;e3epa~\\]$" @ 6aTpaS] QAD 001 37536 2 May 2003 PCT/ US99128240 . '1 . Tale
of Invention Process For The Hydrolysis O Adiponitirile And The Producti on
-Of Nyl on 6,6 Using Dicarboxylic Acids As The Sol e Catal yst TecBMaya?008i el d
5 10 15 2Wwa2&m/3¥kdss i nvention relates to a process for the hgUUSPYER24D Of
adi ponitrile and production of nylon 6,6, Mre specifically, the invention
relates to the catal ytic hydrol ysis of é&i‘poni trile under autogenous

condi tions using a dicarboxylic atitit &BInveatis®l e catal yst fol |l owed by
addition of a diamne to the hydrol ysate to produce pol yam de. Background
Art Pol yam des are curkrentdsyFgrOoudegdrad ysrséxcAdipbyitfitcoAndi car boxyl i ¢ aci ds
and di am nes. For exanple, nylon 6,6 is comercially produced from adipic
aci d and hedaedtraguamsdPaMen 64 Uemgddisarsuplis Agds RssharnelsrGatrlyshave
‘been explored within the art. For ,gexgngclaﬁ .the art has taught processes to
produce nylon b, 6 from adi ponitril€R Eiel t hyl enedi ami ne. U.S. Patent

o2 208" 120" o S5Lge i BURLORRES by SEERUE T RGN
pressures A @%@hét‘i&? J AGRRS,60 Mt s?&!iﬂ@é‘lﬂ},r {He€ iMdenlfion relates_to_the

hexamet hyl enedi am ne and ter was disclosed i'n U S. Patent No. 3,847, 876.
Cat al yst s cuRrid NydeeeRd ditMipHietdleoaaRReS ahhphendt Eonditidng easiigon as

di scl osed by ‘U S. Patent Nos. 4,490, 521; 4,542,205; 4,603, 192; 4,725, 666;
4, 749, 776hohr¥36/1i898;1d aasdthg, 318, GlodlystUdblovRat bptadditiont, 04 dB@hinedics thoses a
process to form pol yam ides fromadi ponitrile, hexanethyl enedi am ne, adipic
aci d and Widelysafe & gredecepakyashédet comi ng of these before nentioned
processes to produce pol yam des from adi ponjtrile and hexanet hyl enedi am ne
is thE production of significant B¢ E@‘@‘ﬂ‘é‘ﬁe dimer of the aliphatic

di am . h f h hyl i.am h N dug l,d b
e eyt ences PoBhrBeC s Y S pRT B G Ly BB Bt B3
and U.S. Eé‘itdQ%dN‘?amﬁve%ﬂ*‘o?%%aﬁﬁfe,‘i’lzﬂm 88 i¥icBRIh&aldl g%xggu@érﬁﬁeh%ipycot he

hi gh tenperatures an ressures reéquired by the proc ese as r med

di am ne acid2aiheR&SthWenedlad(ind6s REEMARO IR RL40 thdsdliniiESalarhdviel BEBIES
serve as crosslinkers for the linear polyam de chain. The resultant gel

cont ent heasploesh widumdhe airl. eddbrt exasnplnj the artt hpr caght proedssty to produce
deterioration. This shortcom ng vvas'\ggrti ally overconme through a two step
procekys 5nylosich,6sdwm nadipgnitplg eprd Nocxametbylepgdiampe fi Fsh- stadpnt nVel ved

t he hyd i f adi itril ith , t al.yst d f 0t 0
wel ght - of 2008 10t A SHBRR R (HOFEMelh AT HEenRERBTISGY DY HEoPUAE AdhEnFHE
d st Lsteg.af add ' t hyl enadi am
ol loned BoraBrEEaating A aleh % Rl REaBlol R NELAREL Y, HaBMAM ne
llevel s i nptdi@sdRDrdaRt 23pOnRATR LetehsxahiethPlehb@iahlife dnd20atkP whe Risdofim

| evel s found through the teachi ngs of other background art. This

short conm g Uh8s Pateme Nl B P43 8F6c aiztdthsto ugtreaintrordubed 1hteotist progqesasess
disclosed in U S. Patent No. 5,627,257. The first step consisted of the
near 130 f uptorhgtgr Bliy geactsn enedizelpgrshbyr Uie Pateadilos %&9@,5&1; 14,24h40%

catal yst an .5 talyst., The cocat St s, descyj bed as _a saturated
al i phatic T a P8 ~Sep S - the
| phat | cA0I e D E A T At b fhcinh dotiSep  ComaPaiead P ¢ b
addi tion gof..atoJ.east_an _equi mol ar amyunt . of di aym ne,fol l.owed s

ol yrer 1 240 RIS et opritess "IPockR “pREMTAS KBRS adthanirilee
triam ne ; hgr & ] i r was
the subst heranthyRRAREmIN, MBHE Sap NP hS R GERASHH SorfeonplliBER Vet
exenpl i fi peforanaRetibhedn phdtset O produtei PolyapedesnfroRasadipemitiifee and

adi ponitrile level. For exanple, the patent teaches the use of 5 grans of
or t hdthosptvametbylroediaande 1s &hegperimcodn adl gnifichypybissphilteedimadradfy dte i n
t he hydrol ysis of 487 grams of adiponitrile, (see U.S. Patent No.

5, Q27, 257aliEhatispdiamine. - bothoi ease f hesawpethylenadiaroime, teediprerquaductinyentd on
OV T OB L Bt hyleneyirigmine (BHMT). As taught in U.S. Patent No. 4,739,035
and U.S. Patent No. 5,627,257 the diamine dimerization is promoted by the high

temperatures and pressures required by the processes. These as formed diamine
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background art providi nggpol yam des with |ow | evel s 3f triamne inpurities
w t hout the need for addgd catal ysts. The present inVention pﬁﬂﬁ%?ﬁ@ a two
step process (i.e., nitrile hydrolysis foll owed by the addition %e

di ami ne ¥Ad0/37536 May 2003 WO 001 37536 -3 PCTI US99128240 polREHéaso%ad2tbn)
utilizing a dicarboxylic acid as the sqole catalyst. The pol yam de product
of the invention has been found to have 1owered trianine | evels when
conpared to single step processes which utilize dicarboxylic acids as the

sol e cat aliysts of GG s€@x@MY eroddifker®afor tNe. lifeOpoBRimide TIMIMY EBlgNT
invention has S further been found to avoid the shortcom ngs of the art

whi ch i naesyanatgd somgenf ilcantbcanoimird o6 rddi to onighiftamal pidact (@edty f or
exanple U S. Pat. No. 5,627,257). In addition to avoiding the use of said
addi t i onaletesmraligst s, the asforned pol yam de product has been surprisingly

found to have greater. It stability. 10 One aspect of the present
i nvention invol ves ﬁ?\%gﬁva?@in%ﬁ wagpagially eucqmenthgpesh BARQIStYP BEICESS as

th | | yist .. Thi ' heat | th itrit , d
i car Byl Vi CuCheREeR A Er B Y aTpe Tk 28 1 odtl M maliBlisofigly
di car Boxy Pt _ b3t sPhg|
hydr ol ysi R TGt e WAS o TRRohn Teuh & o ada 1Y eRE AR, el 1S

requi r ed HeRahbghydRdeaiRRt heded Pac ke oedion! t . THe fseedbhersidseegiisteli she
present invention conprises the use of the as forned nitrile hydrolysate in

t he produddingnthef renediyided dé€she Heixamadsylaerdianived folowddi g pblymeatizatione to
the hydrolysate followed by heating and pol ynerization. Surprisingly the

pr oduced Syohyaatwadesteropradess previdad triameng levelhanshbddd foolheD ppm&\mwe | ow
| evel s of the above, nenti oneg triam n? i mpurities. The as-formed pol yam de
prodd€t s VieEre ter di0 keeh0dlr ppisileitly tPBuddthroughytheyteashesnef tother
stabili ti(, than those produced through the teachings of the art. Thus, the
pr esent 'ﬁ{"/}égff)fjﬁﬂabtrovi des an inproved process for produci ng pol yam de

conprising the st eﬁ%iffshoﬁéoﬁn)in%ﬁﬁ fofe FuflNbddik ﬁlgcﬁﬂgl?%}?ia?ﬁ]rﬁéq“%o

carbon atons with at [east a st onmetric’ anount of wa e presence
of a di catdpPrwbés dsdidsabint 1ES Salientaab ad B3y 2317 aThe AP&TMPIEShsiftam2ER to

300 Cin a closed vessel under autogenous conditions substantially free of
air for achilydull MOrblgkB7686he adipdaytri?O O3 aBGHEURIAN\RBPANRY a catalyst and a
15 cocatalyst. The cocatalyst was described as a saturated aliphatic or aromatic
dicarboxylic acid. The second step consisted of the addition of at least an
equimolar amount of diamine followed by polymerization. Through use of this
process, they were able to achieve tnamine levels between 500 and 600 ppm. A
shortcoming of this process was the substantial amounts of catalyst utilized. The
20 level of the catalyst exemplified ranged from about 1 to 1.5 weight percent based
on the adiponitrile level. For example, the patent teaches the use of 5 grams of
orthophosphorous acid and 1.8 grams of calcium hypophosphite catalyst in the
hydrolysis of 487 grams of adiponitrile, (see U.S. Patent No. 5,627,257,
Example 1).
25 Disclosure of Invention
The present invention overcomes the shortcomings of the
background art providing polyamides with low levels of triamine impurities
without the need for added catalysts. The present mnvention provides a two step

process (i.e., nitrile hydrolysis followed by the addition of the diamine and



-4 sufficient for at least 95 nole %of the dinitrile to undergo hydrolysis
and form a hydrol ysate; b) adding a diam ne to said. hydrol ysat?a’v%]orgﬁg in
-step (a). wherein the amount of diamne is within 10 nole % o éi&l | ar
based on HbaeBrSkarting anmount of dinitrile; c) heating thedstoabsssat e and
diamne mxture in the presence of water for a time sufficient to

pol yneri ze; and then d) recovering pol yagi.de characterized by low triam ne
content and inproved nelt stability. 10 In one enbodi ment of the process

the dinitril is. | t f th i sti f adi itri )
e o SaBE ST Pl e PSbEARACEr S M M 2ol DM Bbbinids s o
and met hyl @@HE%PMG L&tfoﬁdpxw &l Tohhg g;ggw? wémaeér%%iﬂg Liom L he,
group cons}?s | ng (0] exane y enegl am ne, etrane ‘hyl enedl am ne,

1, 12dodecangnial @desindnd sRp Yl RBSsdi Wi dte utilAf elcaflokylit heidh Bk tthé IsBid S
adiponitrile, 15 the diram ne 1s hexanet hyl enedi am ne, and the di carboxylic

acid is adialgstagset, dbe ekhplgdoGerfad. pel. yas) tigs{ Dy%@(}ﬁeﬁéntiiﬁvention has
characterized by a BHMI content of below 1,000 ppm Mdes for Carrying Qut
t he | nvent fustheOnleecas featd b6 shmdpthesshortcowengd e thev ettvediicthaenbypooitessi s
of nitrites 20 with dicarboxylic acids as the sole catalyst This_process

i nvol ves hagrifiegnt menounts | ele addutana) etalystsi Gaebdryaxemapds dUisy Pale No.

t enper at ur of 200,.to 300 C.. Surprisingly.jt _ has been found that
LTS prooees? baagt ade Subdh a1y gl B bSHiotrHich HAg PO, Crabal et ot ne
need of t i.gh 5.0 I & c r ' i n.t ove
ment i onedhfg)g%l%grglﬁﬁé%ﬁ? .Jfﬁggﬂnﬁ‘lﬁ‘ﬁﬁﬁr"eg‘éﬁé‘){*f‘h@%?@mﬁf ?%i }tw{r]/iet ?elagprngéarl]

i ncl ude any,ymRterial which incorporates a nitrite functionality.
Preferably, the nitrite will be a dinitrile containing from2 to 20

carbong. The dinitriOacagyedrefahd prathCinvehtiahghtolebaihe Hdrély sl OTeGk ey
aromatic. The dinitrite may contain other functionalities. Specific

exanpl es o#ithlidicambiokgbc witidshasralye fsphd catsdysti t Ahs pheepr apardved hvantg dre
include WD 00/37S36 -5 2 May 2003 PCT/iJS991 28240 adiponitrile,
suber oni t ritrde, wakcand tar dicarboxyho agih e dhe teinperafure gange pEROHAI NI ¢ | e,

methyl glutaranitrile, and the |ike. re preferably, the dinitrile is

G poni or Eraprogely if el foukh Tatelln: Bl sn rotiip0 Rt CoplaR i n
t he hydr ol ysi f SUNE S d a. processihn hd ien

pol yrr)éri zarﬁlﬁjg% Rﬁgg%&%uﬁwéﬁo?&vﬁ%% ?gc{ﬁl‘%r gﬁhl %ﬂt%lrllscei 0r{i ?c?é]ﬁgn%lygzrztgly%si S
step 51'30U|1‘éqgﬁe&iin iRaoveGHAltidied B RkERWEBAAtY 10 the ampunt of nitrite to

be hydrol yzed.

A further aspect of the present invention comprises the use of the as
formed nitnle hydrolysate in the production of polyamides. This was performed
by adding the diamine to the hydrolysate followed by heating and polymerization.
Surprisingly the produced polyamides of the present invention have been found to

20  have low levels of the above mentioned triamine impurities. The as-formed
polyamide products have further been surprisingly found to have greater melt
stability than those produced through the teachings of the art.

Thus, the present invention provides an improved process for
producing polyamide comprising the steps of:

25 a) reacting a dimtrile containing 2 to 20 carbon atoms with at least a
stoichiometric amount of water in the presence of a dicarboxylic acid as

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

under autogenous conditions substantially free of air for a time



The catal yst conponent of the present invention may include any

di carboxylic acid which gronotes the hydrolysis of nitrites. Representative
- classes_of catal ysts may include aliphatic and aromatic di car B aci ds.
speci fi &AW HR¥npl es of catal ysts include adipic acid and TEVEREHY i ¢
acid. An effective anmount of catal yst LP pronote the hydrolysis is needed
in the present invention. The effective anpbunt of catalyst will depend on
the catal yst type. Typically this falls within the range of 1 to 50 nole
percent of cat al gsfifichadgefdran ldisti®y iMode Yoradf tbe almhiyrilef toommddrygat hysirolysabout
20 nol e percent of catal yst based on dinitrile is 15 to be enpl oyed. The
hydr ol ysi s proce%lsd fmla\,}é@fﬂé@ﬁtﬁhg the nitrite, water, and a catalyst in

the tenperature r e of,.200 to 300, , C. The reactor.design.is  not. critical.-
The react or n&@ ‘Efgﬂ gst idipmyealnt éé'ldablé‘?rolYFaEFnz‘iWﬂeH‘ sigPo@avdiereinctieym

Gener al iy run i r30rber BBl iSEOEhR 1ol P Sy EameBEbRETE LAY Known
process. Exanpl e&ahg%gg,%ug%ghﬁgﬁ,pe reactor with inert gases, such as

ni trogen or argon, cuating the reactor and filling it with inert gases,
pressuri zi ng tchenéAant Me WdrblysaRrandafsend Alitonesh Y pr&Rthd&ftveatkr for

at nosphere, and the I1ke. These processes may be repeated as many tines as
desired. The tempena sufficiange pofyritrézqyraadaban i s 25 deternmined by the rate
of the hydrolysis reaction. At tenperatures below 200 C, the rate of the
hydrol ysi s reddticsavegngepehamiget gharagigrized bby ebonotianiney aggednil andt
tenperatures above 300, C _significant anmounts of byproducts may be forned.
The reaction ten"ﬁ‘é‘?ré’t"ﬁfié"?ﬂﬁ§taggﬁﬁ{i n constant throughout the course of the

boutd W BoF RN SRR 5a0 e Ed FoBodrperig PThe
reaction SRS o (T i AL AbLAFiRNe, KOBacBRRAR €1, 15N AERKO 4;8] "I@F]Zr

added, tic1 reaction tenperature, a vent’ setting of a conbination o

sane. Therkginahibnefrilehanddedly glistafimeas Sand Whelen ahd Wghireniotelbbrd
reaction tenperature, process design, reaction catalyst type and

concent r ftonothd gnoelp eortsisthneg &f hédeanetlihient drmish aetrambihylcoredianmegh, 120
effectively hydrolyze at | east 95 nole percent of the nitrite. Preferably,
t he ti mede@enang deminpg@rchpughencodentiaet i Rrefejatly.dihel dinrila 19 adipongslen| e

rther aspect of th sent, | ntion.co

Fﬁ%c ;da{e ‘ﬁlggﬂg‘létlﬁt h%ﬁ@a@ﬁ{y Fed@mYg 41 y}ﬁ gicprﬁmg‘ c 69%%%5? folf(lj anlg’pri ses
Fot Y oweathyRaLHPARA 8 Ol Qa0 SRR PR Bl Aol oac e

pol yam degoofpdrhe present invention have been found to have low |evels of
t he above nentioned triamine inpurities. Further, the asfornmed pol yani des
have been surprisingly foNudetdoh@ueyephaonced Ineditiost abi ity when conpared

to the art. | S In the present invention, diamine is neant to include any
mat eri al whi ch ; ncéhpoaspessof the raasend 1antionangolves tfednalublysist dfenitiilesi ne
wll_contain from2 to 20 carbons. The diam ne may be aliphatic, straight

chaidl or Withadicagbpxidic aesliets the sole eatalyishe ThisyPrOSRsainy QY eeheating the

f ti Ligi .. jfi L of. di,am whi ch fi nd L0, th
or esent THULCTHRT L BacTHORBIGABEH WAAaMRRieHEC THRET B20h tceatar b ne,
1, 12-dod -diam i.am -am d d at
2 Level SEAEINOfas BRCn DI at! BN BocelM BONAR WSsciyl e BRpRAET 2

exact | exgileMHylrdl si@etﬁmﬂuﬂ%iebﬁcé&‘%fnm&%%}ﬁqedﬁé YTt afl@iBioh e catdl§siE act or
design, losses of the nitrite during the hydrolysis process, |osses of

di am ne xbguined ih hike pbbyerardnziehedbapk@oasd agnd the 25 like. ' QO her

subst ances may be added with the di am ne. Exanples of said substances may

i ncldide wat er, st abmlthzepresempoinmentionanitoe catmadapstte, inghuteessy nyatrtkd and
the like. . WO 00137536 2, Nay 2003 PCT/ US99/ 28240 _7_ The. ?OI yneri zation
process V! esrpriatesynitate functionalityy dPeafsreblye the nifrile will be’a dinitrile

containing from 2 to 20 carbons. The dinitrile may be aliphatic, straight chain or
branched, or aromatic. The dinitrile may contain other functionalities. Specific

examples of dinitriles which may find use within the present invention include



diam ne, and water in the tenperature range of 200 to 350 C. The reactor
design is not critical. The reactor may be the sane reactor dgsign éj(?ed for
+ the hydrolysis process or nmay be different. The reactor may b Ma%EPs ed
aut ocl aveso @m7sestirred 5 aut ocl ave, a column reactor, a tpdigugveasyor, a

| oop reactor, or the like. The process is generally run in the absence of
air. The air may be renoved by any knows process. Exanpl es include purging
the reactor with inert gases, such as nitrogen or argon, evacuating the
reactor ang. f

gaces T of Fomel el dubtreiily FoabaBEi ) PLTIHAE R G o fhhl cocc
may be reﬁ]ﬁ@ﬁ]&r et Eﬂ%%@ﬁkg.efﬁ(grﬁgzreﬁl@ol %inﬁiﬁer‘%s%@@%ﬁitﬂfe.the

process i ned by t rate o po rization an e melting

poi nt of the productypet YigBisedThe theResatl UnhQetifidl taginessah! ¥adignd i the
range of 200 to 350 C. The pressure in the polynerization process may be
in the rahgérod§siOof thelidolepmidyans pragesbagped fotiepolymeterzauac ulihe aittfoant
pressure may be constant throughout the 15 pol ynerization process or nmay be
vari ed? Gehewaleryregheegr ssshe enwiila ydrelgsiacsidpdshaunid bheatplshsineatalatn on
process. The polynerization progcess. Wl equire a sufficient time to form
pol yner. fidupmgaEy e the gmoyng g Bttf‘é)‘htchPe E‘Hgm dific reactants) the

product desired, the reaction tenperatur the reaction pressur and the
i ke, General Iy the |61 GHHEMEL SPRBRTGbababe HFieT aguriic e Beiiqs iy
hours. 20 f 847, j

taught t hgitcg{%&%r] %?Sg(ﬁ?ggpﬁ%f‘g%ﬁﬂg? ?’ﬁg‘fgg?#ﬁs ggpég%%dgg?&%#g;ap@?? r]r%r% |€§z1at ion
shoul d beoﬁ%@zﬂ?ﬁ@dm%tHic'lhc&p%@ilph_hﬁctﬁ{@%’i@\hﬂﬁ@/cﬂbmuyﬁc%%@S-Sﬁéﬁ]c_ _
specifc tenperature/ pressure profile will generally depend on the specific
r eact Hht sexaagicandf chialytoducduddesdipad acldnatdacephsentc aadentAinosffective t he
adi poni tnil e hydrol ysate 25 and hexanet hyl ene diam ne, it has been

gener al | yamount of matalysﬁempmowmcitbath)@hog'mc@srseqdﬁ@ IhibE ydesene anvangionhe

reactants_to O0to 310 Cwth pressures hetween 200 and 300 psi set by
e vent ) TheIa TR s el st bR “aNAPER ther Sags e n pHeay fns
tenperatu range aho to310 . C. Thi houl.d_not be consi.dered

i m ti ng. TSPy %‘E)sfgv%% ol gf@séaﬁeﬂez\ﬁ’éﬁfﬁf‘;é%‘t#ﬂ%it 5%5%%h8"f3$ﬁ"§ ®hg
Exanpl es Psﬂéf*e&gw,rﬂr&ﬁ Aboi o Wé@odt%hﬁ@ﬁeﬁfeﬁgHFE&aY’ﬁf ®adlel &1 Aimgfle by hi gh
pressure |1 quid-chromatography (HPLC) analysis. Relative nscosity (RV) of
the ps ymbéaﬁ@u@&gdwas determ ned as a 8.4 weight percent polynmer solution
in 90.0 % forTnic acid. Polyam de end group analysis , 5 was determ ned by
titration. And, bi s{Thexaydblysiepeptessamviohes{ Bt ke alitsileyewetedetrd m ned

by gas chronat ograﬁhy (G0) analysis of the polyam de hydrolysate, all as
gener al | ycKabwh 11 the Hempetatumy sagce of 208 19 2P0r & of ThedTeRsHIt d6siEn s 10D, 00

o s 300" BGRIS) Hio St faRry Ak shmeBuRafiofE o b e B ain SGRatr
ol casod. "BL ARUFER LR ] 85 Bedtible il INCHET, TRE ShOFR: iR BRI KSR ng,

the sjpkethet shenk@SrHgAL Gthet £ir 238y te rethdRid B RhOMEv2 3Pocess. ExRGRes

aut ogenous pressure of 394 psig was observed.” Dufing the course of this 15
oper at i onirichedeop@giny thesteawtoy wehuned gases36iclpas gitodygear sedtgah, dviaeusting

After 5 hours at 230 C, the shaker tube was allowed to cool to room

t enper at uthe. reTbior andtfdhing ivfwithh encrhgkess, putssuneing thaaktacter with inexigapeessur e
| i quid chrqomat ography (HPLC) with the results shown_below in Table 1. 2
May 2003 YO Py3eemmg (tsobmmwsphers, angdpthe hker odiese Rreacsses smay-R§ano 5

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

25 determined by the rate of the hydrolysis reaction. At temperatures below 200 °C,
the rate of the hydrolysis reaction is generally too low to be economically useful.
At temperatures above 300 ° C, significant amounts of byproducts may be formed.
The reaction temperature may remain constant throughout the course of the

reaction or may be varied. The reaction pressure may be within the range of about



i 5 Adi pam c¢5- CyanoAdi pi cVal eri eExanpl eAdi pam deAci dVaiyer am deAci dAci d( W .
WB(W. B(W. %B(w. %(wt. 9% 131.b33.00.617. 160. 69232. 332. 7N£M§g5|%
- 4.92b. 60. 0510. 10. 2415. 225. 00. 39. 80. 5527. 834. 90. 49. 2ND630. 132. 61.27. 723. 8
22.48. 45.%9 003733, 020. 011. 6NDND822. 224. 54. 16. 32. 8" ND" si gni FLELPH2E24¢ he -
materi al was not detected. Reported results represent the average of two
determnations. Exanple. 2. A mixture of°adiponitrile { 100.00 grans),
wat er (80.00 granms), and adipic acid (15.00 grans) was added to a 400 ce
st ai nl ess 33 egll B0GRkere. t Uhe rahctimoprdssimeenay Weecohalehakefort eaenplas the
pressurized to 60 psig with nitrogen and the pressure was then rel eased.
Thi s oper amountwat watpeaided, fhor reaction 4¢mpéragirej aeent vettimgstrakicogbinateon
shaker tube was heated to 230 C. After. achieving 230 _ C,  the_reaction
pressure vsthesans. t bha/kngtipet hedy aselysisiiosss vﬁ%ﬂg@ ARG Hethedapdeorof

th tion. Aft 8 h .at 230. C . th hak tub I d I
R

porl 1 58001 5% ad e T A Be' nd Pliciel oo f AL BRI P ol 168753 el
vater (166,40.ar gggf(, nfRAR 2BLdkrabds detithe 3hBRIDHETENg \@%ugﬁi%%fmn@efgﬂo cc

st ai nl ess ‘st eel er tube at roomtenperature. The Shaker tube was

pressuri zagd,drelyo@ Ap$d8t 98 iiblBiperceaenf gitchitrile. 5 pressure was then rel eased.
This operation was repeated for a total of 6 times. Wth shaking, the

shaker tube was heat AdfurtheP58pecCof Ali¢ presanthineenngn 28MmprGEs theuseat theoxs
pressure was found to vary between 594 and G30 psig during the course of
t he oper atfosmedafitridle Ivdiplysatean thgproductiqieol pakemifghe s was| prERIMeS cool

SO E i o A P g R S A
AR i 0 _ _ tl .

o e usufintisl 0B IR it Ehled of AR BN B0 e P LBE pFl
tenper at ungy TRy SBaKST off HRE AWBSe RAGRRINHZ@MHniRe SRR e tHuret ! fgeqs.and

the I S pressure was then released. This operation was repeated fTor a total

of 6 ti nPSforMEHEpd?@Kid&@,hatvb%e%haé(@priiiugky famdneahed tohaR@d elt Atdtelity
achi eving 250 , the reaction pressure was found to vary beriveen 5b6 to
b99 psi g duhémgomperacbiortbe avf t he operation. After S hours at 250 C, the
shaker tube was allowed to cool . to roomtenperature. The contents of .the
shakedSt ube were analfy HEdPEFCHpIIECRiIPh, SEMIAG 15 dBgARd0s CaBieX énaterialap| e

1. EX | . A m f adi. i il 1Q0. . 0.0
o army | anbigh prerhaigs fue SRS irctions PG eARl b8 Bedrnirt kil odifinddemy  cel
shaker tubg;atyqy ngohg.”p?ﬁé‘td%ﬁineTﬁﬁgSl%kﬁgﬁﬁhétftgg%%ﬁzg’m%}?ﬁﬁLHr' B&dchd 6% Psi g

with nitrogen and the 25 pressure wa enre I'S operation’was

repeat ed f@bnticot The Rfiarfidd RS- coftain ShakfittbtionaRtiehakeclfibexympidiest ed
to 230 C. After achieving 230" C, the reaction pressure was found to vary

bet ween 3%hatiné&70 wisich durayng firkle asar sen ofththe pogsenat | miventdit er inShidzur s
?:tCT/Z fj%@g?iggzg]cst}?)%léﬁédi;#}?fe,Vﬁ?ra%ét}?;ﬁgeéigm?noe?l 1}1%-dodzecel\1/r?g dzagr?l?nev,\o ax?c(i) |;§7536
xylene diamine. The diamine should be added at a level of within 10 mole percent
of equimolar based on the nitrile. The exact level will be determined by the
molecular weight desired, the reactor design, losses of the nitrile during the
hydrolysis process, losses of diamine during the polymerization process and the
25  like.
Other substances may be added with the diamine. Examples of said

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

and the hke.



-1l1lroom tenperature. The contents of the shaker tube were anal yzed by HPLC
wth the results shown above m Table 1. Exanple b. A m xture of
“adiponitrile { 1 OO Ofl grans), water (90.00 grans), and 5 adipiayaedd {
13. 51 grepgo ey added to a 400 cc stainless steel shaker peyhgonigzaoom
tenperature. The shaker tube was pressurized to 60 psig with nitrogen and
the pressure was then rel eased. This operation was repeated for a total of
6 times. Wth shaking, the shaker tube was heated to 230 C. After

achieving 230 C, the reaction. ressure.was foHnd.to var %reé en 4864 to
373 psi g during t hel ol SECHPALEN PRRFESH Al & eaynieheanifily Pl sag,
h hakey: . f
the sha %ar%\%eea%%aqu 811"‘6?19 z@%@%%&kﬁ&%efﬁﬁ?@@%%%@“@ eTR'e”?Sa&gPB?é] 0

t he shaker @ were anal yze results shown above Pn Tabl e
1. Exanplignéy cﬁtiE@lXFW@reﬁEto@%@% fHel dafnd reh@g)r%s%rﬁlﬁ@)d, fopahehyblyHQ
grans), and 15 adipic acid (G 76 grans) was added to a 400 cc Stainl ess

st eel shgketesk Wramay beatiffetcpp@hatraicor Ty bhakgirdduhgowase paessstiirzdd to
60 psig with nitrogen and the pressure was then rel eased. This operation
was répeatieatldor, ascdwnalreadtor;@ taharemcton & hosthedactg, ot the Ishak Ehe pubeesaas
heated to 230 C. After achieving 230 C, the reaction pressure was found
to vary betgeeilly7ant e Yr3absenes 8lidihg Thseals guay deoremmyedny ap¥rrewh.

After 5 hours at_230 . C,. th& shaker tube was all.owed to cooia to.room
t enper at WESCSThd XaspRIER FRCIiFe PWESH T Feactl eV B HBER RAFSS, SHEB WS BITEBGR t h t he

| i oo vube’ _
it pon; ¢ 2 ABoRoBY Gy Dpd By Seduig BIRHIBpL P g5 T ks AIAE 8L 400
cc stai nhkesSos kgl indhakREs tORRVA! by QRMiIhENDAr AitsPherthsnd IakBke t Ul swas

pressurized to 60 psig with nitrogen and the pressSure was then rel eased.

Thi s10pepabécaBesvmay bepepéaed Aomaty tighal asodesfretli MR teMipebataakinge oftthe
shaker tube was heated to 230 C. After achieving 230 C, the reaction

pr essur e prnasest oudetetroinedrby therate ef tiB6golym@@atipsiagdde medtingpovdwfdbe of t he
operation. After 5 hours at WD 001 37536 - 12 2 May 2003 PCT/ US99128240
230 C, tredudiglobymenyphEheesnperatgietyil geegslly bs 1pdbatangspdr2iutoe3 Srhe
contents.qf the shaker tupe were anaI%/zed b% HPLC with t%e regldl és shown
above i n FEOMESTUTE 1R g, BRI BERHER FOTEAMPhRE bk Fngs R Aded UABtPsi8t ect

i act e PR bk bhol TR IR O daem g s o

adi ponitri ure

adi peRi t HolnéridARdn0foBeaMS) maydeefar(cd0. Ben&rafiyihe pREduAdingil Geddddcbd 13. 51

grans) was added to a 400 cc stainless steel shaker tube at room

t enper at dueingTthe pbbkeridatibe prasessr eher palgtheizatOn gabgessi il nieuogea and
the 10 pressure was then released. This operation was repeated for a total
of 6 ti mssfficigrthtigiakd dgimtidyspakerhis ybec 8l heat dbnetiop3y the, spafciBe

achi evi ng 230 C, the rea(getion ﬁressure was found Bo vary between 397 to

373 psi g TERAEHE DRPTeBurlsEesErdiRe TEEICN IcHPeT A & rthg reRIIOR BRESHHS, akd { he

shaker tube,was all 0 | t0.:10 t ature. oI f the
shaker tx%eeh%‘re 4 eﬁ@gé}%ﬂ B;&/I%E%g%g? %%C%%Q llre EHthE‘nﬁh@mgﬂa%gﬁn Tabl e
1. arats . ! I Etrihe.{ 0 ter
(7. 780 A R e (A O PR TC L AL s (S ma P Bh TR 485
grams of prodife’ Gipki gtfledifarC andigh UsdygmitRx anit hybbaediatione ssolld i bo) was
added to a 300 cc stainless 20 steel autoclave. The autocl ave was

pressuri zeddoaed00wphirg \spedifini t teopenatandptelssuret hetagesessur €heasspeeifrased.
This operation was repeated for_a total of 3 times. The autocl ave was
pressur i ixmpestIoprpsue wraite il senasalin deperdt onnbe ppeedisr ragtaty age@d down

to 100 psi itrogen and heated to 240 C with.stjrring..After achieving
290 -, "ol i BESTRE dggttedofin eyt yysruian vt gt UPANERE BRIGHSY er 25
2 hoyss 3k HtQantetnile BIASRE § MRS LRSS AR bRt HET (RE'SBIPMEz&dod" NUT €S

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

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

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

limiting.



while maintaining a tenperature of 240 C. The reactipn tenperature was
then raised to 260 C over | hour while the reaction gressure W%ZOO?:
. mai ntained beriveen 186 psig and 200 psig. Wile naintainin % reaction

t enper at WMODIBF3360 C, the reaction pressure was vented dd%%”?%”@ﬁ“ﬂsi g
over 9 mnutes. Wth stirring, the WO 0d/ 37536 2 May 2003 PCTI US99/ 2824d
-13 5 10 15 autocl ave | eas heated to 275~ C over 30 m nutes while
mai ntai ning a pressure of between 88 to 94 psig. After achieving 275 C,
the reaction was allnoNyedoligwshg IExadipld9 adipouiteise WytitdtydTRildeiafd B¥oducts
pressure of between 89 to 91 psig. The autoclave was then allowed to cool
to roam tweperdatarmnenedHey riaghl prexgupr dipdd vhsoma@igygdy (HIPLEI ahabeis.
viscosity (RV} end groups and bi s(hexanethylene)triamne ($HMI) level with
t he resulelasm\msd@eity)wﬁiW Ththe pRlyrmigiesamples cv anastermencd abjact # edeight a
melt stability test. Thjs nmelt stability test s. performed as follows. The
pr oduct mcwi@ﬁmprgelut@no%Pﬁi% ¢ fPANE 9eduukeb@EHde Fnd 2IoUPRIRESIHg)

T L T s e S

resultin t eyl : I d r t t hb S nd
anal yzedg\FJ{::)Tr;Eé ?%F%h'ﬁgév?ichs\?t @ﬁ%ﬁ%@?ﬁgyr ggl@ﬁ)t gdr;qg g?ssuu({nf’re}é}?% zg%@%'gllq%%v in
Table 3. [abbgsaicPal Hﬂgéné}«ﬁﬁw&bﬁﬁl ifRgswrt.s. End Goup

Anal ysi sExanpl’eRVAM ne”Aci dBHMI(nol es/ mi | lion (nol es/ million{ppn}grans
granmspol yner) pol yner) C28. 5266 53|, ERdsbledll. 73279C34928, 86 3047103441
86172 WD 00/37536 - 14 5 10 1S 20 Table 3. Melt Stability Test

Resul ts. Ori gi nal Exafyphe®uc28{ 68ipeaitada 9 10320 Zrvms), 2008 BTSN RS 2401
Melt-Treated RV.1G 59 |04 59 Exarrg([@e 9. A mxture of adiponitrile {40.00
grandl) vidiRe 338 (36-09r aragys), aras addsst B0 acte ce wsindesanyelviakardeke eb a
300 cc stainless steel t ocl ave, .The autocl ave  was .pressurjzed to 300 psig
wi th ni t rO9ERICERRFTEREn AN SRBECHIE WaS WeunEEd O R SR e

repeat ed ok e hASAlreQlachddiE, e AURAEhAES YBRBIERR AL IQAAQ PoT O

with nitrogen a € pressure was vente | rogen and

heat ed t ow2diOshaki, tthe Shhke- fub@. whY hekited BORBGo &t 24Qr dehidvitg: 29bogt ayve was
allowed to coot to roomtenperature. The autocl ave was opened and

hexanet hypeakeditagarons (B8ss3de grfad®d phigawa9. diSevadyhtDypeng @t canpge afSthis
hexanet hyl enedi am ne sol ution) was added. The autoclave was reseal ed. The
aut odPaveoprsaiiqy Swspressigg flowkpveduded Wi 361 pstg ofservadditttherendheAfteessur e

was released. This_gperation was repeated for a total of 3 tinmes. The
aut ocl ave s apPaldr e shabersBhepry ahpredrior sorjol TR EHBRCARES pr s ur o

was vented to 10.psi [ en. Wth stirrin t he autocl.ave was heated to
275 " C waemasor B ellpt bFERsr iy 2o Pl g pr SR 85 M Eo MR NS i o
vas reduqehbidonrith I tRKRRELWS BIERSHI @Y §r one hour. The pol ynmeri zati on
was finished at atnospheric pressure at 275 C for 45 mnutes and then the
autocl ave was allowed to cool to roomtenperature. The resulting product
was anal yzed for relative viscosity (RV) end groups and

bi s{hexarnet hyl ene)triam ne (BHMI) |evel with the results shown above in
Tabl e 2. t 2 May 2003 WO 001 37536 PCT/ US991 28240 - 15 The product was

then subjected to a nelt stability test as descri bed above for Conparative
Exanple C2, with the results summari zed above in Table 3.



Conparative Exanple C3. 5 A mxture of adiponitrile {40.00 grans}, water
(33.26 grams), adipic acid (6.00 granms), phosphorous acid (0.4l gram;é, and
cal ci um hypophosphite (0.15 grans) was added to a 300 cc st ai i blag 28P&el
aut ocl av\goom%z‘gut oclave was pressurized to 300 psig W thgpihiegen,and then
the pressure ™was rel eased. This operation was repeated for a total of 3
tinmes. The autoclave was pressurized toglO 300 psig with nitrogen and then
the pressure was vented to 40 psig nitrogen and heated to 230 Cwth
stirring. After b hours at 230 C, the autoclave was allowed to cool to
roomtenperature. The autoclave was op#ed and hexanet hyl enedi ani ne (68. 4b
grans of a 69.7G wei ght percent uepus ,hexanet hyl enedi am ne sol ution) was
added. The autocl ave was reseal edt TOREt AMBIYSIS ocl ave was pressuri zed to 300
psig with nitrogen and then the pressure was rel eased. This operation was
repeated for a total of 3 tinmes. The autoclave was then pr essg' Y288 to 300

psig with nitrogen and then thﬁd;b%ﬁﬁgur esy@ga}\gjent e%&iﬁiclo psi ¢,k ogen.
Cwt ?

Wth stirring, the autoclave was heated to the vent set at 200
psig. Afteramph evi pdigAfideC. Adi@ pressunaiyamideduycgd down tgc0

at nospheric pressure over 20 mnutes. The polynerization was finished at

at mospheric pressurewat’%p70 QGwito?%)20 m (ut.€s) and t(hen?dhe autwactgve was
allowed to coal to roomtenperature. The resulting product was anal yzed for
relative viscosity BR® end grups, and Bi®( hexanmethld ene)tri@&hPne ( BHMI)

| evel with the resulfs shown a}bove in Ta&?e 2. 25 The product. was then

subj ect ed 40 a nelt33abil | ty %6t as de i bed ab&¥ f or ConIﬂQr ative
Exanpl e with the,results rized ve in Table 3. EX l e 10. WO
50! 30536 23 2 My 20649CTI USO8 10 - EAMEUE 28 adopahPtrile (40,00
grams), wajer (33.2¢sgrams). andyjadipic gejd (G 00qggans) was;added to a

300 ec stainless steel autoclave. The _, autoclave was pressurized to 300
psig with qitrogen ang then thg pressuregups rel eased. This oRprati on was
repeated for a total of 3 times. The autoclave was ,, 5 then pressurized to

300 ps~g 4vzth nitrdgdn, the @2e6sure 4va vented t705 10 psi g WDtrogen and
the autocl ave was heated to 230 Cwth stirring. After 6 hours at 230 C,
the autoclave was aPBdéwed to cde# to roothéd enperat dre. The aut.bcl ave was
opened and_hexanet hyl enedi am ne (68. 46 gr of a 76 wei ght percent
aqueous he(;[;rret hyl et amme so @t]ion) wad-%dded. TAPaut ocla{}gD\Nas
resealed. J0 The aut, cil ave ma(siz4p§1_essuri zgd] to 3Q0 %Sj'g wth '?rogen and
then the pressure was“rel eased. "This operation was fepeated f a total of
3 tinmes. Theupuiq) QM HARfhdLaRHA WeRthdtUeRQPePSi g Wi th nitrogen and then
the pressure was vented to 10 psig nitrogen. Wth stirring, the autoclave
was heat ed Repozied reSulw fehrédeat uRndvesgde af twdde@sinthat®nker achieving 270 C,
the pressure was reduced down to atnospheric |I S pressure over 20 m nutes.
The pdl ynerization was finished at atnospheric pressure at 270 C for 20

m nutes and then the autoclave was allowed to cool to roomtenperature. The
resul ting product was anal yzed for ¥&#maple/é-viscosity) (RV), end groups,

Tabl o 2. 20 The. pr bbb uaRor Attty Y B oB il vhEF LD Porgrovenings”

describeqa:ﬁlg Ve {] RS r -i zed
above in Ta ](Ieea%é(j P{sﬁ&?%gﬁﬁl Yk’ég\na% aﬁﬁllgéscc\gtdél_}g%%?? tre %F%@E@%yagi@&mevel
and produgiripeyRife. dgherdHaRed nibe Biadhpriesafsisterol 601t Ghit0AREQZhaRYtheHPLO)
anal ysis. 25 Relative viscosity (RV) of the polyner sanples was determ ned
as al®. 4 pesgint wer dentreplsyderThigl afdration 'w0rdpedtetiofor £ t@al df 6Pomyan de
end group analysis was determned by titration. And, o

bi s( hexanWthyshake)g, thashaker ((@be WiF)hdatabts23@f €. dafter acedingy2 asC, the
chromat ography (GC) anal ysis of the polyam de hydrolysate, all as generally
known i n TCAEIQ] Pressurg wasy oppd4o vary betwéen 380 and 366 psig during the course of

the operation. After 8 hours at 230 ©C, the shaker tube was allowed to cool to
room temperature. The contents of the shaker tube were analyzed by HPLC with

15  the results shown above in Table 1.



WO 001 37536 _17_ PCT/ US991 28240 Having thus described and exenplified the
invention with a certairgdegree of particularity, i t} shoul d be appreci at ed
that the following clains are not to be so limted but are toZMéygp(P%rded a
scope cweomsssesate with the wordi ng of each el enent of tirETebNRBNd

equi val ents thereof. 2 May 2003 WD 00137536 - 18 CLAIMS W claim 1. A
process for produci ng pol yam de conprildinng the steps of: PCT/US99/ 28240 a)
reacting a dinitrile containing 2 to 20 carbon atons with at least a 5
stoichionetric anmount of water in t&egﬁ{le%ence of a dicarboxylic acid as
the sole catal yst at a tenperature "PBM'200 to 300 Cin a closed vessel

under autogenous cangj:{4 i fadkde i S i ci ent
for at |east 95 no?‘emog‘fg?@t%ﬁéﬂﬁ’l%h?ﬁ?% Fiedq/%é gﬁ‘ﬁ%@gé‘%ﬁéy"a‘r@?y@ %‘laan& %ﬁ)&r ma
hydr ol ysafiic akdd Ip) 5 @ddirashs wilis AHBE 16 @ 499id divdlcab Yool shdker sk atvoshep (a)
wherein the anount of diamne is withirs 10 nole % of equi nol ar based on

t he startehpgratomuntTled shidkerttabt evascprebsaidedgiot 6@ psipdmothy satageananditteari ne

m xture in the presence of water for a tine sufficient to polynerize;, and

t hen515 ppsquse ovex ithen pokegsedi déhshaperatien ivvasdrdpgatedwiorrd strhel dohmest and

inproved nelt stability. 2. A process of Claim1l wherein said dinitrile is
sel eot edMoTARRE GRS ke be tTag aRehin Fah; Cr | AUET ackvgy B 230 | 6, the

baconitrile, 1 12-dod dinitri t h itril d net hyl

oD LBk S FAREL ALY b e SRR BB BRI S

3.0”5! SUIRY erdif: .”EAhél @”ﬁcﬂlréfyé%;g 4t h%”%'il%él gﬁ\?edbag‘a@}:bwéd td choHpfiecane
I am ne, an p- Xyl ene di am ne. . process o alm ereln sald

di ni trili@ohstcasparanire! | The coeftsdaben@akesr thh%éamfe%lamaie%mg%c anfh said

di earboxylic acid is adipic acid and wherein said recover ol yam de
(nyll6n GhéYyeqidtscihavactesvezmdl dbled. BHMI content of 25 bel ow 1, 000 ppm
Example 4.

A mixture of adiponitrile (100.00 grams), water (166.60 grams), and
adipic acid (15.00 grams) was added to a 400 cc stainless steel shaker tube at room
temperature. The shaker tube was pressurized to 60 psig with nitrogen and the

15 pressure was then released. This operation was repeated for a total of 6 times.
With shaking, the shaker tube was heated to 250 °C. After achieving 250 ° C, the
reaction pressure was found to vary between 566 to 699 psig during the course of
the operation. After 5 hours at 250 °C, the shaker tube was allowed to cool to
room temperature. The contents of the shaker tube were analyzed by HPLC with

20 the results shown above in Table 1.

Example 5.

A mixture of adiponitrile (100.00 grams), water (90.00 grams), and
adipic acid (20.27 grams) was added to a 400 cc stainless steel shaker tube at room
temperature. The shaker tube was pressurized to 60 psig with nitrogen and the

25  pressure was then released. This operation was repeated for a total of 6 times.
With shaking, the shaker tube was heated to 230 °C. After achieving 230 °C, the
reaction pressure was found to vary between 395 to 370 psig during the course of

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



4. A process according to claim1l wherein the catalyst is present in an

amount of from1 to 50 nole percent of catalyst based on dinitrile. S. A

‘process according to claim 1l wherein the catalyst is present 1[2IMayP003

al Il ol Il InyyoQbshdsgm S5 to 20 nol e percent of catal yst based grr/ggddiastice.
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@ 109 & ()- 104 & ()} ) jt e S il a‘a({s)%@i/é e B et 85 1)
FS109%4 Y( §‘dﬁ:9|c ac1dF€61’ﬁ€/§x(anﬁ§% Was Added to a 400 cc stainless steel shaker tube at room
temperature. The shaker tube was pressurized to 60 psig with nitrogen and the
pressure was then released. This operation was repeated for a total of 6 times.
With shaking, the shaker tube was heated to 230 °C. After achieving 230 °C, the
reaction pressure was found to vary between 378 to 373 psig during the course of
20  the operation. After 5 hours at 230 °C, the shaker tube was allowed to cool to
room temperature. The contents of the shaker tube were analyzed by HPLC with
the results shown above in Table 1.
Comparative Example C1.
A mixture of adiponitrile (100.00 grams), and water {90.00 grams)
25  was added to a 400 cc stainless steel shaker tube at room temperature. The shaker
tube was pressurized to 60 psig with nitrogen and the pressure was then released.
This operation was repeated for a total of 6 times. With shaking, the shaker tube
was heated to 230 °C. After achieving 230 ° C, the reaction pressure was found to

vary between 368 to 366 psig during the course of the operation. After 5 hours at
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Example 8.

A mixture of adiponitrile (100.00 grams), water (90.00 grams), and
adipic acid (13.51 grams) was added to a 400 cc stainless steel shaker tube at room
temperature. The shaker tube was pressurized to 60 psig with nitrogen and the

10  pressure was then released. This operation was repeated for a total of 6 times.
With shaking, the shaker tube was heated to 230 °C. After achieving 230 °C, the
reaction pressure was found to vary between 397 to 373 psig during the course of
the operation. After 4 hours at 230 °C, the shaker tube was allowed to cool to
room temperature. The contents of the shaker tube were analyzed by HPLC with

15 the results shown above in Table 1.

Comparative Example C2.

A mixture of adiponitrile (40.00 grams), water (7.79 grams), adipic
acid (6.03 grams), and hexamethylenediamine (68.34 grams of a 69.76 weight
percent aqueous hexamethylenediamine solution) was added to a 300 cc stainless

20  steel autoclave. The autoclave was pressurized to 300 psig with nitrogen and then
the pressure was released. This operation was repeated for a total of 3 times. The
autoclave was pressurized to 300 psig with nitrogen and then the pressure was
vented down to 100 psig nitrogen and heated to 240 °C with stirming. After
achieving 240 ° C, the pressure was found to vary from 476 psig to 672 psig. After

25 2 hours at 240 °C, the pressure was vented down to 188 psig over 21 minutes
while maintaining a temperature of 240 °C. The reaction temperature was then
raised to 260 ° C over 1 hour while the reaction pressure was maintained between

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

reaction pressure was vented down to 94 psig over 9 minutes. With stirring, the
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autoclave was then allowed to cool to room temperature. The resulting product
S was analyzed for relative  viscosity (RV) end groups and
bis(hexamethylene)triamine (BHMT) level with the results shown below in Table
2.
The product was then subjected to a melt stability test. This melt
stability test was performed as follows. The product was dried at 80 ° C overmight
10 in a vacuum oven (p = 20 inches Hg} with a slight nitrogen purge. 5 grams of the
product was then melted with stirring for 10 minutes at 285 °C under a mitrogen
atmosphere. The resulting material was allowed to cool to room temperature,
isolated and analyzed for relative viscosity (RV). The results are summarized
below in Table 3.
15 Table 2.
Polymer Analytical Results.
End Group Analysis
Example RV Amine Acid BHMT

(moles/mitlion (moles/million (ppm)

grams grams

polymer) polymer)
C2 8.5 266 53 1,161
9 41 41 73 279
C3 49 28, 86 30 47

10 34 41 86 172



"1 10( 10( 10(5'10% & ()-t 4 $10% & ()- ,!10% & ()-s

+5$10% &

& ()-! @ 10%008 (5) -1 @ 1098 ()-10%08 ()-! m 109008 () - >) ?@AAAV\A%M@’ 2093 0o
10cQcO 108Y% 69/3753
10cCcO \ $10% Oc08 () -, !\ $10%00& () -, ! S$109ZAZOE () -, ! $10%008 () - , AAAAAAAABM

C

10Y0109%&' ()-'t109%& ()-$CLOY ()- S810%& ()-, 109%& ()-!n&" 10%& () - AAAAAAABNCOC

()-# 10% & () - n<<<s=>>>zX9YNC 10+10%% ()-! @10%
6 PCT/US99/28240

14 -

p 109%& ()-ip 109%& ()-ip 109 ()-ip 10%Rbfe3ip 109 ()-ip

1098 () -i
109& ()-i
109& () -i
1098 () -i
1098 () -i

109& () -i/R*apPOoR ()-ip 109&

1098 () -i
109& ()-i
109& ()-i

109 ()-i/K BBBBBBBxXY: 0C /p 109& ()-ip 109& ()-ip 109%& ()-ip 109%& ()-i/K

FO109%& ()- BBBBB(B- BxY: 0C p 10%& ()-ip 10%& ()-ip 10%& ()-ip

p 109& ()-i/K - B2B3BABeBIBABKY DEtRAEME ()-ip 109& ()-ip

p 109& ()-i/K p 10% ()-iLBTB\B] B_BdBi BxY;: 0C p 109%& ()-ip

p 10% ()-i/K p 109%& M@llow&' ()-ii BnBsBMeyH{essy: 0C p

p.109%& ()-i/K p 10%&'{2 “ip 109%& ()-ip 100/%\?)45555555? oC p
V-ip 10%& ()-ip 10%&Y)

pC%O%&'()-ip 109 ()-ip 4% ()-ip 10% ()-BBBBBBBI JOC /K p

2CE00& ()-ip 109 ()i 5109 ()-ip 109 ()19

BEBBBBBXY: 0C /p 10% (Jrip 109 ()-ip 10%& )-ip 10%& ()-ip

p 109%& ()-©BBBBBBCXY: OC /p 109@4q)-ip 109& ()-ip 109@4()-i/K

10

15

20

10 34 59

Example 9.

A mixture of adiponitrile (40.00 grams), water (33.26 grams), and
adipic acid (6.03 grams) was added to a 300 cc stamless 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 240 °C with stirring.  After 5 hours at 240 °C, the
autoclave was allowed to cool to room temperature. The autoclave was opened
and hexamethylenediamine (68.34 grams of a 69.76 weight percent aqueous
hexamethylenediamine solution) was added. The autoclave was resealed. The
autoclave was pressurized to 300 psig with nitrogen and then the pressure was
released. This operation was repeated for a total of 3 times. The autoclave was
pressurized to 300 psig with nitrogen and then the pressure was vented to 10 psig
nitrogen. With stirring, the autoclave was heated to 275 °C with the vent set at
250 psig. After achieving 275 ° C, the pressure was reduced down to atmospheric
pressure over one hour. The polymerization was finished at atmospheric pressure
at 275 °C for 45 minutes and then the autoclave was allowed to cool to room
temperature. The resulting product was analyzed for relative viscosity (RV) end
groups and bis(hexamethylene)triamine (BHMT) level with the results shown
above in Table 2.
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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

15 autoclave was pressurized to 300 psig with nitrogen and then the pressure was
released. This operation was repeated for a total of 3 times. The autoclave was
then pressurized to 300 psig with nitrogen and then the pressure was vented to 10
psig nitrogen. With stirring, the autoclave was heated to 270 °C with the vent set
at 200 psig. After achieving 270 °C, the pressure was reduced down to

20  atmospheric pressure over 20 minutes. The polymerization was finished at
atmospheric pressure at 270 ° C for 20 minutes and then the autoclave was allowed
to cool to room temperature. The resulting product was analyzed for relative
viscosity (RV) end groups, and bis(hexamethylene)triamine (BHMT) level with
the results shown above in Table 2.

25 The product was then subjected to a melt stability test as described
above for Comparative Exampie C2, with the results summarized above in
Table 3.

Example 10.
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A mixture of adiponitrile (40.00 grams), water (33.26 grams). and

adipic acid (6.00 grams) was added to a 300 cc stainless steel autoclave. The
autoclave was pressurized to 300 psig with nitrogen and then the pressure was
released. This operation was repeated for a total of 3 times. The autoclave was
5  then pressurized to 300 psig with nitrogen, the pressure was vented to 10 psig
nitrogen and the autoclave was heated to 230 °C with stirring. After 6 hours at
230 °C, the autoclave was allowed to cool to room temperature. The autoclave
was opened and hexamecthylenediamine (68.46 grams of a 69.76 weight percent
aqueous hexamethylenediamine solution) was added. The autoclave was resealed.

10 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 mitrogen and then the pressure was vented to 10 psig
nitrogen. With stirring, the autoclave was heated to 270 °C with the vent set at
200 psig. After achieving 270 ° C, the pressure was reduced down to atmospheric

15  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),
end groups, and bis(thexamethylene)triamine (BHMT) level with the results shown
above in Table 2.

20 The product was then subjected to a melt stability test as described
above for Comparative Example C2, with the results summarized above in
Table 3.

In the following Examples adiponitrile hydrolysis level and products
were determined by high pressure liquid chromatography (HPLC) analysis.

25  Relative viscosity (RV) of the polymer samples was determined as a 8.4 weight
percent polymer solution in 90.0 % formic acid. Polyamide end group analysis
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 1n the art.
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10 b) adding a diamine to said hydrolysate formed in step (a) wherein the
amount of diamine is within 10 mole % of equimolar based on the
starting amount of dinitrile;

¢) heating the hydrolysate and diamine mixture in the presence of water for
a time sufficient to polymerize; and then

15 d) recovering polyamide characterized by low triamine content and
improved melt stability.

2. A process of Claim 1 wherein said dinitrile 1s selected from the group
consisting of adiponitrile, suberonitrile, sebacontitrile, 1,12-dodecane dinitrile,
terephthalonitrile, and methyl glutaronitrile and wherein said diamine is

20 selected from the group consisting of hexamethylenediamine,

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

3. A process of Claim 1 wherein said dinitrile is adiponitrile, said diamine is
hexamethylenediamine, and said dicarboxylic acid is adipic acid and wherein
said recovered polyamide (nylon 6,6) is characterized by a BHMT content of

25 below 1,000 ppm.

4. A process according to claim 1 wherein the catalyst is present in an amount of from
1 to 50 mole percent of catalyst based on dinitrile.

5. A process according to claim 1 wherein the catalyst is present in an amount of from

5 to 20 mole percent of catalyst based on dinitrile.



