;e3ex&u" " #$" $xF&6| &T&NS> as originally filed Production of polyam des 5

.This invention relates to a process for producing pol yam des from

hexanet hyl enedi am ne, am nocapronitrile and a di carboxylic i ' . The

. hydrogenation of adiponitrile in the presence of catal ysts”@@@ﬂlﬁﬂ’ﬁ”ﬂ”ﬂ”
extensively described. For instance, DE-A-196 31 521 descri

catal yti c hydrogenation of pentenenitrile in the presence of cafhen

nonoxi de. The resulting m xtures of 6-am nocapronitrile and

hexanet hyl enedi anmi ne, after their separation, may. be furtherwmmw’ﬂmﬂﬂmmo

produce nylon 6 and nylon 66. DE-A-43 19 134, for exanple, di

process whereby am nocaproic 15 acid can be reacted in the presenseont

het er ogeneouas oaiginallt fledb f or m caprol actam which in turn is used as

nmononer for produci ng nylon 6. Hexanet hyl enedi am ne and al so adi pic acid

are al so nonereriecbuitding—btocks—for—nytronmr66—2 o Another possibitity is

the direct hydrolytic polynerization of am nocapronitrile, in which case

am nocapronitrile may be reactpgodidtioNdF Ppolydmides presence of catalysts,

cf. DE-A-197 09 390. The di sadvantage with existing processes for producing
nylon 6 and—nylon 66 25 from am nocapronitrile and hexanethylenediamne is

the fact sthat, after the hydrogenation, the two conponents have to be used

separately ip.the respectiyv olynerizations. In additiaq t rs
nave to bu offihi CeBUPR: 5o o qhniiees Tocedonidts Bivaidesy e
cost - i nt ensihexanegthylahediamine 3minocaprarifriér and & ditarbpxygiceadid.i nvention to
provide a process for produci ng pol yam des by using adi ponitrile
hydrogenati on products in a conveni ent polynerization, not involving a
$epar ati on aFhehydregenadioogeh adipenitrile irp the presense pidcatalysts: hes begrect i s
achi eved gac cgughdidely YesBbé M VIHIhORNBY, BEPAQOBIR 521 dBSQHHESI RE dkAlyadi des,
whi ch conprises reacting, a xture conprisi ng hexamet hyl enedi am ne_and

ani nocapr onihﬁ@%e%@”ogf Reppenitgie, | o ’l?&eﬂg‘fa’ﬁ nof“%"ﬁ?nﬁ'?‘?l e
with water aedultingi mixtinesydf 6-amindcapromiteiteabhy, héxzendihdliengdiaminen aftext ur e

o any fur t HOPEREPRtoR e b NBARCATNASaTh HBaBIE YR, iBba i B o =

am noni tri | d3E-AdBpliSc13%i thr senbnpieadigdlgaesnadpracess: whayeby rarinogapedic on

X ure 18! S A BB @Al P 1RO hrBSYATE IIAABRIATbAS GRIVRE PRI ! o

into polyam de mxtures by reacting 1t 1n the ence nct i onal

aci ds such ERpsaiastam.adhichoin ttefeihtysad @Samoaom@raf% RRosuEng Bylog: Bps or
stages Wwhi chHaksmeihglcaeidRininedany 2165 tipic tfh®edrat als6 smanemetic PhERsng es. A
mul tiplicity,of h%dro&er?%i on m xtures can be used. According to the

i nvention, tHBHHICEAYPREY of 6-ani no-capronitrile and hexanet hyl enedi ani ne
in the hydrogenation mxture is preferably in the range from1:99 to 99:1,

20 pref ?roabwnathen%és's‘myg? ¥ HiroPANdrBiE bl rikrH8bA R Unfif sk Rde! O

90: 10. The am nocapronit exanet mne mxture IS customarily
obt ai ned by IRyHHeyEAR ARMNQEAPsMIre FTI'%/ e ERRded Withovalghithths, RIee8aeR Ohs
descri bed f afatgiys@dpte DRADROA08300938, DE-A B48,654 or US 5,151,543, It is
al so possible t0 use m xtures of various amnonitriles and diam nes. 25

The disadvantage with existing processes for producing nylon 6 and nylon 66
25 from aminocapronitrile and hexamethylenediamine is the fact that, after the
hydrogenation, the two components have to be used separately in the
respective polymerizations. In addition, the monomers have to be of high
purity, which generally necessitates an energy- and cost-intensive
separation.
30
It an object of the present invention to provide a process for producing
polyamides by using adiponitrile hydrogenation products in a convenient
polymerization, not involving a separation after the hydrogenation.



If desired, the reaction m xture may have added to it, at every reaction
.Stage of the process according to the invention, chain-extending,
-branchi ng and regul ati ng substances known to one skilled in the art, for
exanpl e nono=, bland trifunctional conmp@unds, UV and heat stabilizers,

pi gments, processing 3 0 aids, flane retardants, dyes or inpact nodifiers,
as described for exanple in DE-A-197 09 390. Chai n-extending, -branching
and -regul ati ng substances are preferably added to the reaction mxture
bef ore, duriWe bavaffownd that this ebjeckiscactieved ageordngstahe: ByenteRyMynd s)

S5 9, ARG B BANLY, R St hsian, B aiie

stages which™include c ) -3 According to'the invention,
the hydr ogenaemprisigxhaxanahviepedigstive andRMinOsapmniiala aed OBEURGE AR t h

wat er ands at tHeeﬁ'ﬁ;dr dliohurft hampahitaiel Gvith" watel Odd e Bb ebiarbddysic otcidne
process. Accordi to the inventign, the seqliserace of stags g’esfcrl b?ﬁ

her ei nbel ow PrfeEanly.adlae chydagepatiommidurg ysed ; cprags - uestly, oM, e ng) e
{eact or, or . ﬁ?cﬂ\‘ob@ﬁ?ﬁ?ﬂhmag'te &nd hia® rﬁiumealséulﬁeasteddb(m& further pudficatiqossi bl e
o carry ou ONe 0 e _steps i ; : se
preferred pr 3589@ ogﬁ%lpir%\@g_e$I?Q?y%{&i'ggélg#é%eﬁo&?%ﬁlhﬁngﬁ(@%%’ g@bﬁﬂgb@ ané‘.

hydr ogenat i ohexarethyenedidminanet hyl enedi ami ne and ami nocapronitrile with

wat er and, a di carboxylic acid to forma reaction m xture and subsequent
conversion at a tenperature i in the range from90 to 300C ﬂnd a pressure
at whi ch t heArkydrogenatianmixtere: oh Sraminosapeondiriigy ped| heyametirgaediaming o)
further convessiaNcéHveriad med pelyahife Mixiuies wfreﬁtﬁn%ﬁtlimth@tp@séﬁa@@fat ure
in the range from 23? to 400&?anda§1 .presaure at If& ai‘f)al qU|dI ar]ﬁj\ﬁaf
daseous phasBifghctionst acidsqSud 8aradiPEAY tht@r?ﬁ!ggﬁ' aGia Ke 3 PHAYMEY i qui d

phase, and 26tep3) oposthgesdehivht iape cHiarableripeddbyt cevtain utenperaturesmprdat ur e
of from250 to 310C and a pressure which is |lower than the pressure in step
(2). 25 e Qfeéﬁgr%'ll now be described in nore detail. (1 ) The

hydrogenation mxture is conpletely m xed with a bifunctional acid, :

preferably wat medueitg @;hgd(ﬂ%@aﬂéﬁ ShixthiBs EXRNBS Lustick Mddirdidgdigftnst ati ¢

m xers or in a stirre Ml ch _may, al so serve as, a feed 30 vessel. The
21 cont ent Inventian.dhgiMaR" £816,0f BENGroapr RIS RBRHRERABHEaPS ARG
Con]g:ent L at i ]g)m ﬂﬂ;ﬂhy@ro@eﬁhﬁmlbhwdredm;ﬁ@fetr@blyaa tirel F&]gpairtbrinc}lzlggriQ/QQﬂ,
prefera rom90.tp 110 %._ . base r .
hexanet enBEﬁTﬁrlﬂ% e'prﬁg‘e 9%890?5« iﬁ?@gpigﬁ’%@ F@Eﬁ)qggtoce}f) ?%?leﬁei n a
mol ar rati o amirodapoorpiemexamethyienadiarmine3mixture isheustamaslyf obiainedibyo 1: 6)
particularly & om: : r r begt@rl: 3.
preference bgyél@fggf@@rg tac()j '%Hsi,ql'tr}\"gel \%/g?%rra |rfb Eﬂ“ﬁ%@ﬁ@?&%ﬂ;&ﬁ?ﬁ? hg,ﬁ’r
ami nocapr oni examgleyndizr 836,98k Dy B38nd PHSR 41943 It is also possible
to use mixtures of various aminonitriles and diamines.
25
[f desired, the reaction mixture may have added to it, at every reaction stage
of the process according to the invention, chain-extending, -branching and -
regulating substances known to one skilled in the art, for example mono-, bi-
and trifunctional compounds, UV and heat stabilizers, pigments, processing
30 aids, flame retardants, dyes or impact modifiers, as described for example in

DE-A-197 09 390.

Chain-extending, -branching and -regulating substances are preferably
added to the reaction mixture before, during or after the first reaction stage,

35 whereas pigments, processing aids and dyes are preferably added to the
mixture after the stages which include catalyst fixed beds.



5 to0:15 20 25 30 35 The conversion of the reaction m xture takes place at
tenperatures in the range from 90 to 300C, preferably from 150 to 230C. The
pressure in this reaction step is preferably selected so that the m xture
constitutes a single liquid phase. The-Beactor used may for exanple be a
flow tube. The residence tinme in this reaction stage is up to i 0 hours,
preferably f t hour
(2) Further )ég rgrgztroc{hé i éﬁw@omhgﬁmﬁ% cgrp'hﬁ;d% @Q%\M bfer@c;ﬂ\%rijed 'ﬂtoérature
in the rangepcvly@rmomztpge@herow@ vpter éﬂdbﬂtyle%'foﬂﬁ@bofuﬂ@tloz&b@c'cbtn yamu%
pressure thaémaouin?émg dmﬁéep@egs@ Eécﬁcﬁelh@ Wﬁfee.r%ﬁnaﬁt ﬁie“§é|q@éﬁbet B¢

gaseous phase can epar at romt hase, residence tine in

he
this reacti o?fcBS dgeciRgshaeinhelowdakes B'ﬁcé(ﬂ'ﬁ"ﬁh a@f‘wﬁ?e L&t §HECCSHIPR he

reaction g enpesajingle @agtidrher rcdathedudly, eséur@ sudbesdivd heastee. ae i®faiso
pol ymeri zati on c@m re

e en on time. It
By kst th R Bt B Shagi etriPyBy Snpithe e FLLRRE
particularly preferably from0.1 to 3 hours The renoval of the gas phase
may be effec tirred separating tanks or tank
batteries an%%g?/@[rﬁyﬁggg%&;er\?ép%é fﬁ% sqégéjgfat uses, for exanple by neans of
circulatory evaporators or thin-filmevaporators, as by filntruders, or by

means ofy @annul ar d) SRl hkiddenaish " RiditeCBt Mol r‘i’ecihﬁﬁfﬁ{%]ace-

In certaln clrcu ances, recirc ctlon ture or the use

of a | oop reactor may WHWW'F@ uithavajer apd %%@Omtce%'%‘éform
Furthernore) the renmovategdtiohlinixeae s Meﬁ?cddﬂe?é]@ﬁ@ﬂa%nip@?at@@'“on
of water vapor or inert ti%as i nto theb ?@ng I f the de SW &1

pol ynerization is suf filciénfangsnfipm A %o EW!QI f Wﬁ?%‘rﬁea Wiichythe

di scharged from t he seeapstiors rigere tomstiui@std singhle ligeichphade,a gear punp,
cooled i,nn a waterbath and further processed in subsequent process steps

known to“one skilled in the art, for exanple by extrusion; extraction,
pi gment i ng, t enpe@ grther .@nvarsiomefsihe eoavesswnBtixtuse afhatepeébinat & ocess

step, the pressure cort@ﬁwmewtﬁé%r@éwfbmbzwm 400T aﬁ&%ﬁk&s@,uﬁé apat er
at the preselected te\r;@mcgt ulinHI hat™ wat er separation fromthe reaction

m xture i s possible o é”ﬂé\'@%ﬁ?%ﬁs F?Qﬁseeg(ﬁrﬂﬂt%'”%osgﬁq{ﬁﬁ'%o 5 Hi gh

degrees of pol yneri zatthemgaseopns ptase frons theslidui¢ phadevender, then require a
further,, third stage enabling an effective condensation of the reaction

m xture % | ow pressures. (3) The renoval of the resulting water of
condensation is ef)epastcondenshtion ®f the produck mixiune lahal temperatuee offromd st ep

by the use of stirred g, %B‘§ib“(‘5%ﬂd3§8fé§,h'ré‘9¢rﬁ l@lo%ﬂ@fﬂ#@ﬁé’s@h@ and

by the use of evaporat.or ar at uses exanple by cir ato
evaporators or by thi ADste ?e)vaporators as by filmruders, or by annul ar
di sk reactors whi ch ensure an enl arged phase interface. In certain

[ t 1 t i xt f I
Feact or 2y Do RepBIHLFONNS BRe ot FrbSRRALBR: 1 &1 ace. Furthermore, the
renoval of vvater can be furthered by the addition of inert gas into the
liquid dt h t
nthe rangelfr om 350 ICRG fion MARGRELS CBridRABE A Sy 3 BGIRGY o0
and the reaction %ﬁ'@s@&fﬁé’aBWé’F@ adipic 41%@53'?%)&@92, f%rexaﬂﬂfée &'dib\ﬁéeﬁéfé@fl bed
process may be praggsienixBhs ohan sd efifred@f tankalvhithxinizg 8ot §&vBYAS QesR] | on

mxture o hocar Byl gncom e 2o BN ARG L Lo ek
pressure in the rlexgendthglenédibmine 1éoncehb@atita, arid)is fprefdrablycfromessi tn  of
the conversion m xair oyl K8hfRiRY) prdferdbly from 90 to 110 mol%, based on the
molar amount of hexamethylenediamine used. According to the
invention, water is used in a molar ratio of aminocapronitrile to water
35 in the range from 1:1 to 1:6, particularly preferably from 1:1 to 1.4,
most preferably from 1:1 to 1:3, preference being given to using water



30 tenperature in the range from 200 to 350C and a pressure which is | ower
than the pressure in step (a) and is adjusted so as to obtain a liquid and
a gaseous phase, separation of the gaseous phase fromthe |iquid phase, .
35 (c) mxing of the resulting conversioa-mxture with a dicarboxylic acid
to forma reaction m xture and subsequent conversion of the -6 reaction

mxture simlarly .to ( ( a (3)..; Lihe n IS
other preferred e od%@%?' og’a%%% @”oc@s,%@é%%‘?ﬁ@@é{%rg" F tﬂ tﬁé.'
hexamet hyl enedi ani marogenatipamabditune. mi xture is reacted with water but

W thout the addition of the bifunctional acid in one or two process
prestages, and the resulting product mxture is then conbined with the
desired acids, preFhe ganyergiontofdbiegeactian anixtaiedtalses plage akigmperatises in
above- deseri bed prifgessngs! #8RF 0L ta -300°L, ;Sreférabﬁr ﬁéhagso(@a dapetherhd r st

prestage, the hydrogenation m xture 1S hea a tenperature

at
of from90 to 4oocpre§$térﬁénamsyea¢t'qr}eﬁpieerqferaﬁsoee'epw 18P fat the MIgrreys
from 220 to 270C, corétitutes asag& uua rpwasa Ihécreé&oxub@a may for ekarmpld y
d pesid

from1l to 10 x 10 Pa, es e lmIe {'\thl Eeagﬁﬁﬂoséi%‘?&f-’?%ﬁcﬁi di ng -

to the invention, f"e VY
water in the rangehdursnpmferabty from, OpahotiBmu:aerlgarmmaréy amfprabiy)rﬂnom!)to
1:4, 2 o ppst prefarafly, from1:1 to 1:3, preference being given to the use
of water 7i'n excess@ based on the am nocapronitrile used. Pressure and
tenperature are preferably adjusted to each other in such a way that the

reaction mxt he A drt %ﬂ%et%uﬁ'i NG qhd | Géh%rﬁms%lxﬂé re;'feéerpr ed g %
enbodi ment for 'this S|ngle ph roc esired Packed

SS |
T EhCt e her of nbol GIRRSRS Todne 5aags Formane o0, PiRtesnbly Foim 440 Fo
embodi ment of thi spg0°@yeat s@mh%p\*&s@r@lth&tn@ﬁqaﬁmtﬁawanaléga@@omﬁﬁph&ﬁ@d

e, A o R SRR R B el A SR e BTN o
m xture, while t heprmem rphldeece imedndhisdeadtion sfagesiepephaoe, thaiwatar

consi sts essenti allgp hﬁxtﬁF@' M’?‘ttﬁé ré!é’cﬂ%rn’ tén%p&%ﬂf-‘réaérlld’ th& TRN&Hr
conti nuously usi ng a d| st at1 on appar at us, (n;am c const| tuents of
the distillate vvth,fﬁS%"@ %‘B—? Bﬁﬁbﬁdqufﬁq HEPQUUP%BE‘BP desyedifef the gadyst 35

\% eldlom nant | yt :JHCOétVtﬁelt@gj @fY{HEOfHdctl?h me@dt @?pﬂ@tﬂyh@uﬁ%dlp?éfeﬁml y imyhede
olly or, partly recycled in e firs resta i

subsequer?t stages 6 i’%@‘tgaoég‘ﬁa%pa%‘@@ %F%f%fagﬁ/efo ég goég]q“ir%d out
using a pressure which is greater than the vapor pressure of pure water and
hexanet hyl enedi ami i I t he
reaction m xture, TJWEE Y{}h{i\l?al O?t haﬁggﬁ%‘ggtﬂﬁw E?HEJ}EC{% @{mﬁia&ﬁ@%r
ammoni a. A parti c Winstiriedp separatiog éﬁ‘fﬂ@dqurel?ﬁn opaftﬁ63$ v@ﬂ%h%)éethﬁr yeedaf e
utilizes an upri QMVa‘dowo?uappaﬂatu%Bschfdrhaeﬁahwel Pyl Iméaes uaf/vac-ebl.datbqptl on

and_whi chygl 1 desi &l A050AP8Y i A B8R0 AL B} | il UL or BYSRLA% P 92
annular disk reactors, which ensure an enlarged phase interface. In
certain circumstances, recirculation of the reaction mixture or the use
of a loop reactor may be necessary to enlarge the phase interface.
Furthermore, the removal of the gas phase may be furthered by the

30 addition of water vapor or inert gas into the liquid phase.
If the degree of polymerization is sufficient, then the polymer melt
obtained can be discharged from the second stage, for example by
means of a gear pump, cooled in a waterbath and further processed in
subsequent process steps known to one skilled in the art, for example
35 by extrusion, extraction, pigmenting, tempering.



1 o renoval. This tubular reactor may be conpletely or partially packed
With catal yst material, especially catalyst pellets. In a preferred
enbodi ment, the upright reactor used for the two-phase procedure is
maxi mal | y packed with catalyst materialsup to the phase boundary. 15
According to the i nvention, the aminonitrile- hexanet hyl enedi am ne- wat er

h h h bef b h
flrst stage It s Rgashys EBGREAR Aoing ReSarl Atiiee febriRBlidne
hydr ogenati on ni xtarrespandst ke thet equilibyiued s@pbe pressece s¥pavaier|at thﬁbm each
other and m xed '&e&@@c ld #mg %} gﬁguﬁbqﬂawtﬁgsgﬂﬁgﬁgﬁSfr%nmhgh"éaﬁﬁoﬂ dence

time of the reaction mx ure s In the
range from 10 ni roibdgret is rmswdar@\yerpa élﬁ’\éEaQﬂfgﬂd af foreexanple 190 MiBAtes: nut es
to 6 hours. Ther?ﬂfgﬁ 5@%’&%§tdf éfb{l)}rﬁénﬁtfotﬁ 6@9?5 cf 9|SEB§itlé§Sh6Wé@ér there. 25

2. Prestage (b) IS prefera %use when ction
mxture in the flflegﬂ"ﬁrae%méé tbtiﬁﬁ@g%?@%blli‘gs@ﬁ\@ @CtNeq‘éFPQFefSﬁéE@“ o rdi ng

to the invention, ehBfof fiNEFS hORWHrEsHnRsObt ai ned in the first prestage is
then further converted in 3 o0 prestage 2 at a tenperature of from200 to

350C, preferably at a tenperature in the range from 210 to 300C, especially
in the range@jronT ii’é%@emovﬂ?tﬁfﬁheanwubmgrwmuroé cohdehsation isveffediédim thee
pressur st ag t
Pressutsy T So29nhy SRS FRERIAIRE SBEETTUIR LT GSBP TR bRaRAREL |
generally in the scmgetlrfg danies @rota:nkt baterigs ands bvathqoweepétﬁ\gamfatphe

range from 0.5  apiariitubell (dfex B @b@t'émeunaioyﬂevéwaﬁ)r&r&”b? thih-fink 106

Pa. nper at pressure are”sel ected in st as to obtain
a gas phase and ae‘{amﬁlﬁ@fﬁ)hﬁ%é’yaﬁ'ﬂmif Y/alfir DY rARnylar gﬁgs'@atc e WL at ed
IL om t he }I qgl d pém.ed e %mtThma éﬁquha@té tlﬂﬂ@{f@@i nhas?n@w @ﬁ:mﬁétantwdb%
e use stirred or stirr ara anks or y
the use 1r evaporaerulfiia ot 888 it BE UBg b A ?ia&r‘f?'f Yy ;
evaporators or tmece‘ssamm/mﬂ@nmttbes)hase lhlyzrfacemmembm_lmeo ebprmeah e of
A ok o C2kAoP calfbe Rt By AR U AL B PRAGad MGt GEuid dneper tal n
U A U SO M RS WA DS R M Y
| oop reactor nmay nor e,
the renoval OI t pegamgen tmﬁqr@o ke J1orOhes aaﬂ?lhmn fme&ddbtyl frompf270ater
vapor or |ner g ase. era sure is
adj usted%at a prgg%(}g{: Gqﬁéﬁﬁ%{ﬁ){h&@%weﬁ{& erghly 3%9 {B‘Pgs‘gbgi is bel ow the
equi li brium vapor pressure of ammoni a, but above the equilibrium vapor
pressure of t he
pr edet er m netﬁféﬁ{%‘é‘fg?ﬁﬁ?@wﬁ%aﬁﬂ'w Pﬁﬁ%égwﬁgé%‘gg @%r especially

renoval of ammonia and thus further speed up the hydrolysis of the acid

am de groups. r |,ﬁ&tJ ar ﬁlh@ SARVMRNShadiaming ure in
stage 2 should be@Pﬁn%rgd S{;nﬁ@ h?&ﬂoééﬂﬁﬁoﬁ o0 > wref erably in

the rand® from 30 ni nA¥%2 °§alﬁ’6?ﬁ'§+e Wr'}b "?’%tgf 3@§§Hb??wéerft§pﬁ‘3?rs§%ﬁ ct to
any restrictions. 2 5 dhempe@tiuretinltheeangd fvoano0 e 40076 tanarad peassong in
prestages may contain | e ughe Raschig rings or Sul zer

m xi ng el enents to al I@%ﬁ%ﬁ%@h gﬁqéipszngpo%%m t he conversion m xture
into the gas phase. This applies especially to the single-phase procedure

of he 11 7St Stagg) GloTNorbais oromd cBRicisionusithe 3 B 19) oy o

terephthalic acid Whl C accor Invention are é cg used for
further 3onversi on ar cefPasAUR t"h thagapaRErgi 20 1R #P0re MDA PIRSSHF®st ages

prior to the 5UbSeqUer\hhl@h%%ﬁeﬁﬂﬁﬁ&ﬁe(gﬁé@sﬁb%%}ep (é)lawdwadaestwrm usi ng

for exanple static or a mx the ro uct omthe
prestage with an 3 5 a%%g%nb%%{ fﬂu'gc?%‘f@rg?%eroé‘ﬁh? A9 Cse&)@?%togo EI %n.
desired, the acid may @émub@hwedrmrdtm liqudlphase, t he second prestage,

whi ch shoul d be equi pped with m xing or stirring el enents. g

35 (c) mixing of the resulting conversion mixture with a dicarboxylic acid
to form a reaction mixture and subsequent conversion of the



The conversion can be carried out in one or nore of the stages in the
presence of a netal oxide fixed bed catalyst: 5 Fixed bed catal ysts are
preferably used in the reactors of the first prestage and of stage (1 ).
But, if desired, they nay al so be used-ign- the other process stages. The
catal yst - packed reactors are preferably operated with a single liquid

phase. 10 Preference for ur poses., of e inv i onst ed
acid catal ysts sel ect effaﬁi'Bﬂ]'ﬁ'xﬁE?é'@g%rw E%Stegﬁe@? @?Bpga(?gag%ﬁﬁg% oxi de
or titanium di oxi de cagbbyst. It is also possible to use m xtures of these
catal ysts. The titanium di oxide catal ysts preferably conmprise from70 to
100% by wei ght of anatase and 0-30% by wei ght of rutile, wherein up to 40%
by 15 wei ght Iro1th|s rathet paefereddempodinentyobéhe opveassd thg aningeariendsilede. | f
ot e e ot mee%dgﬁbdrﬁmﬁsﬁ?drotdéﬁafléﬁcﬂlﬁlﬁ’reofls ar?%t%%ev«htﬂ Watet iggni um

.di oxi de cata yst ossi b erence 1s glven to
usi ng a pur ewihautlbe adsditigryet they t?' LHW&'OB% A7 pneor fwaPrespRsaprRstages,

inpurities, HRY tﬁé&é@ulﬁnér Badcttrﬁuxﬁfiﬁebrs‘ thehakBmihed IWitH the @esirgd efcidsnce is

given to usin o dj oxi de cata 0 m xture of
anat ase and p?ﬁfeqagy W%T"’B’QBIW"* r?é‘%%%h’@?é’%ﬁé%%%ﬁ%%e B?E?HWPE?%@% by
wei ght and t bragest(i)-43f:raction from 20 to 30% by wei ght. Particul ar
preferegl&e is given in this case to a titanium dioxide catalyst conprising
about 7 by wei ght of anatase and about 30% by wei ght of rutile. The
cat al yst prefler abPyestagedapore volune of from0.1 to 25 5 m/g,
particularly preferably fromO0.2 to 0.5 nl/g. The average pore dianeter is
preferably from0.005 to 0.1 nm, particularl refera m 0. 01 to 0.06
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tungsten oxide is used, up to 40% by weight, preferably up to 30% by
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conposition, fornmulated in 4 mmextrudates and cal cined, is 100%
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strength by t n
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96% st rengt hS¥gPBuric acid, at 25C using an Ubbel ohde vi sconeter.
Unextracted polynmers are dried under reduced pressure for 20 hours prior to
analysis. 3 5 For extraction, 100 parts by wei ght of polycaprol actam are
stirred with 400 parts by weight of conpletely iron-free water at 100C for
32 hours under



-11 reflux and, after renoval of the water, dried gently) i.e., wthout
ri sk of postcondensation, at 100C under reduced pressure for 20 hours.
Process- managenent 5 The process exanples were carried out in a stirred 1
liter autoclave. In Exanples 6 to 10, wgter is fed continuously into the
reaction mxture for a defined interval via the reactor exit. 10 The
conpositions of the reactant m xtures and the relative viscosities of the
products produced according to the respective processing nmethods are
tabul at ed. HVReitwolphasegdrogkdneds prefeeablp@irded ootagingai prestereawtichDa

and t he- aut ofERE e e vaPor,BRARHALoF ol fsibl AH IR A EO RS, Coer.
The mi xture ivhichhis assdciated with dbe thark itampheaturex pb dwd reastianr maduteo rbut
tenperat w 28%83%%i@éqgm g,aggggé%s%g?%prMg ature is subsequently

rai sed to react or means of a control valve to
such an extent that the internal pressure adjusts to 18 bar. After a

reaction ting of rtléulaﬂgrpréh#réif 8sbtifném éﬂ‘ﬁ]eaN\Pd)Eﬁé’éée tcﬁaédwmﬁzés)aﬁ he
anbi ent pressure of a
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wat er bat h, peesirsd 4r @bdvérth@dprcﬁwmdnﬂla 3 furthee opemiiguribs garse phase oduced
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a reaction t catalyshimaterial, espodiafly catalysspedletsTHe ar peaferrech enmqwn&nnrtbel S
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control valve an extent t'er nal pres%re a jUStS to
18 bar. Aft efatalystaatedal up tecthgrphaseh@undasy.pr essure in the autocl ave is

| ower ed to about 5 bar over 30 m nut es and subsequently to ' -12 about 1
bar over The ner then ndensed at 280C for, 45
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5 The react antigumy & heateddusiag 4 héat emmgpcbewm being ibtredacdd aitavthei s

seal ed, de- apiedeapl 1 ROGA Vo SbURREIL Wk (et AER TS RaKIdth chd e

seal ed reactor en exposed reacti on era
hours. The rbn@'og@ﬁawnmmrar@d thes waderqnayt aiﬁom Seatedosepmetelyidrae

reactor is gach other and mixed in the first stage using mixing elements.
20
The residence time of the reaction mixture should generally be set so that it
is in the range from 10 minutes to 10 hours, preferably in the range from 30
minutes to 6 hours. There is no restriction with regard to the residence time.

25 2. Prestage (b)

The second prestage is preferably used when the reaction mixture in the first
prestage constitutes a single liquid phase. According to the invention, the
conversion mixture obtained in the first prestage is then further converted in

30 prestage 2 at a temperature of from 200 to 350°C, preferably at a
temperature in the range from 210 to 300°C, especially in the range from 230
to 270°C, and a pressure which is lower than the pressure in stage 1.
Preferably the pressure in the second stage is at least 0.5 x 10° Pa lower
than the pressure in stage 1, and the pressure is generally in the range from

35 0.1to 45 x 10° Pa, preferably in the range from 0.5 to 15 x 10° Pa, especially
in the range from 2 to 6 x 10° Pa.



1 o opened by neans of a control valve to such an extent that the internal
pressure adjusts to 18 bar. After a reaction tinme of 1 hour the pressure in
the autoclave is |owered to about 5 bar over 30 m nutes and subsequently to
about 1 bar over 1 hour. The polymer nelg-is then postcondensed at 280C for
20 m nutes and then extruded into a waterbath, pelletized and dried. 15
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of 215C for ?hé‘ﬁ’c%[ hhBg reaction tenperature is subsequently raised to
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280C and the re I's opened by means of a control valve to such an
extent that the |nternal pressure adjusts to 18 bar. After a reaction tine
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g of water2.4784 g of ADA66gof HVD150 of ACN2150 g of water2.1584 g of
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fol | owed by waliés gedupsppi ng. A piston punp neters water at a rate of 60 g/h
into the,treaction m xture. After 2 hours the water stripping is term nated

and the ?p essure in the autoclave is lowered to 1 bar over 1 hour. The

pol ynmer nel t The prefenredoiesigencd tione faydhe cndeersion mixture instage 2 &hmllmbers at

270C and subgeqiiepidde ¢ohd "I‘éeﬁinndééé 't@td ﬁﬁgrsa[}ﬁeférréﬁlg mlﬁg rahnéé hes 7
to 9 The reactants 4a e i nt roduc aut oc ave is
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in the 5 seal ed reactor is then exposed to a reaction tenperature of 270C

f I d adj h | :
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autocl ave is I's then
conver ted or apBlasevRRNIRIOTae SEgie-phase procedure of the first stags.

30 The bifunctional acids such as adipic acid or terephthalic acid which
according to the invention are to be used for further conversion are mixed
with the conversion mixture from the prestages prior to the subsequent
process stages (see above). This may be done using for example static or
dynamic mixers which mix the product stream from the prestage with an

35 aqueous adipic acid or terephthalic acid solution. If desired, the acid may
also be metered directly to the second prestage, which should be equipped
with mixing or stirring elements.



further hour at 270C and subsequently extruded, pelletized and dri ed.
Exanpl e 10 15 The reactants are introduced into the autoclave, and the
autocl ave is sealed, de-aired and repeatedly flushed with nitrogen. The
reaction mxture 'is then heated up in_ghe sealed reactor. Inmrediately on
attai nment of a product tenperature of 270C a control valve is opened to
adjust the .internal reactor pressure to 30 bar over 30 mnutes. This is
foll owed by water stripping. A2 0 piston punp neters water at a rate of 60

g/ h into therreawhiversidh Xarr Be ééfrh@di duthipubae tdremeaé eof ther sizigeByin the

ternm nated and the fess%f a & gutoc% e[ is lowered to 1 bar over 1

hour. The poPfPSERC a} pdle fixad OPp &gtalys post condensed for one further

goulrzxat i27(())8: and subsequently extruded, pelletized and dri ed. -15 Tabl e
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reacting a 5“%'@(9(]3%9 .conpri si ng hexamet hyl enedi ani ne and ami nocapronitrile
and obtained fromthe hydrogenation of adi pon| trile with water and a

di carboxylic_acid. 2. Otw ocess as ¢

¢ {j% claim.1l, wherein t($1e .

hydr ogend i oRT&IPseNGe efar dihgs BHIRASRE SO %df‘Y?/" foi"oﬂﬁ tgr‘l‘éé%%r%@éﬁéq 't age
alnd haz not (lbeﬁ_alyswbpmte&ﬂ fitom aa ybdtardebtie, hadtisidightey nalutindmpogideser as |
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or "t er epht na Rl afcdRo A \fs i SOEMIBIN st il bF eseoatahpis? 7!
wherei n t he Gheuitaniom dimad@mqtalvatSagreien‘a@lyf ICOMBBEt 6’0!!5(7 Oy 94005a st on
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conver si on aanatase catalyst. If the amlnonltrile used contains impurities, for example
from 1 to 3% by weight of impurities, preference is given to using a titanium
20 dioxide catalyst which contains a mixture of anatase and rutile. Preferably
the anatase fraction is from 70 to 80% by weight and the rutile fraction from
20 to 30% by weight. Particular preference is given in this case to a titanium
dioxide catalyst comprising about 70% by weight of anatase and about 30%
by weight of rutile. The catalyst preferably has a pore volume of from 0.1 to
25 5ml/g, particularly preferably from 0.2 to 0.5 ml/g. The average pore
diameter is preferably from 0.005 to 0.1 mm, particularly preferably from 0.01
to 0.06 mm. If high viscosity products are used, the average pore diameter
should be large. The cutting hardness is preferably above 20 N, particularly
preferably >25N. The BET surface area is preferably above 40 m?/g,
30 particularly preferably above 100 m%/g. If the BET surface area chosen is
smaller, then the bulk volume chosen shouid be correspondingly higher in
order that adequate catalyst performance may be ensured. Particularly
preferred catalysts have the following properties: 100% anatase; 0.3 ml/g
pore volume; 0.02 mm average pore diameter; 32 N cutting hardness;
35 116 m?/g BET surface area; or 84% by weight anatase; 16% by weight rutile;
0.3 ml/lg pore volume; 0.03 mm average pore diameter, 26 N cutting
hardness; 46 m%g BET surface area. The catalysts may be prepared from




30 tenperature in the range from90 to 300C and a pressure at which the
reaction mxture constitutes a single liquid phase, (2) further conversion
of the .conversion mxture of step (1 ) at a tenperature in the range from
230 to 400C and a pressure at 3 5 whichy@.liquid and a gaseous phase are
obt ai ned, separation of the gaseous phase fromthe |iquid phase, and -17
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The examples hereinbelow illustrate the invention:

25 Examples

Analysis

The relative viscosity (RV), a measure of the molecular weight buildup and

the degree of polymerization, is measured in 1% strength by weight solution
30 in the case of extracted material and in 1.1% strength by weight solution in

the case of unextracted polymer, in 96% strength sulfuric acid, at 25°C using

an Ubbelohde viscometer. Unextracted polymers are dried under reduced

pressure for 20 hours prior to analysis.

35 For extraction, 100 parts by weight of polycaprolactam are stirred with 400
parts by weight of completely iron-free water at 100°C for 32 hours under
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The process examples were carried out in a stirred 1 liter autoclave. In
Examples 6 to 10, water is fed continuously into the reaction mixture for a

defined interval via the reactor exit.

10 The compositions of the reactant mixtures and the relative viscosities of the
products produced according to the respective processing methods are
tabulated.

HMD is hexamethylenediamine, ACN aminocapronitrile and ADA adipic acid.
15
Example 1

The reactants are introduced into the autoclave, and the autoclave is sealed,
de-aired and repeatedly flushed with nitrogen. The mixture in the sealed

20 reactor is then exposed to a reaction temperature of 215°C for 2 hours. The
reaction temperature is subsequently raised to 280°C and the reactor is
opened by means of a control valve to such an extent that the internal
pressure adjusts to 18 bar. After a reaction time of 1 hour the pressure in the
autoclave is lowered to the ambient pressure of about 5 bar over 30 minutes.

25 The polymer melt is then postcondensed at 280°C for 60 minutes and then
extruded into a waterbath, pelletized and dried.

‘Example 2

30 The reactants are introduced into the autoclave, and the autoclave is sealed,
de-aired and repeatedly flushed with nitrogen. The mixture in the sealed
reactor is then exposed to a reaction temperature of 270°C for 2 hours. The
reaction temperature is subsequently raised to 280°C and the reactor.is
opened by means of a control valve to such an extent that the internal

35 pressure adjusts to 18 bar. After a reaction time of 1 hour the pressure in the
autoclave is lowered to about 5 bar over 30 minutes and subsequently to
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e reactants are introduced into the autoclave, and the autoclave is sealed,

de-aired and repeatedly flushed with nitrogen. The mixture in the sealed
reactor is then exposed to a reaction temperature of 215°C for 2 hours. The
reaction temperature is subsequently raised to 280°C and the reactor is
10 opened by means of a control valve to such an extent that the internal
pressure adjusts to 18 bar. After a reaction time of 1 hour the pressure in the
autoclave is lowered to about 5 bar over 30 minutes and subsequently to
l about 1 bar over 1 hour. The polymer melt is then postcondensed at 280°C
for 20 minutes and then extruded into a waterbath, pelletized and dried.
15
Example 4

The reactants are introduced into the autoclave, and the autoclave is sealed,
de-aired and repeatedly flushed with nitrogen. The mixture in the sealed

20 reactor is then exposed to a reaction temperature of 215°C for 2 hours. The
reaction temperature is subsequently raised to 280°C and the reactor is
‘opened by means of a control valve to such an extent that the internal
pressure adjusts to 18 bar. After a reaction time of 1 hour the pressure in the
autoclave is lowered to about 5 bar over 30 minutes and then to about 1 bar

25 over 1 hour. The polymer melt is then postcondensed at 280°C for 50
minutes and then extruded into a waterbath, pelletized and dried.

Example 5

30 The reactants are introduced into the autoclave, and the autoclave is sealed,
de-aired and repeatedly flushed with nitrogen and then heated. After the
reaction temperature of 280°C has been attained the reactor is opened by
means of a control valve to such an extent that the internal pressure adjusts
to 18 bar. After a reaction time of 1 hour the pressure in the autoclave is

35 lowered to about 5 bar over 30 minutes and to about 1 bar over 1 hour. The
polymer melt is then postcondensed at 280°C for 15 minutes and then
extruded into a waterbath, pelletized and dried.
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Example Composition Relative viscosity
1 150 g of water 2.47

84 g of ADA

66 g of HMD
150 g of ACN
2 150 g of water 215
84 g of ADA
66 g of HMD
150 g of ACN
3 150 g of water _ 242
134 g of ADA
106 g of HMD
60 g of ACN

4 150 g of water 1.88
33 g of ADA

27 gof HMD
240 g of ACN
5 150 g of water 1.88
84 g of ADA
66 g of HMD
150 g of ACN

Example 6

The reactants are introduced into the autoclave, and the autoclave is sealed,
de-aired and repeatedly flushed with nitrogen. The reaction mixture in the
sealed reactor is then exposed to a reaction temperature of 270°C for 1 hour.
A control valve is opened to adjust the internal reactor pressure to 30 bar
10 over 30 minutes. This is followed by water stripping. A piston pump meters
water at a rate of 60 g/h into the reaction mixture. After 2 hours the water
stripping is terminated and the pressure in the autoclave is lowered to 1 bar
over 1 hour. The polymer melt is then converted or postcondensed for a
further two hours at 270°C and subsequently extruded, pelletized and dried.
15
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water at a rate of 60 g/h into the reaction mixture. After 2 hours the water

stripping is terminated and the pressure in the autoclave is lowered to 1 bar

10 over 1 hour. The polymer melt is then converted or postcondensed for one
further hour at 270°C and subsequently extruded, pelletized and dried.

[ Example 10

15 The reactants are introduced into the autoclave, and the autoclave is sealed,
de-aired and repeatedly flushed with nitrogen. The reaction mixture is then
heated up in the sealed reactor. Immediately on attainment of a product
temperature of 270°C a control valve is opened to adjust the internal reactor
pressure to 30 bar over 30 minutes. This is followed by water stripping. A

20 piston pump meters water at a rate of 60 g/h into the reaction mixture. After 2
hours the water stripping is terminated and the pressure in the autoclave is
lowered to 1 bar over 1hour. The polymer melt is then converted or
postcondensed for one further hour at 270°C and subsequently extruded,
pelletized and dried.
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7 150 g of H,0 3.60
134 g of ADA
106 g of HMD
60 g of ACN
8 150 g of H,0 2.98
‘ 117 g of ADA
93 g of HMD
_ 90 g of ACN
9 150 g of H2O 3.73
150 g of ADA
120 g of HMD
30 g of ACN
10 150 g of H.O 3.52
134 g of ADA
106 g of HMD
60 g of ACN
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2. A process as claimed in claim 1, wherein the hydrogenation mixture
10 used comes directly from the hydrogenation stage and has not been
subjected to any further purification.

3. A process as claimed in claim 1 or 2, wherein the dicarboxylic acid
used is adipic acid or terephthalic acid.

15

4. A process as claimed in any of claims 1 to 3, wherein the amount of
dicarboxylic acid is from 50 to 150 moi%, based on the amount of
hexamethylene-diamine in the mixture.

20 5. A process as claimed in any of claims 1 to 4, wherein the water is
used in a molar ratio of from 1:1 to 6:1, based on the
aminocapronitrile.

6. A process as claimed in any of claims 1 to 5, comprising the steps

25 of:

(1) mixing of the hydrogenation mixture of hexamethylenediamine

and aminocapronitrile with water and a dicarboxylic acid to

form a reaction mixture and subsequent conversion at a

30 temperature in the range from 90 to 300°C and a pressure at
which the reaction mixture constitutes a single liquid phase,

(2) further conversion of the conversion mixture of step (1) at a

temperature in the range from 230 to 400°C and a pressure at

35 which a liquid and a gaseous phase are obtained, separation
of the gaseous phase from the liquid phase, and
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7. A process as claimed in any of claims 1 to 5, comprising the steps

of:

(a) mixing of the hydrogenation mixture of hexamethylenediamine
10 and aminocapronitrile with water and subsequent conversion
at a temperature in the range from 90 to 400°C and a

pressure in the range from 0.1 to 15 x 10° Pa,

(b) further conversion of the conversion mixture of step (a) at a
15 temperature in the range from 200 to 350°C and a pressure
' which is lower than the pressure in step (a) and is adjusted so
as to obtain a liquid and a gaseous phase, separation of the

gaseous phase from the liquid phase,

20 (c) mixing of the resulting conversion mixture with a dicarboxylic
acid to form a reaction mixture and subsequent conversion of
the reaction mixture similarly to steps (1), (2) and (3) of claim
6.

25 8. A process as claimed in any of claims 1 to 7, wherein the conversion
is carried out in the presence of a metal oxide fixed bed catalyst in
one or more of the steps.

9. A process as claimed in claim 8, wherein the catalyst is selected
30 from beta-zeolite, sheet-silicate, aluminum oxide or titanium dioxide
catalysts.

10. A polyamide producible by a process as set forth in any of claims. 1
to 9.
35



