14 0CT 2003 1 METHOD FOR THE PRODUCTI ON OF POLYAM DES 5 Thi s invention
relates to a process for produci ng pol yani des from hexamet hyl enedi dnd BET 2003
am nocapronitrile and a dicarboxylic acid. The hydrogenation of
adiponitrile in the presence of catalysts has been 10 extensively

descri bed. For instance, DE-A-196 31 521 describes the catalytic

hydr ogenati on of pentenenitrile in thd-presence of carbon nonoxide. The
resulting m xtures of 6-am nocapronitrile and hexanet hyl eneddi am ne, after
their separation, may. be further converted to produce nylon 6 and nyl on
66. DE-A-43 19 134, for exanple, discloses a process whereby am nocaproic
15 acid can be reacted in the presence of heterogeneous catalysts to form
caprolactam which in turn is used as nononer for producing nylon 6.
Hexanet hyl enedi am ne and al so adi pic acid are al so nononeric buil ding

bl ocks for o TR } ' : '

pol yneri zati on of am nocapronitrile, in which case am nocapronitrile may

be reacted with wat | I ?ﬁ) EPOLYRAMIDES A-1 97 09 390.
The di sadvant age w'ﬁﬁ@é?ﬁgﬁﬁ ss‘gis"q'grésgér)o uci ng nylon 6 and nyl on 66
25 from am nocapronitrile and hexanethyl enediamine_is the fact that, after

t he hydrggenation, the two conponents have to be used separately in the
respective polynerizations. In addition, the nonomers have to be of high

purity, whi dhigewention mriaessiloaBePraress elogy Profsing seelyamides Jeom

separati on. nahfettifeRbdisfingfarkiR8cpeaRile drtv# Bicafioxylic peidvi de a process
for producing polyam des by using adiponitrile hydrogenation products in a
conveni ent pol ynerization, not involving a separation after the

hydr ogenat i dihe hy¢d@GENDOOE & Héipbaitdief inutie tpnesencei of objalysts imsabrerved
accor di Pyt %x]ié]ﬁ:i\}ew 88§érﬂfé&?¥o?instance, DE-A-196 31 521 describes the catalytic
hydrogenation of pentenenitrile in the presence of carbon monoxide. The
resulting mixtures of 6-aminocapronitrile and hexamethylenediamine, after
their separation, may.be further converted to produce nylon 6 and nylon 66.
DE-A-43 19 134, for example, discloses a process whereby aminocaproic
15 acid can be reacied in the presence of heterogeneous catalysts to form
caprolactam, which in turn is used as monomer for producing nylon 6.
Hexamethylenediamine and also adipic acid are also monomeric building
blocks for nylon 66.

20  Another possibility is the direct hydrolytic polymerization of aminocapronitrile,
in which case aminocapronitrile may be reacted with water in the presence of
catalysts, cf. DE-A-197 09 320.

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.



process for producing pol yam des, which conprises reacting a m xture

_conpri sing hexanet hyl enedi ami ne and ami nocapronitrile and obtai ned flirdo@{B200)
t he hydrogenation of adiponitrile with water and a di carboxylic acid.
Preferably, the hydrogenation m xture used cones directly fromthe

hydr ogenati on stage and has not been subjected to any further purification.
The process provides pol yam des based on amnonitriles, adipic acid and
hexanet hyl enedi am ne. 10 A hydrogenation m xture of 6-am nocapronitrile and
hexamet hy| engi haveéourahthatethisoobjectt is cachigvedoatgardingetonthet iovestidsy by @act i ng
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char act er i zecorprisiag trmmmeéh]denadlamse and amipoparrosiifilesandrokiaingdfrP@ ty of
hydrogenaf i ofgmph I'Héfe?‘lacflﬁﬂ e H&lggﬂnﬁéCWtﬂ Waté:o e al ﬂ\&ﬁﬂidx?l'b adg. nol ar

rati o of 6-am no-'ca rtril yl enedi am ne

hydr ogenat i oRraiesably e the bY@PQ?ﬁ%‘FCV‘ i RAWE rUSeGe GOMRH 1d'§ﬂFﬂB’o?W 1theyg
preferably frpdrogedaidrostig e5and3ﬁé§ Ineubeéh Yubjezted &b ayy ffuanerlpurdization 90: 10.

The am noc onitrile-hexaneth m xtur cu t ai ned
hydroge?\g{'? ero%‘%ﬁSpBFﬂ“t"?‘?ﬁ Qoé $%ﬁ ﬁas?‘g %mn%'kﬁ%%s%&éggeé% %Fbed
for exanpl enéxanbEthpledadisddide. DE- A 846, 654 or US 5,151,543. It is also
possi bI to use mxtures of various amnonitriles and diam nes. 25 If
desired, c{he reaction m xture nmay have added to it, at every reaction stage
of the procedshyssegenatiop mixtuieeof AvasAiNDeARroBitEienaRg hexamehylenadia®iNeng and

" feguljazl nfgcawt'%tcﬂiﬂ%l Ftelﬂrlﬁtwpél‘_}aﬁi’db ﬁhidh#e%;iby{iea&myntm the'préseéigel ef nono-,

i - an ri function npounds, eat. s izer

processi ng 3@funcygna P‘é‘ﬁé ﬁl&ha?ﬂéﬁ"l'@c 9‘&?@@?@&@ lf‘l %ﬂ)rfra&@ of

descri bed fOﬁteﬁsaﬁWsﬁagéB Wiich- aRsY dbﬁrétﬂérlz@abwwtaandenmerathremcanmg and

-regul at sugg %gces are preferably added to the reaction m xture
ur.‘ﬁ'& Pr

bef ore, fter the first reaction stage, 35 whereas pignents,
processi ng aids and dyes are preferably added to the mxture after the

stages whi chai priiging Brahydrogbhatfish Mifures can be used. According to the

invention, the molar ratio of 6-amino-capronitrile and hexamethylenediamine
in the hydrogenation mixture is preferably in the range from 1:99 to 99:1,

20 preferably from 5:95 to 95:5, particutarly preferably from 10:90 to 90:10. The
ami'nocapronitriIe-hexamethylenediamine mixture is customarily obtained by
hydrogenating adiponitrile according to known processes as described for
example in DE-A 836,938, DE-A 848,654 or US 5,151,543. It is also possible
to use mixtures of various aminonitriles and diamines.

25
if 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.




1 4 OC12003 -3 According to the invention, the hydrogenation nmxture can be
converted into polyamde together with water and at |east one bifuhgt(gJried)
acid in various enbodinents of the process. According to the invention,

the sequence of steps descri bed herei ngel ow takes place eit her bat chwi se,
I.e., In successi on in a single reactor, or continuously, i.e., |

n
successi ve r act i.s also si.ble t t eps
cont | nuous rtbgt'%%{mw@%ﬁvs&fogﬁeﬁﬁw Bipdrd tan e Borie @Bgnf
steps of: 1Cpcélgtamrde<togptlmer whe Watdr agdrattleast onetbifupciafnal acid in various
hexanet hyl e r e b lic
nci d to Tor g poiks e ThaRess Aldbiglitkic" fShfon e Sedlafe YL T .
in the rangesiepeAesoibed besmbalowdakeseplage @lﬂaef batcbwisende., i SHEGEHSION Xt ur e

constitutses i é' i Ié He'a@}wrdop%ﬁﬁnué&lyﬁ Z)ef ln'r"itshu%&e%?\ﬂé/%éétefs CIf id Bfso
conversion m at u rom 230 to

400C and a ﬁ?q);{sih]? &0 Q?W\WF éﬂz"';? ofi tH% ﬁ@%’ﬁ'ﬂﬁﬁggﬁl?@dﬁﬁﬁs%mg?aéc%?%l ned,

separation of the gaseous phase fromthe |Iiquid phase, and 20 (3)

post condensa 0 tenperature of from 250 to
310C and a dé@i%ﬁ?&d\ﬂ{g‘éﬁﬁ‘g&rﬁéﬂgés h?aﬁiegigﬁpressure in step (2). 25 The
steps will now be described in nore detail. (1) The hydrogenation mxture

o comlygiely mXaf bl SebelRGioRRRbtio Thikwurd! §f HeaBieidfbdapie act d

and water, for exa red tank
whi ch may al so serve aanGaminqeapionitsile with waier and @ diearbenyliciacidita Wi ned as

a function of the hexslFﬁdﬁhh&ﬁi&mrerﬁnaesmeaaéﬁtr@&dvefs@métasembefaqmbl y
from50 to 150 nol % tlcul ar{{émpé fergﬁé%?d m90 to 110 % Oq based on
the nolar anount of hl ﬁe'iarﬂﬂee andeRJIEPHYe Y PRI

i nvention, water is usedction mixtureconsiitutes @ singleiliqaichphase,trile to water

15
(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
which a liquid and a gaseous phase are obtained, separation of
the gaseous phase from the liquid phase, and
20

(3) postcondensation of the product mixture at a temperature of from
250 to 310°C and a pressure which is lower than the pressure
in step (2).

25 The steps will now be described in more detail.

(1)  The hydrogenation mixture is completely mixed with a bifunctional
acid, preferably with adipic acid, and water, for example with the aid of
static mixers or in a stirred tank which may also serve as a feed

30 vessel. The acid content is determined as a function of the
hexamethylenediamine concentration and is preferably from 50 to
150 mol%, particularly preferably 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



35 in the range from1l:1l to 1:6, particularly preferably from1:1 to 1:4,
nost preferably from1:1 to 1:3, preference being given to using vvaﬂér[][j]llﬂ{]}
OCT 2003 -4 in excess, based on the am nocapronitrile present in the

hydr ogenati on m xture. The conversion of4the reaction m xture takes place
at tenperatures in 5 the range from 90 to 300C, preferably from 150 to

230C. The pressure inthisr act on st re sel d .so at the
m xture constitut'Bs %f“zsqsﬁgl %UP@ phase: "W’P%%%é@ﬂ’“? %r%%érﬁmyﬁf oﬁr”le

exanpl e be a fl ovhydubgenafioa madurdence time in this reaction stage is up to
10 hours, preferably fromO0.1 to 3 hours, particularly preferably fromo0.1
10 to 1 hour. (2) Further conversion of the conversion mxture of step 1 at
a tenperature in Thecpaveysionralithe seactionmpdiregakes plase\atipmperaiorasin’ 280cC,

at such aspressur gnphagn ne Lbﬁvlgé Bapeent r@fe@e’ﬂﬂ?oﬂt‘émphﬁéetol@39?@ Thieai ned
and the gaseous phase c e separated fromth

resi dence tine i n RIEBgUredn dhis &6 %ttocﬁ'g%eaé‘befﬁf? h’? %Ct&'&ﬁg’r ﬁaﬁ%ﬁr’&!ﬁ“’& t he
mxture, on thé regsistitnes ersingieliued @hdséhl‘hé eesttor uspd enayife example the

degree of pol yrrerl zat| r for f

react fon ¢ me 1t e B, TR <Siogntd @i his, Rpgl sBlis Bun 110, 4
5 hours, parti cuI ahdqrs,ppmf&rabb'l fyomr(bfhto 3 hours3 padiowariyTpreferabty 5omo8. 1t he
gas phasqomay be qffef by the use of stirred or wunstirred separating

tanks or tank batter| es and by the use of evaporator apparatuses, for
exanpl e by nmeans of circulatory 25 evaporators or thin-filmevaporators, as

byl fil n*:jr uﬂer@) qrur]?i/ern%ﬁﬁer@fon ATNYh@r comvdtsibn aelitiuse mhlﬂlbpenswteaanh
enl arged phase interface certain.cir t he
reaction mxture dP”IH?éafHéPe in the ?q%ﬁo%ggﬁpa@@yébgrﬁéﬁﬁ 5%91' %%0 Sl ar ge
t he phase i nterfa<280°(]:lattshehra)paassureth“armmmldqjhasleeargha gaseousmhaske
furthered:by the | hdRqliigqui d
phase. gst he degreg %ﬂghEP%dQBeﬁa%gﬁuggﬂg ??E e%ép%?ﬁt%df rgtp(é; rr'er mel t
phase. The reS|dence time in this reactlon stage depends on the wa er
content of the mixture, on the reaction temperature and the reactor
pressure and on the degree of polymerization desired for the product
at the end of the reaction time. 1t is up to 10 hours, preferably in the

20 range from 0.1 to 5 hours, particuiarly preferably from 0.1 to 3 hours.

The removal of the gas phase may be effected by the use of stirred or
unstirred separating tanks or tank batteries and by the use of
evaporator apparatuses, for example by means of circulatory
25 evaporators or thin-film evaporators, as by filmtruders, or by means of
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 meit
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 skilied in the art, for example
35 by extrusion, extraction, pigmenting, tempering.



obt ai ned can be discharged fromthe second stage, for exanple by neans of
a gear punp, cooled in a waterbath and further processed in subseqq&rGCT 2003
process steps known to one skilled in the art, for exanple 35 by
extrusion, extraction, pignmenting, tenpgring. 14 OCT 2003 -5 In a possible
enbodi nent of the second process step, the pressure corresponds to the

equi i brium vapor, pressure of water at, the resel ect r SO
that water separa i%rpqsﬁlpiﬁ PHPQ@HEP?BB%WQ%H Pr%ceﬁgg%tﬁﬁ'r@‘%o ee';é.ggrefi nite
period of for examptespbddsniouhes eqbilibiigm degoeepressuteol of nvateratat otheor
product viscositi ' : | t ifgnabl i ng
an effective condé%gg@%@g%rﬁ?%%ﬁn?éégﬁﬁ g{ﬁvn%"i‘?({ #’%é}gpmﬁ 3@"@32%5%?@'3&'“( 3)
The renoval of thmitersuist pespiblat@veroa findadesring pbion exampleci @ minutee 10

third step siml altlilg‘h &é’?(rEEE of PoltediaRnlyr bRt Qispbsitibs, icWewdr, sl i rred
separating tanks or tan atterjes an b%mt e usgggﬁ evapor at
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appar at uses, for eyt afusthes;thidsiags naRinsAn edpetive ¢ e[nﬁpﬁgrll of the
evaporators, as bpeattibfiiiddes at loor plegsamaul ar di sk reactors, which ensure
an enl arged phase interface. In certain circunstances 15 recircul ation of

the reaction mixture or use of a loop reactor may be necessary to enlarge
t he phase i n{3rf athke rémovalesitbeaestliogrwatey af cohdengation isgffaséed i theer ed by
t he addiyty on of i t b AT %’bdb L% BRaSstirEE
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particul arly prefespasaling tank 7y task battereransh &yt HEe US8c Ol SYARPEIRLr e

ﬂl ef e[ abl'y Les? ;&whraméé,]; f(??héxﬁhg}éGbQQﬁiauiéiﬁd{ avto@p@ssorw bg thinefiladed by
e steps of: (a) mxing o e rogenation mxture o .
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conversion at a tempeeatanr enlargede phasge iftedac@0 Ino c¢O@AD aciccumgianeasure in
the ran fromO. P . | égzcérhﬁl Qaversion
m xtureq(;%f step (ac}rglt"agc’ﬁ(gﬁ"?%rﬁ%%?a‘@b?‘l#%&%ggga%?é&#%% % t893500 and
a pressure necessary to enlarge the phase interface. Furthermore, the removal of

water can be furthered by the addition of inert gas into the liquid and

the gaseous phase. The reaction temperatures are preferably set in

the range from 250 to 310°C, particularly preferably from 270 to

20 290°C, and the reaction pressure preferably less than 2 bar.
The above-described process may be preceded by the steps of:

(a) mixing of the hydrogenation mixture of hexamethylenediamine
25 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
30 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,

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




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 phadé GGIdHE)
the liquid phase, 35 (c¢) mxing of the resulting conversion mxture with a
di carboxylic acid to forma reaction mgture and subsequent conversion of
the 14 OCT 2003 _6_ reaction mxture simlarly to steps (1), (2) and (3)

as described above. In this erred,enb t t he
am nocapronitrile- 5 héﬁé&éqrhm H@dg‘fm{aﬁ@ tﬂﬁ‘?%gﬁa@ ‘ﬂe&!t ﬁ%‘gﬁaact ed

with water but w thout dHwmeaddition of the bifunctional acid in one or two

process prestages, and the resulting product mxture is then conbined with
the desired acids, preferably wth adipic acid, and polynerized in the

above- descr i Hedthis otfearsprefereert enjliddimes) of 1be IproPess; t thgeamijocapraitele’-i r st

t t
B oo od | rReMIRPBABIBRITR ol bR R MBS Wi wdlGTIRRS, e
from 220 to Mtwuldhe add\ypas;é&fa% biEneticsa ecid iﬂ@nysowvmarqoass PRERE8%UD| y
from1 to 10 and e Fé%ulti?ﬁﬁﬁﬁid@bi m&mpénéltﬁéh 80mbiHé@ Wah the detired Ars@y,di ng

to the inventio n ropitrile to
water i n't he RERsaly vilh adipiEdq. gnd aﬁﬁimweﬁrmf}hﬁ@@%ﬁfﬁsgp*??%m% £ 0
1:4, 20 nost gpagése(iab(3): from 1:1 to 1:3, preference being given to the use
of vvater1 n excess, based on the am nocapronltrl | e used. Pressure and
tenperatire are pref erably adjusted to each other in such a way that the
reaction nixtlre mmgmzlaés a single liquid phase. The preferred 25
enbodi nent for this single-phase process is a flow tube, if desired packed

with the herein elfowdescrlbe‘g@cat | yst pater.i al P rnalve
ohbodi ment - oin{RELTSL RHRSIAgs che, Pudrahiane SiKLs & derted wid Hater e o
refative to desipetithey didrara 90 1VOUBOFCA preferably pdfafremar@oatdB1gaSedas
phase. Iqgt h'psarﬁémgrdbfﬁgﬁ'r 23d'% b'?ﬂ"b,dar%%Sﬁre%gﬁfeegpﬁggsoﬁ %Yo {¥x 108 Pa,

preferably from 1 to 10 x 10° Pa, especially from 4 to 9 x 10° Pa, is set.

According to the invention, water is used in a molar ratio of aminocapronitrile
to water in the range from 1:1 to 1.6, particularly preferably from 1:1 to 1:4,

20  most preferably from 1:1 to 1:3, preference being given to the use of water in
excess, based on the aminocapronitrile used.

Pressure and temperature are preferably adjusted to each other in such a
way that the reaction mixture constitutes a single liquid phase. The preferred

25 embodiment for this single-phase process is a flow tube, if desired packed
with the hereinbelow described catalyst material.

In an alternative embodiment of this stage, pressure and temperature can
also be adjusted relative to each other so as to obtain a liquid phase and a

30 gaseous phase. In this embodiment, the liquid phase corresponds to the
conversion ‘mixture, while the gaseous phase is removed. The gaseous
phase, which consists essentially of ammonia and water vapor, is generally
removed continuously using a distillation apparatus. Any organic constituents
of the distillate which are coremoved in the course of this distillation,

35 predominantly unconverted aminonitrile and hexamethylenediamine, may be
wholly or partly recycled into the first prestage and/or into the subsequent
slages.




conversion m xture, while the gaseous phase is renoved. The gaseous phase,
whi ch consists essentially of anmonia and water vapor, is generally 14 (GCT 2003
renoved continuously using a distillation apparatus. Any organic
constituents of the distillate which are. corenoved in the course of this
distillation, 35 predom nantly unconverted am nonitrile and

hexanmet hyl enedi am ne, may be wholly or partly recycled into the first
prestage and/or into the subsequent stages. 1 4 OC T 2003 7 The two-phase
procedur e i sTheawermilse pratedee aetﬁrematﬁlg oarrriﬁdasemsmg\/ra pressere whightier t han

h f

;ﬁioX?gi’édpﬁwﬁ% dbfrh@%auﬁrsr ?gﬁﬁié%fﬁ)ﬂ;{e?ﬁ‘lﬁétw iﬁﬂ %”%iﬁgrﬁﬂnﬁﬁpﬁﬂgr ess
scaiart 4 temperat andi

enggdf rrgrgqufes:sq,e::a“z% ﬁ@@?&%{.‘ E%ééhl’é blr%;r\;zdh pﬁo:? ght artmw{eﬁbe |r ﬁ

which the flowis in uwar ction an 0?1 desired has above

the product outlet a further openr ng for gas phase 10 renmoval . This tubul ar

reactor may Rep&RcbhkAY ?iréfe‘?fedoémbbalnhé/ntpé\‘ctlﬁ%w ﬁﬁhsé??cﬁ:'eﬁﬁ?e rmnﬁe arh
especially cat al erred, enbodi

react or useduﬁmtht%et Sa\’%@%rtﬁgé IS 15 the WPWar F'rﬁﬁﬁ%@ h% clht al yst
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first stage us m Xl n ce tine reaction
ni xt ur e shouP@ab'éhﬁraé‘Pﬂlaa upctodbe phasebaundary.is in the range from 10 mi nutes
to 10 hours, preferably in the range from30 mnutes to hours. There is

00 et ) ARl OB e RS e v;%ﬁaﬁﬁet%aﬂér ret
prest age conglxture issheatednygieg la heatdexdranger Aeteredbeigg tiotrodecachindmtiien, t he

first stage. It will be appreciated that the aminonitrile-hexamethylene

hydrogenation mixture and the water may also be heated separately from

each 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 converied 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 0.11t0 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.



conversion m xture obtained in the first prestage is then further c nVﬁHﬁﬂ
in 30 prestage 2 at a tenperature of from 200 to 350C, preferably at Y 3
tenperature in the range from 210 to 300C, especially in the range from 230
to 270C, and a pressure which is |ower .jghan the pressure in stage 1.
Preferably the pressure in the second stage is at least 0.5 x 106 Pa | ower
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Tenper ature Fale are selected in stage 2 so as to obtain a gas
phase and a ﬁ%“wﬁ?ﬁgég' and to enabl e the gas phase to be separated from

the liquid phase. 5 The renoval of the gas phase may be effected by the use
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ci rcumst ance uLati o t reaction mxture or the use. a

| oop reactoraxgé/&‘égrgeégéggfﬂ@n%tugeésnIoér%QYeme?Hﬁ OEWQQEEE}’rFﬁ%“r f%ﬁ?éc.’rsFﬁ‘&Y r nor e,
t he renoval enhsgrecamas!apgetphameyinterfackuln tertainl cligumbtanads) reciocuiafiomat er

2 st od G e FRRDATRART of HBALe B7RP EAFCFREY 4o APaRal DERe® o1y (he

equi | i bri um V¥ enape detariaseoFURRAIMOE, thetremsyab of Hbecdas Phase imay fifor

pressure of fitheped by the AEAIIGA T waller iof BRfierOgadtinid tHeSliqtid ph8se.
predeterm ned tenperature. This way, it is possible to favor especially

removal of ammonia and thus further speed up the hydrolysis of the acid
am de groupsPrafératihe the pfessusisr adjusted @t a presefected tenperatiee Socthatthe ure in

the rangs 1 Bipsaire b PRI TEIRHEM IS BidiRe of aliBHe” buPRBORL R L 1"
any restrict PAWEbriym vaper presguts of theethritcasepenants in thetregations B at ‘
prestages majhet ffddetérmined temperature. This way, it is possible to favor especially

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

amide groups.

20

The preferred residence time for the conversion mixture in stage 2 should be

in the range from 10 minutes to 5 hours, preferably in the range from 30

minutes to 3 hours. The residence time is not subject to any restrictions.

25 The product iine between the first and second prestages may contain
packing elements such as Raschig rings or Sulzer mixing elements to allow
controlled expansion of the conversion mixture into the gas phase. This
applies especially to the single-phase procedure of the first stage.

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 io the second prestage, which should be equipped
with mixing or stirring elements.




packi ng el ements such as Raschig rings or Sulzer m xing elenents to all ow
control | ed expansi on of the conversion mixture into the gas phase. THi&CT 2003
applies especially to the single-phase procedure of the first stage. 30 The
bi f-unctional acids such as adipic acid @r terephthalic acid which

according to the invention are to be uséd for further conversion are m xed
with the conversion mxture fromthe prestages prior to the subsequent
process stages (see above). This may be done using for exanple static or

dynam ¢ m xeThe WHrivBrdiba ddMebBr 4lvieH SUt RABNE &Mhidie oF &fd %ﬂag;éeﬁ it 35
aqueous adipic acid gr te{agght h?.ll acid solution. If desired, the acid may
al so be net PE§ERre oL gMeahoxide tixgd bed eatalydlige, whi ch shoul d be equi pped

with mxing or stirring elenments. 1 4 OCT 2003 9 The conversi on can be

i ed t f th Ln th : | id
rxed beq caraphded ket s heafiiy ied Th ohs refisBoRt el pffie ' °°
reactors of a&mdof stege {3) eBuhdedesined, tfeystayealsd be (Bed, inithe ddisér poceshey may

| b ' t T | z
et erably oaper oS SAERD reBbRAE e FIEta R BRCURA 4 SARIPLS °'
pur poses of Hadd PR38&tion is given to Bronsted acid catalysts sel ected

froma beta-zeolite, sheet-silicate, alum numoxide or titanium dioxide
O tlehaS e Bridhe, T it /4 i 18! b achl g
of anatase acatalysBO%elnctedifgimh afbetaizeblite, vérwetisilicare, t aludfifitrny otidever ght  of
am noni {1 1 Qoo SdRGRRNEER SRS, BaabEda\RR kLiEs ol lnele Gldysge"°
cat al yst sholingl tilanium digride catalystisbpeefembly eomprisei fogi vénta Q% My a pure
anat ase cat ajdight of faridi@sé Enacdidoob |y mgncemlﬁhélswhgmiﬁidd 5 400 pyexanpl e
from1l to 3% by weight of inpyrities,” preference 1's given to usjng a
i tani urh20 WPkl B8 T, A dIRKiER BanDai Teelaced by hirbsian axidealicA ¥8Y
rutile. Prefpurgbhmindriieileisitused, thadtdotioni 6f GinataséOin thd Afanivmweioxide and
the rutile [CAGKEORNSIIEMe 20 Hidh 3Q°BRiNNE! Biierchh id G tPLSAE LRGR '
anatase catalyst. If the aminonitrile 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 5 ml/g, particularly preferably from 0.2 to 0.5 mifg. 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 > 25 N. 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 should 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 B4% by weight anatase; 16% by weight rutile;
0.3 ml/g pore volume; 0.03mm average pore diameter; 26 N cutting
hardness; 46 m*/g BET surface area. The catalysts may be prepared from



di oxi de catal yst conprising about 70% by wei ght of anatase and about 30%
by weight of rutile. The catal yst preferably has a pore vol une of f1and{l. 203
to 25 5 mM/g, particularly preferably from0.2 to 0.5 nl/g. The average
pore diameter is preferably from0.005440 0.1 nm particularly preferably
from0.01 to 0.06 nm If high viscosity products are used, the average
pore dianeter should be |arge. The cutting hardness is prefer ' above 20
N, parti cul acemeici cpewers>apsavailabie feErxammedeomnr BEIUEsay gf"@ laBl y

abO}/e 40 ne/ mqer?%ea Mhbh‘i&'r‘l@dtéu orzrdefeneebyu bi@\gﬁ%lﬁﬁwﬁdrﬂ pre‘rerebry @;Ero
surface area en is snaller u 0 sen.
corr espondi n&ﬁjx/o Vg Misiaht,, Pagiculgry Rﬁqe?&@q %a I‘liye ‘?ray be
ensur ed. Par titanilmar ld}bxrdlsf d$ ergptatedatbyl jd.a‘tgstéra\muddneThel tatalysts pnametne | es
100% anat er, |
cutting h rdr?e‘g%a%eg% a%lépe%ﬂ'sg%E}I{’neﬁpg %ogﬁggy V?g@ﬁﬁ%% '\ﬁ/%elea?'gﬁbgana ase;
16% by wei ghtheterpgeeys catalysid”/ YChbWeintudinnd 990, papean9&iffeThg caldyss radvanet er ;
26 N cuttingy / rlaco area. The catal ysts nay be
prepared from r}%’%@@%@rgo@é& rg?d'@com-frerrﬁgr al powders as avail able for exanple-
from Degussa, Finnti or Kemra. Wen tungsten oxide is used, up to 40% by
wei ght, pref ﬂn'alﬂ#é/r bietéeed ?dé‘i/alw Wi gbll, a@ﬁfdﬂrﬁﬁ'@ibkhepﬁf@rf @R:ﬁhble MR 15 to

25% by i d repl aced t The
catalyst D pap Rl Gt ?I@Batb@a S 1 Sk DR, o Bt e B85 SBRuE bR B,
"Handbook of phbsplorageoxide c hal gatalyst Wh\&rcnhmositroﬂ%ﬁrmmiatyﬂs 0@ ifn  The
. catal yst may esi ”%Oﬁgr

catal yst, as exﬁﬁ %qu%%ﬁﬁﬁr&d?o% U.%?%ﬂeesxsgaﬁ{‘a Sfblﬂ ﬁé[ﬁcoﬁ ai ns
about 9% of &f ayb3 U 8% of al um num oxi de and about 4% of phosphor us oxi de.
The catalyst of this conposition, formulated in 4 mm extrudates and

breferanty « RASGHRLl ik cadhists St intBs £ henaithal ALCS, perdiaiesor  *°
extrudat es orpellelel bepecraldys peltetal Thie paiibtat are piefenably safficienty ﬂnrgédnetbﬁ y
sutficientlyd %??g?e fr%fr?éhet SroubBeRitdre’ &N RpAIURE fiBwdbiitF oftnd Nnot

to inpair the
the product durrng the conversion. The pellet form of the catalyst makes it

possible to remové the catalyst mechanically at the point of exit from the first
20 stage. This may be accomplished by providing mechanical filters or sieves at
the point of exit of the process stages which contain the catalyst.

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 selution 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



the product during the conversion. The pellet formof the catal yst nmakes it
possible to renove the catal yst nechanically at the point of exit friodnlCheln)
first 20 stage. This nay be acconplished by providing nechanical filters or
sieves at the point of exit of the prqgess stages which contain the

catal yst. The exanples hereinbelow illustrate the invention: 25 Exanples
Anal ysis The relatjve viscosity , a meagsure of the nolecu] ar, wei ght
bui | dup and reflHg Qiébr@éeroferﬁﬁﬁ')nﬁ{ %t"i’%}ﬁ,’- agemlﬂed'&r’nw@% t”tsgn%‘]t h by
wei ght sol utpesicaifidngatitve, ata®°Clurkier rédiced pressuredbr 20thours.1. 1% strengt h
by wei ght solution in the case of unextracted polyner, in 96% strength
sulfuric acid, at 25C using an Ubbel ohde vi sconeter. Unextracted pol yners
are dri ed unPmcessdnasdgemesssure for 20 hours prior to analysis. 35 For
extracti%n, 100 parts by weight of polycaprolactamare stirred with 400
parts by wei_ght of conpletely iron-free water at 100C for 32 hours under 1
4 OCT 2003 -Tihe mso¢aps gxamplgs were ceasied @ift inha stifed 1 Ber aytepdave-yin i e,

Wi thout ri Skemrpggg% toRdepERe RNeddéontioulidato fHROkGERUORT ARGl @ 20

hours. Process, _a‘%errent ?_!The rocess exanples were carried out in a
stirred f |iqefinedifigeralyia thereaglon@ifles 6 to 10, water is fed continuously
into the reaction mxture for a defined interval via the reactor exit. 10

The co sitions of the r ], %t I Ve [ i hies of
The Coratoe R Bahebtiond BRI Radhrt ibie Hnd (.Sl Rl HEcdRimaon] et® 0%
t abul at ed. HwDdustshpraiwsedyaecnrdingnto dhe Aespeaativeo Qapeessing imethgdy AeA
adi pi ¢ aci d.qgdgiafeampl e 1 The reactants are introduced into the autoclave,
and the autoclave I's sealed, de-aired and repeatedly flushed with
nitrogen. The m xture in the seal ed

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




20 reactor is then exposed to a reaction tenperature of 215C for 2 hours.
The reaction tenperature is subsequently raised to 280C and the reati @CTiz83
opened by neans of a control valve to such an extent that the internal
pressure adjusts to 18 bar. After a reagbion tine of 1 hour the pressure in
the autoclave is lowered to the anbi ent pressure of about 5 bar over 30

m nutes. 25 The palyner nelt is_then postcondensed at A 280C for L Qut es
and then extarh.%‘ga i ovex PerrG'IJI%?O'BWFé@@&@ﬁ%ﬂ&%‘%@?”&%ﬁg%@&ﬁ 30 The
reactants ar doi 4% priduieedridthentdxerudet itbavwatenbath] pelldizbd@nduirieds seal ed,
de-aired and repeatedly flushed with nitrogen. The m xture in the seal ed
reactor is then exposed to a reaction tenperature of 270C for 2 hours. The
reaction tenyampteedi s subsequently raised to 280C and the reactor. is

opened by.neans of a control valve to such an extent that the internal 35

pressure adjusts to 18 bar, After a reaction tine of 1 hour the pressure in
the aut ocl avid& reactas ae introsivead iodae astasiavey appihe asteplavesisisealadent | y

bost condenseq o B R o P R e e ath
utes . X :
Dol | ot 1 zed_ afBadior Binep,aRgsEdJoR incipB et Rt o 5 T4 Coficfodfs: Shehe
aut ﬁd ave, andattivn fermpetawe iss sebaécﬂftntlydmisédr tol 2800C ampe dhe diepctior us hed
with nitrogen. ' [ e r..| a
reacti oniﬁeng)@regggrg}ﬁgﬁ%ﬁf%:&%?ﬁﬁgggg{e %gﬁweae{{cméﬁ[&g%@?%ﬁﬁﬁgﬁls
subsequent | y pressuse adiustg b1 8riar s Alerr 2 seactionitine of b henethepressuresindhea
bar. Aftor a BRSBTS RWEEGP? aptlt 5 Kef dyelt U Rinuies R SGoqtuenty b0 18
lowered to alb@ut 3 BArOvRFdr haey. r#\%?%'gm&ﬁ@’@hﬁs‘h&ﬂé?ﬂqt@'ldgnsﬁgé\ﬁggﬁodaar
oveér 1 hour. fgh20 prhytesrantetheniexirubed intoH watedsath cgelistizéd @ad drimd. 20 mi nut es
and thenlgxtruded into a waterbath, pelletized and dried. 15 Exanple 4

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 aftained 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 waterhath, pelletized and dried.



The reactants are introduced into the autoclave, and the autoclave is

seal ed, de-aired and repeatedly flushed with nitrogen. The m xturelifrQ(THe
seal ed 20 reactor is then exposed to a reaction tenperature of 215C for 2

- hours. The reaction tenperature is subggquently raised to 280C and the
reactor is opened by neans of a control valve to such an extent that the
internal pressure adjusts to 18 bar. After a reaction tine of 1 hour the
pressure in tTI‘i’i’le Butoclave is lowered to about 5 bar over 30 minutes and
then to about 1 bar 25 over 1 hour. The polyner nelt is then postcondensed

at 280C for [50 nut £€s anfd t han ext_r.gded info a &ée{.batr& Eg!l [etized and
dried. Exany EQ&%?ﬂ—'Eﬂt—r—ed | ! d and

the autocl aye is sdal ed, {e-alb®dcindtercpeatedly flustHed7with nit rbgen and
t hen heated. After the reactioéhé§mﬁ'£ture of 280C has been attained the
reactor is gpened by nmeang of a n val e to such an extent that the
internal pressure adjusts {to B @afHMBter h reaction tine of 1 hour the
pressure inithe autoclave |s 355b%V\ﬁr;quto about 5 bar over 30 m nutes and
to about 1 War—over—thouri—The _potymer nett—Ts thempostcondensed at 280C
for 15 minufes and2Z hen ekt r utRNINMWAENH wal er hat hr ped-letized and dried 1
4 OCT 2003 {13 Table 1: Expnpl efpgReADA onRe| ative viscosi 1150 g of
wat er2. 47 84 g of ADA 66 ¢ of 1?%& ACN 2150 g of water2.15 B4 ¢ of
ADA 66 g of [HVD 150 of ACN 315 8 er2.42 134 g of ADA
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 g of 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



106 g of HVD 60 of ACN 4150 g of water1.88 33 g of ADA 27 g of HVD 240 of
ACN 5150 g of water1l.88 84 g of ADA 66 g of HVD 150 of AC N Exanpl e1q @Cﬂiﬂﬁ
reactants are introduced into the autoclave, and the autocl ave is seal ed,
de-aired and repeatedly flushed with nif{fogen. The reaction mxture in the
seal ed reactor is then exposed to a reaction tenperature of 270C for 1
hour. A confrol valye is opened to adjust the internal reactor pressure to
30 bar 10 ovexamples {0k This is foll owed by water stripping. A piston

© punp neters water at a rate of 60 g/h into the reaction m xture. After 2

hours the er stripping js.termpated and the ssure in_t ocl ave
o overed ¢ 5ia resihBlaRdatdaedd eliEea ddavaen FE°Hitrale It S,

post condens ede-aredaand uepémedywiushedr withtnittogeD. afhe sedctioguanding extheuded,
pelletized i 3. 7 b Hdyghts are
i nt roducgd ?%?%9@ rr](ggrga%%ct gég%é%%?&%raﬂﬁt@ﬁg@ggﬁugéegﬁ %c? hﬁgfjal red and
repeatedl y Aol waive isi opengch to Bdiust dbe tintgrnatirgacioe Aressuie 18 3dhakd

reactor ist bt ' yOWBR &t f A 2f&enf rieste A
control val vﬁ@}sﬁ%@gﬁg%st g {Sﬁ??é\{vﬁg I'nt er Aﬁ.ﬁ%ﬁéﬁfgr esﬁs?{Jnr]% to 350 bar
‘YA

ad
over 30 mi nuWiEr at datesot BPidndrforye igagtions mi SRS WChret er s
water at a rstrippialg i6Qeghimated and hise peassUr®in thexdutoelavéfis towereddarisbahe

water St PRIAY haut. oAl BalyRSkrAREn 1 Ehd 88RWKted Br bBSIBHUGHEY for ohe OWer ed

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



10 over 1 hour. The polynmer nelt is then converted or postcondensed for one
further hour at 270C and subsequently extruded, pelletized and dried4 CT 2003
Exanpl e. 10 15 The reactants are introduced into the autoclave, and t

autocl ave is sealed, de-aired and repeafgdly flushed with nitrogen. The
reaction mxture is then heated up in the sealed reactor. Inmediately on
attai nnent of_a product tenperature of 270C a control valve is opened to
adj ust the i n1@PIgaA" react or pressure to 30 bar over 30 minutes. This is
foll owed by water stripping. A 20 pi ston punp neters water at a rate of 60

g/h into the[reagtion,mxt : . ﬁour%tne TEr st.rlénngls
terminated a XA cur e | olis |%€Eilga£5°§ %; over 1
hour. The po yrrer rrelt is hen mmg@lfl-ga) or |postcondeng@d for one further
hour at 2700 and subsequently e (%gﬂg pel lletized and dried. 1 4 OJCT
2003 -15 Tab] e 2 Exanpl eCo 05| f‘l iscosity 6150 g of H2Q2(61
33gof ADA 27gpf HVD 240 g of | ACN Z’ZLg@fg-IMD HZOZB 60 134 g of ADA 106 g ¢f HWD
60 of ACN 81p0 g of H2Q2. 98 117gef g of HVD 90 of ACN 9150 g of
H2C3. 73 150 gof—ABDA—T26gof+ivD qu M&’N
7 150 g of H.O 3.60
134 g of ADA
106 g of HMD
60 g of ACN
8 150 g of H.O 2.98
117 g of ADA
93 g of HMD
_ 90 g of ACN
9 150 g of H;O 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




30 of ACN 10150 g of H203.52 134 g of ADA 106gof HVD 60 of ACN 14 OCT 2003
-16 W claim A process for producing polyam des by (i) hydrogenati mgi GCT 2003
adipodinitrile to forma m xture of 6-am nocapronitrile and hexanethyl ene
diamine in a nolar ratio of from1:99 to 99:1, and (ii) reacting the

hydr ogenati on m xture directly obtained fromstage (i), with- out further
purification steps, with water and a #fcarboxylic acid, wherein the anount
of dicarboxylic acid is fromb50 to 150 nol % based on the anount of
hexaneﬁw%hggﬁndianine in the mxture. 2. A process as clainmed in claim1l
wherei n thé di carboxylic acid used is adipic acid or terephthalic acid. 3.
A process as clained in any of clains 1 or 2, wherein the water is used in
a nmolar ratio of from1:1 to 6:1, based on the am nocapronitrile. 4. A
process as clainmed ip any of clajnms.1 tp 3, conprising the steps of. (1)

m xi ng bf t b MGERTHIONRIOBIFING RP'IUPE"%?S ﬁ\éxarret hyl enedi ami ne and

am nocapronitrile with water and a dicarboxylic acid to form a reaction

m xture and @ubsduiagerdingadpedingtiedorarparabdie of CraMMOERAYUHE 8 90 to
300C and a_pressu(hefihiend diiRideRd bifarTalih Uf FofP190!b ek dhesl N9l @

i quid phase, (2) conversion o e conversion mxture of step (1)
at atem perature ip the range from 230 to.40 t ich a
liquid and a"gaser&?gﬁ%Héeeﬁ%qrgggﬁ?g?%@@améee%ﬁ cg\giog)ﬂggg dﬁ L%ﬁ%ggee@ﬂ‘sﬂwghase
fromthe Iiquid phasasthensurfication Gtdps? 9 waer and a dicarboxylic acid, wherein

the amount of dicarboxylic acid is from 50 to 150 mol%, based on the

amount of hexamethylene diamine in the mixture.

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

acid or terephthalic acid.

3. A process as claimed in any of claims 1 or 2, wherein the water is used in a

molar ratio of from 1:1 to 6:1, based on the aminocapronitrile.
4, A process as claimed in any of claims 1 to 3, comprising the steps 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 temperature
in the range from 80 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 tem-
perature in the range from 230 to 400°C and a pressure at which
a liquid and a gaseous phase are obtained, separation of the

gaseous phase from the liquid phase, and



to 310C and a pressure which is |ower than the pressure in step (2). 5. A
process as claimed in any of clains 1 to 4, conprising -the steps of” dﬁ)zuna
m xi ng of the hydrogenation m xture of hexanethyl enedi am ne and

am nocapronitrile with water and subsequent conversion at a tenperature in
the range from90 to 400C and a pressure in the range fromO0.1 to 15 x 106
Pa, (b) further conversion of the co_n)grﬂ[sion m xture of step (a) at a tem
perature in the range from 200 to 350C and a pressure which is |ower than
the pressure in st@y %s%de%séﬁd)ﬁléiﬁn@ p?reﬂ Qnﬂ@ aﬁa%ﬁup%rétg%lhﬂfraﬁd a
gaseous phase, separation of the gaseous ase omthe [1qui ase, (c)
m xi ng of the resulti n@&@dmﬂeﬂlé’ﬁmndwmeﬂwrmmwdowartbmmyheq.)rude ino
forma reaction mxturetan subsequent conversion of the reaction m xture
simlarly to steps (1) S? &)and (3) of claim6. 6. A process as clained in

any of clains 1 to 5, wherein the conversion is carried out in the
presence of a netal oxide fixed bed catalyst in one or nore of the steps.
7. A process as clainmed in claim6, wherein the catalyst is selected from

beta- zdvolit A PEIREss-asi glaimadin anyuef slaimsokiaié, eemprising thersiersxafde
cat al ysts.

(a) mixing of the hydrogenation mixture of hexamethylenediamine
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 tem-
perature 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 ob-
tain a liquid and a gaseous phase, separation of the gaseous

phase from the liquid phase,

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

6. A process as claimed in any of claims 1 to 5, wherein the conversion is carried
out in the presence of a metal oxide fixed bed catalyst in one or more of the

steps.

7. A process as claimed in claim 6, wherein the catalyst is selected from beta-
zeolite, sheet-silicate, aluminum oxide or titanium dioxide catalysts.




