (b RHaToleeSFeUIe) Redldlisd Do on ¥ Bleobser ved al the end.
Af t 2 h t 0 t he.aut ocl |l to |t
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10 10D reagor,fa mbetrbadtot,elavpt renctar andsthedikedeThe pestesRepgernerally aguirt s
represent the average of two determ nations. Exanple 1. A m xture of

adi poni tthe labsgrisooDairgr The jair meyebe rem®ved by ang)knowsm poogshes fhemples aci d
(0.075 grans), cal ci um hypophqsphite (0.027 grang), and adipic acid (22.50
gr ans) URSIde FuaEing e TeAQtpR I HEH) B35S 5P AL TNEIERVRE HEOR GIHEUAting

or cosur dhbgeralary BT KEw B RRHG: FRRsiaRd aEithelts B pgEReg s "
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at 230 Gs rhhgy anicdCdsod@ingds Fhé WMm&%hﬁé@frtn@@ém% dewerfinedsy
contents of the autoclave were anal yzed by HPLC with the results shown

above i nth&aiesofithe Bxyalrplysis2reagtion.x tAlr emyperatirgobeliomi 260 LTS thetite phith) |
e o e 00 g )il UL POPRESP
stainl esigm?)texea%reasluztﬂ?&vleagso @b rs?gon%cant amounts of byproducts may be formed.
The reaction temperature may remain constant throughout the course of the
20 reaction or may be varied. The reaction pressure may be within the range of about
25 to 1,000 psig. The reaction pressure may be controlled by the amount of water
added, the temperature, the 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 level and the like. The time should be long
25  enough to effectively hydrolyze at least 95 mole percent of the nitrile. Preferably,
the time should be long enough to effectively hydrolyze at least 98 mole percent of
the nitrile.
A further aspect of the present invention comprises the use of the as

formed nitrile hydrolysate in the production of polyamides. This was performed
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was pressurized to 60 psig with nitrogen and the pressure P

r el easedwglfaissssgperati on was repeated for a total of 6 tingRg gwjg%”
stirring, the autoclave was heated to 270 C. After achi evi ng 2 a peak
aut ogenous pressure of 590 psig was observed. After 2 hours at 270 C, the S
autocl ave was allowed to cool to roomteéenperature. The contents of the

aut ocl avBY wédwgahs|djemmentp thelhadipkysateHellowsd by heatong aad delymerizatisme 1.

tueof adi,ponitrile 00. 00 rams ter 8 rans
hosphor SHETiRAELY (B BS‘U"’QFQ yanalalr—e P PEOSREuEtion (e feer Tayeg 6 ane)
adipic 1 c dto a 400 cc stalnless steel shaker
tubg at 8%‘2%% gnﬁpérﬁg?%p W@ﬂ ube was pressurized to 60 psig with

nitrogen and the p el T, r ted
for a total of 6 t?rﬁg}z&bﬁs\ﬁﬂiakl n'h dﬁﬁg shgk@rfﬁ?ﬁgcg]%gaﬁgg?srg%fegﬁ%o C
Afterss Wlﬁw@brp?o?@te@iwbQ%lﬁ@%ﬁtldﬂéb@ﬂéﬁﬁal@l | theediahfin€ 9dll coftai® Hfom
tenperature. The contents of the shaker 15 tube were analyzed by HPLC with
the result® 3G@arbdml oWhe didiableentay Balklliphati®y swaight chain or branched, or

Anal ysi s. 5- CyanoAdi pam ¢ S- CyanoAdi pi cVal eri cExanpl eAdi panm deAci d

Val er ami deomsatfAc iThevdiaming may ogntain othgy (functiogalittes. ofpeoficaxamples of
0.97.20.7433.132.3.0,26. 3ND514. 826. 4 0..110.,10. 2615. S25..8 0. 39. 90‘5
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gr ans ahd a pIC acid grans) was added to a 400 cc s

st eel sh@keer uimbl%réﬁasé@clm the armte.at The exibe |elehkelll bebaetonninedebp uhtzed to
60 psig vmth nitrogen and the pressure was then released. This operation
was repeatdeciflar weightt desiofd, 6thei rastordesigahdassag, off tiee shaker dunme thas

heat ed tg 230 C. After 8 hourgs at 230 C, the shaker tube was allowed to
cool to hydrlysspercess Wssesnel dinmiastduring the pebmaetizalionereseshang Abe by
HPLC V\A"[Fl r:he results shown above in Table 2. 10 Exanple 5. A m xture of

adi poni t e ( 100.00 grams) water ( 166.60 grams), phosphorous acid
{0.0p9 grams), cal gyhjgp B&H ﬁe{aﬁdQ&’%Yi% Hiarfiing, aﬁké}hgneéfaf%é 15.00
grans) was added to a 4 cc s | ess ste er t ube at

t enper at gibstarldes rﬁé}akﬂludeukbﬁtey\@atﬂhﬁéx%ubb%ﬁkﬂ&n@ﬁ dasdlgsted prlocedsingogids and
the 15 pressure was then rel eased. This operation was repeated for a total
of 6 ti masd the like.
The polymerization process involves heating the nitrile hydrolysate,
diamine, and water in the temperature range of 200 to 350 °C. The reactor design
20 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
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
25 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
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.



Wth shaking, the shaker tube was heated to 250 C. After 3 hours _at 250 C,

t he shaker tube was allowed to cool to roomtenperature. The9duntefPd of

t he shalé&Q 0w/3TB¥ were anal yzed by HPLC with the results shuawugdIe8z9i n Tabl e
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Sul fam c_aci d270. 134 Zinc acetate di hydrate280.175 Zinc sul fate

hept ahy diisishing inOtteotegmsgature anage cof4abawt dffcto AhBI°¢si Jhis should not be
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signifires that the material was not detected. Reported results represent
t he averpayeentf pelymedsobutinmin i%h8.% formic acid. Polyamide end group ana?ysis
was determined by titration. And, bis(hexamethylene)triamine (BHMT) levels
were determined by gas chromatography (GC) analysis of the polyamide
hydrolysate, all as generally known in the art.
25 Comparative Example C1
‘ A mixture of adiponitrile (150.00 grams), water (125.00 grams),
phosphorous acid (0.075 grams), and calcium hypophosphite (0.027 grams), was

added to a 1 liter stainless steel autoclave at room temperature. The autoclave was

pressurized to 60 psig with nitrogen and then the pressure was released. This
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adi poni N 00 grans), water (33.26 grans), phosphor
grans), cal ci um hypophosphite (0.1 ~ grans}, and adipic acid {6.00 gramns)
was added to a 300 cc stainless steel -8 ocl ave. The autocl ave S was

pressuri zg@rdtion3 GRsPepgatéidt forni tétaben @nghekhewitherfims stecmedavelveased.
Thi s operation was repeated for a total of 3 tines. The autocl ave was

pressuri 2edtedato30M S A faert schieving §é0 °ha peakrmutdgenpne psesserarafo¥epsed down
to 40 psig nitrogen and heated to 230 Cwth stirring. After 6 hours at 230
C, the awascobsgsveths Daringnihe eavrseoof this opewiondhe eressuresiomy reducsd We was

opened and .10 .hexanet hyl epedi gm r e, . (68. 46 f a 69.76 wei ght percent
D ueous. HBIRRE IRpRaREd, 2ine EndoA RS o ORI, B EUiRR BES s Apwed
reseaked., The, aut ocl ave wa ressurized t 00 prig . wth nitrogen t hen
he pPes $a8ohgb i HGehPully PR EORERs: (TS Sy Bslledht b My 2y A 5
times. T | : L i [ hen t he
pr essur e Hiaatre BhBiEC R ROERRH] (BPEC) Rt o A b ERARNTABK £ v
was heated to 270 C wth the vent setr,fje £00 psig. After achieving 270 C,
the pressure was reduced down to atnospheric pressure over 20 m nutes. The

pol ymeri zation was finished at atRredpetedn@ypsessure at 270 C for 20 ninutes
and then the autoclave was allowed to cool to room tenperatureCylh¢

resul ting product was anal yzed 4.or rel at} vi scosiity,. (RV), end groups
and bi s(hexamet hyl ene)tri am né*¢BRINS | eéigﬁ'am’t h tﬁéiyl?‘@sul ts \2336% bel ow i n
Tabl e S. EXbmppe oducAdipanideen Acillj ect ed Valeeamiglet Atcibility tAdd. This nelt
stability test was for med fohl ows.,  The \produ dried.,aj 80 C
overnight in a vacu g)\;jen (E‘SN'—L (%g i nch st' I@), W t’%ﬁl i ght wrli'i {°r)ogen

pur ge. FQle gr ans ol375 the pr2t§dhct was th8n nelted®hith sti r1r6i-3hg for 10

m nutes at 285 Cun?zr a nitrogen at rmsggg){e. The r6e%ulting erial was
allowed to cool to '9mterrpe ture, isol'dated, and analyzed f rel ative

viscosity (RV). The sults ar unmari z beiowirsg'able 6. 29 Apri l
2003 WO 001 37535 PC%?'%J899128 9§ B ) ND

“ND” signifies that the material was not detected.
10 Reported results represent the average of two determinations.
Example 1.

A mixture of adiponitrile (150.00 grams), water (125.00 grams),
phosphorous acid (0.075 grams), calcium hypophosphite (0.027 grams), and adipic
acid (22.50 grams) was added to a 1 liter stainless steel autoclave at room

15 temperature. The autoclave was pressurized to 60 psig with nitrogen and the
pressure was then released. This operation was repeated for a total of 6 times.
With stirring, the autoclave was heated to 270 °C. After achieving 270 °C, a peak
autogenous pressure of 621 psig was observed. After 2 hours at 270 °C, the
autoclave was allowed to cool to room temperature. The contents of the autoclave

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

Example 2.

A mixture of adiponitrile (150.00 grams), water (125.00 grams),

phosphorous acid (0.075 grams), calcium hypophosphite (0.027 grams), and adipic

acid (22.50 grams) was added to a 1 liter stainless steel autoclave at room



-16Table S. Polymer Anal ytical Results. End G oup Analysis anpl.e Am ne
Acid BHMI (noles/mllion (noles/milion (ppm 5 grans grarrsE%go‘f‘nBﬂ]E%g

- pol ymer )wG304%5328, 86 30 47 29 54 38 39 249 Table 6. Mt pSiabdrg2¥o
Results. Exanple Oiginal RV Melt-Treated RV C3 49 104 29 54 45 Exanpl e 29.
10 15 A m xture of adi ponltrlle (40.00ygrans), water (33.26 grans),

phosphorous acid (0,0205 cal ci um hypophgsphi te. (0.0075 and
adi pi ¢ aéFWPE@% gr ‘%&gvﬁd\ﬂéﬁ Hrg,ssgn@g Egt 1% %Y "s'frégF" aqnﬁ Qve.
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pressure was ven ni trogen and
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t enper at ur e. The aut ocl ave was opened and hexanet hyl enedi am ne (68’ 46 grans
of a 69. dutoetaghtvapatioert teqeebtsrdum acmpennare dl' et ortesil afttheautodavadded.
The autocl ave was reseal ed. The autocl ave was pressurized to 300 psig with
ni t r ogen wer¢ anabyzed vy PPEEswith thearesuls shewd.abpiviedn dpbleati on was repeat ed
for a total of 3 tines. The autocl ave wa} 29 April 2003 WO 00l 37535

PCT/ US99/ 28239 17 _ pressurized to TB € vmth nitrogen and then the

Peaed to 570 € ur o PidRelrhalipnt®h bidh Lkl Yo B0 25675, e
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The resulting product wds anal yzed for relative viscosity, (RV), end groups

and bi s( hempoedtime, effhptshakes ndbe( BabPressaviebd wot 60 phig wethuhitgehoand aleve in
Tabl e ~. The product was then subjected to a nelt stability test as
descri bedressusponas then relnaged.atThie cr}xaamre“@@ repeatedt fios a tadall oF Gstimmsr i zed
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C Wi 18 StrybE Wide ahhly9Ed By 'HPL@ viith flresultd H%@H%@Fd\@YﬁT%Fe 2l | owed to cool
to room tenperature: The autocl ave was opened and a small sanple of the

hydrol ysate was anal yzed by HPLC andt Qllé to contain 11 8 wei ght percent
adi pam de, 61.3 weight percent adip a acid, no detectable anount of
S-cyanoval er ani de, 26.9 wei ght pdiregnet éﬂ? pPE- aci d,

5-Cyano
Adipamic  5-Cyano Adipic Valeric
Example Adipamide Acid Valeramide Acid Acid
(wt. %) (wt. %) (wt. %) (wt. %) (wt. %)
3 30.1 33.0 0.9 7.2 0.7
4 33.1 32.3 0.2 6.3 ND
5 14.8 26.4 0.1 10.1 0.2
6 15.5 25.8 0.3 9.9 0.2

“ND” signifies that the materials was not detected.

Reported results represent the average of two determinations.



and no detectabl e anmount of 5 -cyanoval eric acid. Hexamnethyl enedi am ne,
{3,383 grans of a 81.98 wei ght percent agueous hexanet hyl enedi 03

sol uti onyg ggRss;@dded to the autoclave. The autoclave was pesiRloEss3d NE
autocl ave was flushed with nit. ogee. Wth stirring, the autoclave was
heated to 275 Cwith the vent set 25 at,250 psig. After achieving 275 C,
the pressure was reduced down to atnnégﬂéric pressure over one hour. The
pol ymeri zati on was finished at at nDEWPk‘c“pressure at 275 C for 30 m nutes
and then the autoclave was allowed to.copl to roomtenperature. The

resul ting product vés"%%‘l’?zcgjd aée}ﬂfp"f'%ﬁ 1@9-%\%35‘5}’el‘”a"t‘¢rvéggi%gc85%"@%),(R\/)
of 60, 50 ,wles/mlli ns I r amine end, . 37535 29 ril 2003
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and a bis gq}dﬂ )LEL an B l.evgl: p { t

descri bedégggleen%*aﬁgﬁe 5% ?ldghlgﬁ\}énﬂ\@r? ﬁgtﬁélgpéég?iqgﬁ‘n%ggembg%t 1885

par ti gul aehipératute. SThE! haker AR Rk Preskuriyell thheo ipold AMINYitedSn Bndiiige Ot
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2003 -19CL, AIM5 1. A process fox producing gg%am’ de conprising the steps
af -. a) rW®att shaking, dheshaker dulbo masi heategd © 2 . cAftbof haosmt 230K Catthd east

ab stoicq_i onetrijc am)th of water_in the presence of from0.08 to_ 1.33
tnmol es ofhakar dpbetwisepllgped ©r ceal do draom tempsiiures t hbe prasdents eofofthe-r nn
0,01 to O. |ts of a.dicarb | ac .aci.d cocatal yst per nole of, said
dini e dptRve Sedep ety BIRLA G RESESER SRR BRI ISR 2T for a
tinme gufficient for at least 95 m)lgxg@ ffsthe dinitrile to undergo 10
hydrolysis and forma hydm ysate; by a HI ng' a diarninc to said hydrol ysate
formed in step (a) whgngiube tdTeadipBHittilo (100801 gﬁ_m@, W4tBt 1146.60bandg, of
eqtunol ar based on the stazting anmount of dinittile; c) heating the
hydr ol ysapleosphdrowdiazid (€050 gtams), calcithe hypephosphief(OvEltsegrang), add adipid me
sufficie_~nt to (ﬁgl ymerize; and then 4% recovering pol yam de characterized
by | ow t racidi (18- Wograms) was added doed ccsttaipiasstsieel2shakeprivbesd wobmcl ai m
1 whereip said dinitzile s selected fromthe group.consisting of
2d! —pont ieRTRETa el bR SakFe fueon s duPEZed to 40 Riis Sadn s aeikn #ad dhe 20
terepht h NLL LI n I Ayt il e) L d4C | yS& i | ect ed
A 3%1%8%\}53 W th%{\qrcg@aépé’. Bl c%ﬁ:?@fl%ri |‘J'a"3% rpeingé%ﬁi o&%k)@t@} (ﬁ’? 6 fintes!

fromthe consrstin phosphori

hYDODhaSpm{HJH%%th BHAIRRABO RIS Ifeat&d tb 25@8CUMA REPORARE ik tZSOlelﬁrtﬁé e,

manganese( |l r) hyp osphite nonohydraoa) cal ci um hypophosphite, sulfuric

aci d, sul §lmkiee éta was siiovedtbdicsol fatc@maemperature. Yk ogrtensyibf eieeshaker
phosphot ungstic acid hydrate, phosphornolybdic acid hydrate, zinc acetate
dehydr at etubgiweresonlyzed by dPtlabitlathe resuppshewnabeveire Tableabydrate) cal ci um
acetate, acetic acid) glycolic acid_ | ani hanum tri f | uor onet hanesul f onat e,
manganese( | nacet ate tetrahydrate, CEI‘W‘P G get hyl ant noni uum br omi dr e)

12nolypdosi i ci ¢ aci,d rat Xt yr h , i al yst \i's
sel ected 30 fromt hé Ep%@ﬁgcogngﬁlgp f‘ﬁg‘)f%;t1§§1°§h§h?‘§;)ar@ﬁseo@§§ﬁoc g¥ ams),
di car boxyyy ' (g5 D lite PR a o 20
car bons e%%&%ﬁgtﬁ%e%?qlwe?geo% agdc%ﬁihﬁgpgﬁcﬂ’gﬁ ne |§%2;é§)ég?t]%38®rl%m t he
group congdigt (15 gftarhexaastdddednedhagdnec tainlessastedinghakiee dubsi si€sobm
12- dodecane di a~ni ne, and p-xyl ene di am ne.
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.
25  With shaking, the shaker tube was heated to 250 °C. 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 the results shown above in Table 2.



3. A process of CQaim1l whercin sand dinitrile is adiponi tr?é%ﬂ_‘?%&
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characterized by a BHMI content of belgw.1, 000 ppm AMENDED SHEET
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C2 None

7 0.025 Phosphorous acid, and 0.009 Calcium hypophosphite
8 0.005 Phosphorous acid, and 0.002 Calcium hypophosphite
9 0.050 Phosphorous acid

10 0.104 Calcium hypophosphite

11 0.070 Ammonium Hydrogensulfate

12 0.107 Calcium acetate monohydrate

13 0.061 Calcium carbonate

14 0.050 Cetyltrimethylammonium bromide

15 0.111 Copper(Il)acetate monohydrate

16 0.046 Glycolic acid

17 0.081 Hypophosphorous acid

18 0.149 Manganese(I)acetate tetrahydrate

19 0.124 Manganese(I)hypophosphite monohydrate
20 0.10 Lanthanum trifluoromethanesulfonate

2] 0.070 Phosphoric acid

22 0.114 2-(2'-pynidyl)ethylphosphonic acid

23 0.109 Pyrophosphoric acid

24 0.050 Sodium bisulfite

25 0.054 Sodium hypophosphite hydrate

26 0.059 Sulfamic acid

27 0.134 Zinc acetate dihydrate

28 0.175 Zinc sulfate heptahydrate
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h& ()- 152"10% h&' ()- Mb$$?988RJEDCIIME #) - $100& ()-L3"109%& ()- sl
1008 ()-  10%&: ()- 3" 10%: () - @ SBkiucl AFRGssS10%: () -

3" 1098 ()-", s$100& ()-4 3"10%& () - F" 10%&' () - s10%& () -

(*n*+, *, 0, dEDCS10%&. ()- 3109& ()-2$10%&' ()- *3"10%&' ()-s)$109LYano

1 3"10%. ()-M, , ----- ;- _=LhSI AUPHE () 5Oy TS ANip@10%0 &Valerid0 10 10°9
Example Adipamide  Acid Valeramide Acid Acid
(wt. %) (wt. %) (wt. %) (wt. %) (wt. %)
C2 30.1 32,6 1.2 7.5 ND
7 22.5 333 1.2 9.1 ND
8 25.9 32.6 0.6 8.3 ND
9 28.7 31.8 1.1 7.6 ND
10 25.6 32.7 0.4 8.1 ND
11 202 330 1.0 7.5 ND
12 33.1 32.2 0.6 6.8 ND
13 28.2 32.2 1.1 7.6 ND
14 28.8 31.9 0.6 7.5 ND
15 28.3 329 0.7 7.8 ND
16 25.9 325 0.6 8.12 ND
17 21.0 23.7 0.6 53 ND
18 345 30.2 0.6 6.6 ND
19 274 32.7 0.9 7.9 ND
20 28.3 323 0.6 7.6 ND
21 345 30.3 0.9 6.6 ND
22 329 284 0.5 6.5 0.6
23 38.3 30.5 0.9 5.8 ND
24 30.7 28.6 0.4 6.6 1.5
25 29.2 28.3- 1.0 6.6 0.5
26 28.7 28.9 0.5 7.0 ND
27 33.2 28.0 0.8 5.9 ND
28 32.2 26.8 0.4 5.9 ND

“ND” signifies that the material was not detected.

Reported results represent the average of two determinations.
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5 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 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
10  hexamethylenediamine, (68.46 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
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
15 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 atmospheric
pressure over 20 minutes. The polymerization was finished at atmospheric
pressure at 270 °C for 20 minutes and then the autoclave was allowed to cool to
room temperature. The resulting product was analyzed for relative viscosity, (RV),
20 end groups and bis(hexamethylene)triamine (BHMT) level with the results shown
below in Table 5.
The product was then subjected to a melt stability test. This melt
stability test was performed as follows. The product was dried at 80 °C overnight
In a vacuum oven, (p = 20 inches Hg), with a slight nitrogen purge. Five grams of
25 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 6.
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polymer) polymer)
C3 49 28, 86 30 47
29 54 38 39 249
Table 6.
5 Melt Stability Results.
Example Original RV Melt-Treated RV
C3 49 104
29 54 45
Example 29.

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

phosphorous actd (0.0205 grams), calcium hypophosphite (0.0075 grams), and

10 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
pressurized to 300 psig with nitrogen and then the pressure was vented to 10 psig
nitrogen and heated to 230 °C with stirring. After 6 hours at 230 °C, the autoclave

15 was allowed to cool to room temperature. The autoclave was opened and
hexamethylenediamine (68.46 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

released. This operation was repeated for a total of 3 times. The autoclave was
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10 above for Comparative Example C3, with the results summarized above in
Table 6.
Example 30.
A mixture of adiponitrile (2353 grams), water (1958 grams),
phosphorous acid (1.21 grams), calcium hypophosphite (0.44 grams), and adipic
15 acid (353 grams) was added to a 35 gallon stainless steel autoclave. The autoclave
was flushed with 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 a small sample of the hydrolysate was analyzed by HPLC and
found to contain 11.8 weight percent adipamide, 61.3 weight percent adipamic
20  acid, no detectable amount of 5-cyanovaleramide, 26.9 weight percent adipic acid,
and no detectable amount of 5 -cyanovaleric acid. Hexamethylenediamine, (3,383
grams of a 81.98 weight percent aqueous hexamethylenediamine solution), was
added to the autoclave. The autoclave was resealed. The autoclave was flushed
with nitrogen. With stirring, the autoclave was heated to 275 °C with the vent set
25 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 at 275 °C for 30 minutes and then the autoclave was allowed

to cool to room temperature. The resulting product was analyzed and found to

have a relative viscosity (RV) of 60, 50 moles/million grams polymer amine end
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10 hydrolysis and form a hyd.tolysate;
b) adding a diamine to said hydrolysate formed in step (a) wherein the

amount of diamipne is within 10 mole % of equimolar based on the
starting amount of dinitrile; _
c) heating the hydrolysate and diamine mixture in the presence of water for
15 a time sufficient to polymerize; and then
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,
20 terephthalonitrile, and methyl glutaronitrile, said catalyst is selected from the
group consisting of phosphoric acid, phosphorous acid, hypophosphorous
acid,  pyrophosphoric  acid, sodium  hypophosphite  hydrate,
manganese(I[)hypophosphite monohydrate, calcium hypophosphite, sulfuric
acid, sulfamic acid, sodium bisulfate, ammonium hydrogen sulfate,
25 phosphotungstic acid hydrate, phosphomolybdic acid hydrate, zinc acetate
dihydrate, zinc sulfate heptahydrate, copper(l)acetate monohydrate, calcium
acetate, acetic acid, glycolic acid, lanthanum trifluoromethanesulfonate,
manganese(IT)acetate tetrahydrate, cetyltimethylammonium bromide, 12-
molybdosilicic acid hydrate and mixtures thereof, said cocatalyst is selected
30 from the group consisting of aliphatic and aromatic dicarboxylic acids having
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