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0950/ 47257 PREPARATI ON OF POLYAM DES FROM AM NONI TRILES 5

The present invention relates to a novel -process for prepari ng

pol yam des from am nonitriles and water at el evat ed tenperature and

el evat ed pressure. 10 US 2 245 129 describes a batchw se two-step
preparation ol ycaprol actamfrom [err]-am nocapronitrile ("ACN') and
wat er at a t@ﬁﬁ@{é?gﬁé within the range from 150 to 300[err]C, governed
by a specific tenperature programas a function of the anount of water
added, and a—pressure—tﬁ-—of—nut—nnre—than—Sﬁ—bar——-ﬂ*mrThfmﬂhnmnrages of
this process are the long reaction tines (20 h in step 1), the | ow
viscosity of the rprEPARRSTON! §BaPORPAREDES PROM AMINORI®REAEEEVel oOf

vol atil e bases (essentially primry acid am des) conpared with a

pol ycaprol actam prepared 20 from caprolactam DE-C 35 34 817 US 4
568 736 and US 4 629 776 partly sol ve the probl ens described in US 2
245 129 by the use hosphorus- _.and sul fur-contajnin catal¥sts The
use 25 of tH&Bec é’créﬁ%’(ts WERbHeR HRIAFAS Efe @ oWPEPhC Vield of
t he process geeparhad l;sblg&xﬁ@éé ¥29m amlhbwﬁiflﬁﬁ.le*sh%.ridavﬂhtéfr vatatile
bases in all hhe groduct ? red1b¥ Ehgfabovenentloned processes is
still too hiﬁ ?vgsegh Fm¥ﬁ5a§8 Ges SY8t&% PrEGPtFo 30 process and

have a reduced carboxyl end group nunber. The stoichionetric
di ScreF’aﬂFy fet ‘?‘E‘%St N8 aldI Alls o A RYLe G st QQP% at

products aboversnt oned processes 'S, res or thelr
showi ng an |ﬁ§upp|1wpémméégr:é@ &rropolYrastineaar ek 3 %5("%¢1$v0 #Rer ease

in ol ecul ar y¥ekghtatdupi NemdSFRAIFNIwithinFUEhderERGR £66R| alsd regoval of

the catalystg is
300°C, governed by a specific temperature program as a

function of the amount of water added, and a pressure
15 of not more than 30 bar. The disadvantages of this

process are the long reaction times (20 h in step 1),

the low viscosity of the resulting polycaproplactam and

the high level of volatile bases (éssentially primary

acid amides) compared with a polycaprolactam prepared
20 from caprolactam.

DE-C 35 34 817, US 4 568 736 and US 4 629 776 partly
solve the problems described in US 2 245 129 by the use
of phosphorus- and sulfur-containing catalysts. The use
25 of the catalysts mentioned improves the low space-time
vield of the process described in US 2 245 129.
However, the 1level of volatile bases in all the
products prepared by the abovementioned processes is
still too high, so that the polyamides are difficult to
30 process and have a reduced carboxy_l end group number.
The stoichiometric discrepancy between the amino and
carboxyl end groups in the products of the
abovementioned processes is 'responsible for their
showing an insufficient degree of polymerization and a
35 slow increase in molecular weight during tempering.
Furthermore, complete removal of the catalysts is
virtually impossible, so that the chemical and physical.
behavior of the polymers prepared using the catalysts, -
such as type and quantity of end groups or snap-off



virtual ly inpossible, so that the chem cal and physi cal behavi or of the
pol ynmers prepared using the catalysts, such as type and quantity of end
groups or snap-off : 0050/ 47257 - 2 - behavi or
during spinning, is adver sely affected. EP- A 479 306 proposes, in
relatlont05t61§ f |on of ACN wi th water to give polycaprolactam to
renove P4 /water conti nuousl"y2 by deconpressi ng, once a
reaction teripsharive duoing08bimn 28] eis] 4avassbepnarfecbliai ned and at the
same time to add water continuously whil e selecting a pressure within
the range from 14 to 24 X 10[err] Pa (14 to 24 bar). 10 EP-A 65
291 descri b@%—Aa4780r3tQGnlmmpo$)esme$n rdeat:Lon pu:cepahengean:yﬂl@lm- 6915 from

dinitriles ghé ;%EH! ﬂq; ng es
pl ace by p‘gjf?g]on ensat i on &%&{ ac am s ngt[o pr%d‘b as an

i nt er medPat AMPRER and waties jgprtiapuisier i kut d@n:omprﬂslmn’ﬁhus;nd:ecause
the reacd i GRsac ol fﬂ‘e@rrﬂaitatdﬂée I%&%eS@o@f E5- g%ééoéf?gi}aé beer] 0!

applicable to the esent E I's an obj ect t he present
i nvention t *Pratd a pFB€e§§mﬁoFlﬁﬁe|§§r Beg WA QR imuausly
amnonitril eghile wlbctﬂﬂgoae@rﬁﬁﬁhﬁeys\iﬁ:ﬂn t tige r?&ﬁ%@”?%omemecﬂ@| ly

of the acid and hlgher car boxyl end group content.
The nol ecul aﬁnge'lg(ﬁt ¥ i‘?‘élag'é’ égr ?’ﬁ& . t he pol ynerization and the

tenperaBPlity of the product are inproved in this way, corrpar ed with
B rocess  TE Ty SBapaiin dedoriBUE | ST bdlinddld SRR R VO
am noni tri | PRERIFIRG er nYhANCch, Eonmfriodes:dinitriles and dlam1nes
Molecular weight building takes place by
polycondensation.
15

Caprolactam is not produced as an intermediate, which
it is in the polymerization of ACN. Thus, because the
reactions are different, the process of EP-A 65 291 is
not applicable to the present problem.

.20
It is an object of the present invention to provide a
process for preparing polyamides from aminonitriles
with improved hydrolysis of the reactants, eépecially
of the acid amide groups, and thus a higher carboxyl

25 end group content. The molecular welght increase during’
the polymerization and the temperability of the product
are improved in this way, compared with prior art
processes. '

30 We have found that this object is achieved by a process
for preparing a polyamlde by reaction of at least one
aminonitrile with water, which comprises:

(1) reacting at least one aminonitrile with water
35 _ at a temperature from 100 to 360°C and a
pressure from 0.1 to 35 X 10° Pa to obtain a

reaction mixture,



(4) reacting at |east one am-.nonitrile with water 35 at a
tenperature from 100 to 360[err]C and a pressure fromO.1
to 35 x 10[err] Pa to obtain a reaction m xture,

Q050/ 47257 - 3 - (2) further reacting the reaction
m xture at a tenperature from 150 to 400[err]C and a pressure
which is | o542 he pressure in step31r the tenperature

and the pressurg) befstRer reactmgsetﬁet%a%)cf&ztm%wéﬁ acfigst gas
phase and a first r_a fi rsiosol i d phase or

o
a nmixture of first sol"r%}“%?'iﬁa’ﬁuf%t%FP’a ilg0 to 400°C anghasPregiiise fir st
gas phase is separ at edﬂhlch is lowerf r €2 hehbi r;ﬁcteésuhﬂ dlﬁr sttb@ first

solid 10 eorfromt m xture of_.first

first solid phase, 3“ temper (‘é‘)r Sadnf3f ng Hife fPF%F Prauu 3" 9 he
first sobid : selettad so tde boxtabtwaigl & rSirdt qghd phhds

first solid phase wt gas OR :l a CRIMYYL si ng
water at a terrperaturghr?d 2°e9yse 11q!u‘1‘r‘1 q}fo f?éléa:e ggij ﬁ%‘aa prefssure
from0.1 to a Wtﬂrﬁo[@fr]fiﬂéﬁtos&iﬂaﬁ na§dpr 20
The present invention gpdgder aﬁEiO\ﬁHLeSfﬁrBEO@%%S PRdse 1spré%&§’e[1{ra[’cga&

pol yam de by reaction of at |east .one mnonitrile wat er_, J#C\l/m ch
conpri ses: %rl m, &R | F TSt | ér&gf“lgneo’a’m HRRi t Jr‘F%tV\HCh.L

at a teaperature fromﬁl@é)sé ooB60femr theandx8ure of first ligsiUrandrom 0. 1

to 35 X 10[err] Pa to Plrs N&ia phase, andreactlon m xture,

(3) admixing the first liquid or the first solid
phase or the mixture of first 1liquid and
15 first solid phase with a gaseous or liquid
phase comprising water at a temperature from
150 to 360°C and a pressure from 0.1 to
30 x 10° Pa to obtain a product mixture.

20 The present invention further provides a process for
preparing a polyamide by reaction of at 1least one
aminonitrile with water, which comprises: '

(1) reacting at least one aminonitrile with water
25 at a temperature from 100 to 360°C and a
pressure from 0.1 to 35 X 10° Pa to obtain a

reaction mixture,

(2) further reacting the reaction mixture at a

30 temperature from 150 to 400°C and a pressure
which is lower than the pressure in step 1,

the temperature and the pressure being

selected so as to obtain a first gas phase

and a first liquid or a first solid phase or

35 a mixture of first solid and first 1liquid
phase, and the first gas phase is separated

from the first 1liquid or the first solid

phase or from the mixture of first liquid and



() further reacting the reaction mxture at a 30 tenperature

from 150 to 400[err]C and a pressure which is | ower than the
pressure in step 1, the tenperature and the pressure

being . selected so as to obtain a first gas phase

and a first liquid or a first solid phase or 35 a m xture of
first solid #4%27 | i qui d - 4 phase, and the first gas phase is
separ at ed firgmddmeid igidsd,] mug or the first solid

phase or fromthe m xture of first liquid and : 0050/ 47257

- 4 - first solid phase, and (3) admxing the

first liquid or t{® fiadiissinlg dche first liquighase ehet e rgicxtdyigpf first

liquid and 5 first solid phase wth_a gaseous or Jiqu
phase conprising wat e® X% togrrpgﬁ"gt uﬁgéx}%}%ﬁl o £¥st Sll% t_&‘“%GO[err] C
and a prbssure from 0.flinst solid phase 84tk 14| gaskols toroldtiajuida

duct m xt , 10 o] | h L xture at
product mxture: peRhase, slprogRhGOURERR M 4 EenBBdiile otk
which is | ower than tHEGré&9suBé08E sapg 3a pressure fromhd tlenperature

and pressure being sel®etedo® pa to obtainS@ BEol@cePhdiduesecond, water-
and ammoni a- 15 conprising gas phase and a second |iquid or
second solid phase or a m xture of second | i quid and second

solid phbase, whicft)eagiostcondensing €REPr b‘i?dh&ﬂz pahseriEe. at20 a;l'he -
present invention further praqvides_a pr S : reparing a polyam de
by reaction of at | eastte%ﬁanegraq-'ureanﬁﬁ?fﬁi ?ﬁﬁl zowgz{q?o\ﬂat%?‘? RO PEFSESTS i ses:

which is lower than the pressure of step 3,

the temperature and pressure 'being selected
so as to obtain a second, water- and ammonia-
15 comprising gas phase and a second liquid or
second solid phase or a mixture of second
liquid and second solid phase, which each
comprise the polyvamide. '

20 The present invention further provides a process for
preparing a polyamide by reaction of at least one
aminonitrile with water, which comprises:

(1) reacting at least one aminonitrile with water

25 : at a temperature from 100 to 360°C and a

' pressure from 0.1 to 35 x 10° Pa to obtain a
reaction mixture,

(2) further reacting the reaction mixture at a

30 temperature from 150 to 400°C and a pressure
which is lower than the pressure in step 1,

the temperature and the pressure being

selected so as to obtain a first gas phase

and a first liquid or a first solid phase or

35 a mixture of first solid and first 1liquid
' phase, and the first gas phase is separated

from the first 1liquid or the first solid

phase or from the mixture of first liquid and



(1) reacting at least one amnonitrile wwth water 25 at a
tenperature from 100 to 360[err]C and a ' . ~ pressure fromO0.1
to 35 x 10[err] Pa to obtain a . reaction m xture,

(2) further reacting the reaction mxture at a 30 tenperature
from 150 to 400[err] C and a ‘pressure which is |lower than the
pressure in 802p/47257 the tefperature and the pressure

bei ng sel ected $6188 ﬁ)HaQQt apfiga first gas phase
and a first liquid or a first solid phase or 35 a mxture of

first solid and first Iliquid _ phase, and the first gas phase
i s separated (4) postééﬁdﬂanéhﬁg f thet fllh:%lﬂ;'dlq"qultd"e od i Igirgsolid

hase or fromthe m xtur | rst i.d a 0050/ 47257
P 5 - ?%f‘g a%’é l@r?d Rixture of Eiyshost nsi ng

the firstd liquid or f|a13¢1 flrst solld phakid a]:haaet@tnpbhtatmrxat ufeorof first

liquid 5 fictst d as eraI re. fr
200 to 350[err]C and :@g?egsur%§%écﬁﬂg % %Feregsrl&gp witich %W?Iﬁe
pressure of step 3, theharnpbeapressure of step 3an¢h@rmetratrsmg

sel ected so as to obtaihdapressure being §§§.@E@edw§toeg.s et%do t 1 a
ammoni a- conpri si ng gas 10 phase and a secon second

sol i d phEReeRi: a Weketire éPdse@&m9Q%Qmﬂquﬁﬂflng gas
second 46l id phase, ermérs@admd:oaprsé@oﬁ@e liquid Ior sec@@ayasmﬂﬁi 15
The aminonitrile can he in principle any amnopnitrile a o
conpouind havi ng both a?eh?%%sto%ne arﬁuﬁﬁr%ﬁ p°P SeFRTd ]1Jé§§td r?é?/q'ntrl | e
group. [err]- AWInomtr$¢GQn®rsolld[phﬁsaxedhlehp&mﬂﬁl¢ohprikeaﬁnnoalky
nitriles having from polyamide.

15 The aminonitrile can be in principle any aminonitrile,
ie., any compound having both at least one amino group
and at least one nitrile group. ®-Aminonitriles are
preferred, especially -aminoalkyl nitriles having from
4 to 12 carbon atoms, more preferably from 4 to 9

20 carbon atoms, in the alkylene moiety, or aminoalkylaryl
nitriles having from 8 to 13 carbon atoms, preferred
aminoalkylaryl nitriles being aminoalkylaryl nitriles
which have an alkyl spacer of at least one carbon atom
between the aromatic unit and the amino and nitrile

25 group. Especially preferred aminoalkylaryl nitriles are
those which have the amino group and nitrile group in
the 1,4 position relative to each other.

The ®-aminoalkyl nitrile used is preferably a linear -
30 aminocalkyl nitrile in which the alkylene moiety (-CH,-)

preferably contains from 4 to 12 carbon atoms, more -

preferably from 4 to 9 carbon atoms, such as 6-amino-1-

cyanopentane ' (6-aminocapronitrile), 7-amino-1- .
cyanohexane, 8-amino-1l-cyanoheptane, 9-amino-1-
35 cyanooctane, 10-amino-1-cyanononane, particularly

preferably 6-aminocapronitrile.

6-Aminocapronitrile is customarily obtained by



4 to 12 carbon atons, nore preferably from4 to 9 20 carbon atons, in the
al kyl ene noi ety, or am noal kyl aryl nitriles having from8 to 13 carbon
atons, preferred am noal kyl aryl nitriles being am noal kylaryl nitriles
whi ch have an al kyl spacer of at |east one carbon atom bet ween t he
aromatic unit and the amino and nitrile 25 group. Especially preferred
ani noal kyl arQA5H4%33%s are t hose whfch have the amino group and

nitrile grouydrbgenatith 1, 4£P0ddigbhi@tald Ve alec2@ihgOt N€S-  known The
érr]-_30 _am_noal kyl

‘err]-amnoal kyl nitrile used.is_preferably a, |inear |

Li t r% le in W c{]she Qﬁﬁﬁréﬁsdmﬁ% ye¥appse) in DErdr 8361 938ontE@s from 4
to 12 carbor84s, @8 awrus-A 5,A5f,&840ly from4 to 9 carbon atonms, such as
6- am no- 1- cyanopent ane (6-am nocapronitrile), 7-am no- 1-
cyanohexane, 8- am no- 1- cyanohept ane, 9-am no-1- 35 cyanooct ane,
10- ami no51- @fancevnase, it ipamliscul pesyible moefesabmixtures of a

6- am nocapr {4414 6- gy ril I S, 2 omarid y obt ai ned
by %l%fdl(ig:gQ/ 47°2f57_ RTRRAR IS - o‘ér - iux‘lﬂr#é%ffr ogé’r?at i 5h of
adi poni tri | @RV FHIAF tWithknokHrther maamanomersicri bed f exagwdepl e in

DE- A 836, 93&agdolActam HEHDHNowlBtFineld hiddtire. 5 O course, it is

al so possible to use m xtures of a plurality of amnonitriles or .
m xt ures of an amnonitrile with further comononers, for exanple
caprol atbamIor & hpabelouldef iembddiments,e.espedially aipacbpellyamidegodi ment,
especially if.copal yam re be ared, t.he follaqw ng mxture is
used I ns reeadlEg’f %l%‘r gﬁg?%ﬁrﬁgbap@%ﬁi tfrﬁf(;&’lng mixture 1s dsSd

_ instead of pure 6-aminocapronitrile:

- from 50 to 99.9, preferably from 80 to 90, % by weight
15 of 6-aminocapronitrile,
from 0.01 to 50, preferably from 1 to 30, % by weight
of at least one dicarboxylic acid selected £from the
group consisting of aliphatic C4-Cio-0~-®-dicarboxylic
acids, aromatic Cg-Ci;-dicarboxylic acids and Cg-Cg-
20 cycloalkanedicarboxylic acids,
from 0 to 50, preferably from 0.1 to 30, % by weight of
an o,®-diamine having from 4 to 10 carbon atoms,
from 0 to 50, preferably from 0 to 30, % by weight of
an o,®W-C;-Ci3-dinitrile, and
25 from 0 to 50, preferably from 0 to 30, % by weight of
an o, ®-Cs-Cj;-amino acid or of the corresponding lactam,

the individual weight percentages adding up to 100%.

30 Suitable dicarboxylic acids include. aliphatic C4-Cjq-
o, ®w-dicarboxylic acids such as succinic acid, glutaric
acid, adipic acid, pimelic acid, suberic acid,  azelaic
acid, sebacic acid, preferably adipic acid and sebacic
acid, particularly preferably adipic acid, and aromatic

35 Cg-Ciy-dicarboxylic acids such as terephthalic acid and
also Cs-Cg-cycloalkanedicarboxylic acids such as cyclo-
hexanedicarboxylic acid.



from50 to 99.9, preferably from80 to 90, % by weight 15 of

6- am nocapronitrile, from0.01 to 50, preferably from1 to 30, % by
wei ght of at |east one dicarboxylic acid selected fromthe group
consisting of aliphatic (Jerr]-Cerr]-[err]-[err]-di.carboxylic aci ds,
aromatic C[erq%q&err -di carboxylic acids and CJerr]-Cerr]- 20

cycl oal kaned! c acids, from® fo 50, preferably fromO0.1 to 30,

% by wei ght S).iltabl@m[@’-dlaﬂiﬁé"s NBakdvgn Erfondn 4tb 0180 c&&ﬂd@@n MBS,

f 0 to 50, f 0.1t % b t f
Lerr] [err] Qe of BrrefibyrRedianingt "BeesNuaeiranian v 1rom
0 to 30, % ti)em%}thylﬁnedlaxmé.err] Heperanje t@fyelerjedidmineaci d asctaf- t he

correspondl the indiyj ages ad up to
100% r}%,ll ta]tb%l.mdl car%ox lic am&c eeﬁ@%% a iC - -
[err]-di §ar istsgamethcl %rse@mmr@. mﬁw@hClmeX@mbYl@ledlammd adi pi c

acid, pinmelic acid, suberic acid, azelaic aci d, sebacic acid,
_preferably adi pic acj d nd sebaC|c acid part|cularly preferably adi pi c
acid, and ardmatit &% r Blgr Bosfiiki®odtn | sk e ldirch of

t er epht hal | cafitehenthoned al s@iédepotyierr] aeyakoal kadedi Gardiindd c acids
l.i.c aci 0050/ 47257

such as cyclo- xane carbox

-7- Sui taskﬁem[ Jf:f)l [ertiS di afits hafiing f AHRES 0 13 bon 2

i ncl udelfet r@mmwmmmn@emm his doesléirmrasneq 6 salt.

hexanet hyl enedi am ne, hept anet hyl enedi am ne, oct a-

nmet hyl enedi am ne, nonanet hyl enedi am ne and 5

decaret hyl erfé i AeC2Shefdinblyi he xasedhjsepeeferahdy an aliphatsid urt her

al so possi bl di Mk sabdéh ofaghes, 4- dfilf:%ﬁsﬁﬂtaﬁeed (adqg)@f RPnldyc  acids

:Eg .dl am r‘!I.ESS d:l.cyaes peecritaaln ihg d1c§21[1tohexane, dJ.cyanaclzuc—I d
15  Theptane, 1,8-dicyanooctane, 1, 9—d1cyanononane,
1,10-dicyanodecane, particularly preferably
adiponitri le.

If desired, it is also possible to use diamines, dini-
20 triles and aminonitriles derived from branched alkyls

or aryls or alkylaryls.

The a,co—Cs—Clz.—émino acid used can be 5-aminopentanoic
acid, 6-aminohexanoic acid, 7-aminoheptanoic acid,
25 8-aminooctanoic acid, 9-aminononanoic acid, 10-amino-
decanoic acid, 1ll-aminoundecanoic acid or 12-amino-

dodecanoic acid, preferably 6-aminohexanoic acid.

According to the invention, the £first step (step 1)
30 involves heating an aminonitrile with water at a
temperature from about 100 to about 360°C, preferably
about 200 to about 350°C, especially about 250 to about
300°C, to which a pressure from about 0.1 to about
35 x 10° Pa, preferably about 4 to about 30 X 10° Pa,
35 especially about 6 to about 12 X 10° Pa, is set. In this
step, the pressure and the temperature can be adjusted
relative to each other in such a way as to obtain a

liquid or a solid phase and a mixture of liquid or



10 hexanet hyl enedi am ne, which is known as 66 salt. The
[err],[err]-CJerr]-Clerr]-dinitrile used is preferably an aliphatic
dinitrile such as 1, 4-di cyanobutane (adiponitrile), 1, 5- di cyanopent ane,
1, 6-di cyanohexane, 1, 7-dicyano- 15 heptane, 1, 8- di cyanooct ane,

1, 9-di cyanononane, 1 10- di cyanodecane, particularly

preferably 005Qﬂﬁ?&ﬁﬁtrlle If de8ired, it is also possi ble to use

di am nes, dlgglld'zq,hggé £ agu&raegggwlﬁﬁagé\s derived from branched al kyl's
or aryls or alkylaryls. he [err],[err]-Cerr]-Cerr]-anino acid used

can be 5-am nopent anoic acid, 6-am nohexanoic acid,
7- am nohept a@idrdiagy dto2¥hes- mmmnomteaciib _ uSedniimonanandiax aci d,
10- am no- decangi ¢_aci d 1; anlnawpdeggnoa%.a . Ql. mn

ci
dodecanoi c §'Eforn fsﬁéBPalg m%ﬁ)exan0| - éaéﬂl cco?dﬁ%ch)the :
i nventi oh, tJh:é. ftostl:S0ep m@tw@am prefeveblyheditinign the amngsnitrile

brererany 17 o8t Al TRCER ERTANY PSR A RIS pout

300[err] C, (xngeq cﬁramprlegsuﬁz@ frém aprifiexence obghpgt giversst fifeerr] Pa,
preferably afuiod dH&POLK éﬁcéséo[saééd%n 3he AmRBGLANN MIQWiI@ toO

about 12 x 10[err] Pa, is set. In th step, the pressure and the
t enperature ‘be adj ust ed relatlve to each other in such a way as to
obtain a0 liquid or a solid phase and a m xture of liquid or

gggg/r grﬁ37torfhe FRven |°g‘r%m8evr\}a ‘er théoll}lsg‘blggasoer agglﬁdg%sneaoslg BPaﬁ—_%e
mixture of liquid and solid phase corresponds to the
reaction mixture, whereas the gaseous phase |is
separated off. As part of this step, the gaseous phase

15 can be separated from the liquid or solid phase or from
the mixture of solid or 1liquid phase at once, or the
synthesis mixture forming within this step can be
present in two-phase form: 1iqui_d/gaseous,
solid/gaseous or liquid-solid/gaseous. Of course, the

20 pressure and temperature can also be adjusted relative
to each other in such a way that the synthesis mixture

is present as a single solid or liquid phase.

The removal of the gas phase cah be effected by the use
25 of stirred or unstirred separating vessels or vessel
batteries and by the use of evaporator apparatus, for
example by means of circulatory evaporators or thin-
film evaporators, e.g., film extruders, or by means of
annular disk reactors, which ensure an enlarged phase
30 interface. In certain cases, recirculation of the
synthesis mixture or the use of a loop reactor inay be
necessary to increase the phase interface. Furthermore,
the removal of the gas phase can be furthered by the
addition of water vapor or inert gas into the liquid
35 phase.

Preferably, the pressure is adjusted at a preselected
temperature so that the pressure is smaller than the



rratio of amnoal kyl nitrile to water within the range 5 1:1 to 1: 30,

particularly preferably wthin the range 1:2 to 1:10, very particularly
preferably within the range from1l:2 to 1:4, preference being given to

t he . use of water in excess, based on the am noal kyl nitrile used.

10 In this enmbodi ment, the liquid or solid phase or the m xture of

l i qui d and 950 dA2eske corresponds to th® - reaction nixture, whereas

t he gaseou%qtﬁrlalgtﬁrlﬁ vapor §Pedsd ek 0bf - affioR@h! Bltt Bireatleep tHahe
gaseous phase 15 can, be separated fromthe lf q\_’uhd or soI i d phase or from

the mixture e AEH IR IR VEPBRaPE SE UG Rc & ¢hather SOMPORERESy xture
formng wthirmh dHd %ﬁimm rb:Exture paesenta given tempewaplaee Thifsor m

| i qui d/ gaseous asequ ui S ur t he

20 pressur &¥%hd %%wb%rg?ﬁgég‘%n 5“1303: %Sée%jé%iﬂg aﬁg re%v%? o%gch

ot her i nSSudnummay &hdt thiues ssypméﬁsup ihe uhEdrolyssSpr@Sehheagcr&%l ngl e

solid or %Or%%q‘ The renoval of the gas phase can be effected
S ed or

by the use unstirred separating vessels or vessel
batteries and by the use of evaporator apparatus, for exanpl e by neans

of “circul at gfgePvapehat Q;es Qiriéd- out Udiy eYEDEF&d 0%8ss818,, Hlidwn
extruders, or, by neans of annul ar di sk reacto whi ch (gsure an

enl arged ph&IPSH OFnt ¥pFELL. b"’}trFe’f:’é?ﬁ'al A EWQER {lasfaeé?lfcf:‘iﬁ' r%n 15 t he
synt hesiig nNpddferably heaisd ed aultoonsliﬁgctoessaysbeor anmaa&ﬂ:a.rqnto

I ncrease the phase |n erface. Furthe nor e re f s phase
can be furtrFecﬁe‘ﬂmby YREreas 2y KPR %¥e\/\&f1¥?l\3’§'5§r aopg%fgé % gas |n o the
liquid 35 pheisese is pReféecablyy caxtre.e@r esstir aisinadpuspacked £1low

presel eoLed tupe ! CFRE" AW GHf Oa' Rl NGRS SHEECSr? MHd A1 taltal 1P

packed, in the f:Lrst_ process step is likewise possible
15 and advantageous. for a two-phase procedure especially,
to improve the heat transfer and to further reduce the

axial back mixing of the reactants.

Usable packing elements include, for example, Raschig
20 rings or Sulzer mixing elements in order that a narrow
residence time distribution may be ensured and in order

that back mixing may be limited.

In a further embodiment, the reactor of the first step

25 is subjected to a downward flow regime, in which case
it is again preferably equipped with packing elements
which 1limit any axial back mixing of the reactants. As
a result, the ammonia gas liberated in the reactor,
predominantly directly after entry into the reactor,

30 reaches the gas phase at the top of the reactor by the
most direct route. Interference caused to the flow
profile in the further course of the reactor by
ascending gas Dbubbles or convection is therefore
minimal.

35
As regards the residence time of the synthesis mixture
in the first step, there are no restrictions

whatsoever; however, it is generally set within the



equi | i brium vapor pressure of ammonia, but greater than the equilibrium
vapor pressure of the other components “in the synthesis mxture at the
gi ven tenperature. This way, it is possible to favor especially the
renmoval, of 5 ammonia and thus speed up the hydrolysis of the acid

am de groups. Step 1 can be carried out using stirred vessels, flow
pi pes or vedDAOMAAri es. A two-phase pilocedure is 10 preferably carried

out Using VEeSSRleS o &BSEEON10 maRUEE I exSodk P p6edpu@risnvol vi ng
a single liqui phase 1s preferably carried out using a packeg fl ow

tube. The ud¥FsferallybeWbtiiim e theacknpge daom Abery30 mineked, ton the
first proceaboited ioudskew se possible 15 and advantageous, for a

t wo- phase procedure especially, to inprove the heat transfer and to
further reduce the axi al back m xing of the reactants. Usabl e
packi ng 2l eddrthoughc| udtherdeor exaapl eno Rasebsgr26tionags ahaSsbaekerm xi ng
el ements in . a es) Y i ' i be
ensured and c%%%grgé?@ tf'911({"]h<£;11t% 8%3& onﬂ; x?%%sﬁgglégwﬁf?nr?{e#&é ?ﬁ}ofl?éa
further enbd® nefep iLheeitdwst.orecptnomict nessonsepeddecialvibddctedeto a
downvar d ] @alteOLHE, ddhvbleibi a9 nitkils AL PLsS eLabpy £aYepped
w t h packing el enents which | imt any axial back m xing of the
reactants. Aeneraldy; cagf: lesge Ehamnekogss 19 bBPABed RYEESAPBACEST

pL edoni mmth 1yeadity e?]bb%t afstsermoqm,L Yahat ceslﬂt&biraqequj OwitB9n rees hieanbafe gas
phase at the_to t.he.react o t nost di.rect route..|nterference
caused to tﬁfgoﬂo out %'? ogf)l 8Ii)|°|‘i1¥:( r#}eflﬂ?}%mBéﬁﬁflsgnoftkfﬁhem?%ﬁﬁt 8F by

ascendi ng gasilpemiltes ler usadiection is therefore mniml. 35 As
regards the residence tinme of the synthesis m xture in the first
st ep, there are no restrictions what soever; however, it is

general |y s&hepiniirikeegroup conversion is customarily determined
15 by means of IR spectroscopy (CN stretching vibration at
2247 wavenumbers), NMR or HPLC, preferably by IR spec-

troscopy.

In a further preferred embodiment; the aminonitrile/

20 water mixture is continuously heated with the aid of a

heat exchanger and the mixture thus -heated is

introduced into a reaction vessel heated to the same

. temperature, preferably into a tube which, if desired,

may include internals such as Sulzer mixing elements to

25 avoid back-mixing. Of course, the aminonitrile and the
water can also be heated up separately.

Nor does the invention rule out conducting the reaction
in step 1 in the presence of oxygen-containing

30 phosphorus compounds, especially phosphoric acid,
phosphorous acid and hypophosphorous acid and alkali
metal and alkaline earth metal salts and ammonium salts
such as NazPO,, NaH;POyq, Na;HPO,, NaH,PO3, Na,HPO3,
NaH;PO,, K3PO,, KH;PO4, K;HPOs;, KH,PO3;, K;HPO3;, KH,PO,, in

35 which case the molar ratio of o-aminonitrile to
phosphorus compounds is selected within the range from
0.01:1 to 1:1, preferably within the range from 0.01:1
to 0.1:1.



0050/ 47257 - 10 - range from about 10 m nutes to about
10 hour's, preferably within the range from about 30 mnutes to

about 6 hours. 5 Al though t here are no restrictions

what sogver concerning the degree of conversion of nitrile groups in
step 1 either, econom c reasons especially dictate that the conversion
of nitrile 9959&é7257step 1 be genetdl ty not |ess than about 70 nol %
preferably at 10 |east about 95 nol % and especially within the range

from about 97 t o_ about, 99 rrg % based . on the nol es of am nonitrile
used. NeRe 4795 i ¢ gFBLp DHveMSing i newR: Bial y oxdossni nEar 15 by

means of IReﬁaﬁp]ELéOSEDWnl {@GhN Hircticidang \zlllifc®ﬁ116hﬁ1 abxide, ZZéYuM@ﬂf %aunbers)
NMR or HPLC efera | R spec: n a further
pref erred eﬂﬁg nentQaXFﬁéngﬂi ﬂ%fﬁ?re/ ﬁﬂgnﬁ§¥ﬁw n19¥h$% i s % At 1 nuousl y
heat ed \Aithprhéeaablyf atitanheat daccbam anﬁbrthehetre:mgleneombus
heated is ?Eigdﬁﬁe%h'e”t&dtfiﬂ% 7! %L%o ‘Lté’ré&e

pre b

terrperature erably into a de SI nay |nc ude
internal s sthR onvELsdom x¢$@e@i@hb3ﬁt oft otm% navmaebms« ngay Of

course, thebémfntﬁmﬂerx‘éae afide t B%ovemeﬂ%&%‘he@.ar}nééép bgikeat ed-d'Pnot
separ at ely. does the invention rule out conducting the reaction

in step 1 |Hs?ﬂelﬁ‘r Méofb%RyEEﬁYcGﬁPalhﬁ fSed 1Bh&§ERSr Us tO cdnpounds,

especi dld y ipheRpbAr t&se 8Beduse inpbesephor egspaeifdraad.hypophosphorous
acid and al kal i netal and al kaline earth netal salts and ammpnium salts

such as Na[err]PJerr], NaHerr]P(Jerr], NaJerr]HP(err],

NaH[ er r] PQ accdrding| erto] HRBleer r jnventidaH ethpPOmyadtidf ermi®Gheer],
KH P HR K R

KH% g;H Pg[[ Sbbt aiffed] thHEHke s Ml 1RO @ ddne AN H Mdeep 2
[err]-am nofFt rﬁl ete{f‘@eratuﬁﬁospfﬁ@ﬂUs abomfourddd | axelakewd WEAPA: t he
range flrs)m pref8rabl¥ be & tempeehenal WwiwHibi tHe-drfWerfosmmato@d: 1

to 0.1 220 to about 350°C, especially within the range from

about 250 to about 290°C, and a pressure which is lower
than the pressure in step 1. The pressure in step 2 is
preferably at least about 0.5 X 10° Pa lower than the

20 pressure in step 1, and generally the pressure will be
within the range from about 0.05 to about 45 X 10° Pa,
preferably within the range from about 0.5 to about
15 x 10°% Pa, espec1a11y within the range from about 0.5
to about 5 x 10° Pa.

25
In step 2, the temperature and the pressure are chosen
so as to obtain a first gas phase and a first liquid or
first solid phase or a mixture of first 1liquid and
first solid phase and the first gas phase is separated

30 from the first liquid or first solid phase or from the
mixture of first liquid and first solid phase.

The first gaseous phase, which consists essentially of
ammonia and water vapor, is generally removed conti-
35 nuously by means of a distillation apparatus, for
example a distillation column. Any -organic constituents
of the distillate co-removed in the course of this
distillation, predominantly unconverted aminonitrile,



0050/ 47257 - 11 - Nor does it rule out using known
met al oXi des, for exanpl e titanium di oxi des, zirconium oxide, alum num
oxi de, |anthanum oxi de, magnesi um oxi de, etc., 5 preferably
titani ugn di oxi des, for het er ogeneous catal ysis in the individual
process steps in order that t he conversion, especially of the nitrile

groups, may 00504%72%7thered. The aboverdttoned netal oxides are not
used in stepcdn e WheYlgamepyselyl redhwited §Atd. Hbpih Whghease the

use in step
m xture

a tenperature fromabout 150 to about 400[err]C, 15 preferably at a

t enperature
especi al ly

1is %referred. According to the invention, the re
BbtRifed in the first step is further reacted in step 2

.220 t,0 .about, 350

action
at

oo Ee L A 200TpL BF BB benetiBh mikIOn o048 1 19nd

pressur e whikot | suldiget to t hay t espréssdpesi nwhatpodvefhe puessise in

step 2 is

pressure in step 1, and genera

ressure w

gei I A0k calid ephL t%ﬁégkﬁpe Oezofh TGHEL] 1R nOUGELLNAN,

from about (PREIE oSalinrsss rabewalbly Pwithin ghe erange wirom rahdut

from about 01% hinebesitto abddt Xa UbeF&] Pa, especially within the range
fromabout 0.5 to about 5 x 10[err] Pa. 25 In step 2, the

t enperat ure

and the pressure are chosen so as to obtain a first

t he 20
e range
range

gas

phase ad@ a Thespriodyeitd bine bdtwesdn sehied phese end setsbuae sfedd r st

| ol | and the firs as, phase i s separated 30
from the fir%ﬁtiééﬁﬁﬁiqrthpgﬁﬁgol%?%ﬁiﬁﬂac)i?$%ﬂ¥$he Tor’ SRARISS first
liquid and fR#%ﬁhgmlidiy§§se.Or Sulgwy f i mdikiggseoetepemss, whilticlcor
flcilitAFE0N a éBHtf@ifédanQbanbioﬂen%%aL%%éwm?gé%{ng“" 35

liquid and

essentially
nuously by

15

20

25

30

35

means of a_distillation -apparatus,
mixture into the gas phase.

In step 3, the first liquid or the first solid phase or
the mixture of first liquid and first solid phase is
admixed with a gaseous or 1liquid phase comprising
water, preferably with water or water vapor. This is
preferably done continuously. The amount of water added
(as liquid) is preferably within the range from about
50 to about 1500 ml, more preferably within the range
from about 100 to about 500 ml, based on 1 kg of the
first liquid or first solid phase or of the mixture of
first liquid and first solid phase. This addition of
water primarily compensates the water losses incurred
in step 2 and furthers the hydrolysis of acid amide
groups in the synthesis mixture. This results in a
further advantage of this invention, that the mixture

onsi sts

of the starting materials as used in step 1 can be used.

with a small excess of water only.

The water-comprising gaseous or liquid phase is prefe-
rably preheated in a heat exchanger before being intro-
duced into step 3 and then mixed with the first liquid
or the first solid phase or the mixture of.first.solid
and first liquid phase. The reactor may optionally be
fitted with mixing elements which fﬁrther the mixing of



exanple a distillation columm. Any organic constituents of the
distillate co-renoved in the course of this . distillation, predom nantly
unconverted aminonitrile, 0050/ 47257 - 12 -

can be wholly or partly recycled into step 1 and/or. step 2. The
residenge tine of the reaction mxture in step 2 is 5 not subject to any
restricti on900B44386Ver, but is genéBatly within the range from about

10 minutes tfe com?gﬁghtg_hours, preferably within the range from about
15 m nutes to about 4 hours.- 10 The product line between the first and
second steps optionally contains packing elenments, for exanple
Raschig ripgep @& iSubgerat&iixatg a etempetaturewWirolh 150 fasi 4D0&Ce a

control |l ed expansi on of the_reacgtion I xt.ere_into the gas phase. 15
In step 3, Fﬂ@ FiP§FSFPﬁﬁigr8P hg °r 3f ggﬁbd %ﬁase or the mixture of
~first li%uid and first solid phase is adm xed with a gaseous or liquid

phase conprj.si.n e p&ﬁﬁ&; | t t 95 ¥etely UaPOokachhis is
20 preferagﬁﬁ %ﬁﬁfﬁ%ﬁﬁi%ﬁgus y.éﬁégﬁg%mg?ﬂggﬁaatej aﬁqu ?gs | i qui d)

i s preferabbghgict hin t$ich amgewbvonthabutthe symthesdfoumizbyFer 1Snpre

preferably w Egbﬂtt igfs randengle flri(agi@%l,} 469150 AR, 5ﬂQ_ Bhothaged on 1
uid or first solid ghase or of the nlxﬁgéﬁﬁa; 25

kg of the rirst liq
first |iqui 6nkpdimenty S JPERESETeTIANG 188TPREATHFS 3rQufE rily -

conpensgd es sbha-ns! ef 10688 bRCWdldd phasd@ step Zniatwhrdferdhesslifle
S L RPRE G ah P P S R Bt haRef henhe xPBralibd of e
starting naterithis asmbeddmentst gfhel tagubd weedsolidwphiasg seml Fhexcess of

wat er Or”y'mixt:ure of liquid and solid phase corresponds to the

product mixture, whereas the gaseous phase is separated

15 off. As part of this step, the gaseous phase can be

separated from the ligquid or solid phase or from the

mixture of solid and liquid phase at once, or the

synthesis mixture forming within this step can be

present in two-phase form: licuid/gaseous,

20 solid/gaseous or liquid-solid/gaseous.

The pressure can be adjusted at a preselected
temperature so that the pressure is smaller than the
equilibrium vapor pressure of ammonia, but greater than
25 the equilibrium wvapor pressure of the other components
in the synthesis mixture at the given temperature. This
way, it is possible to favor especially the removal of
ammonia and thus speed up the hydrolysis of the acid
amide groups.
30 _
The apparatus/reactors wusable in this step are

identical to those of step 1, discussed above.

In a preferred embodiment, the two-phase procedure is
35 carried out by subjecting the reactor of step 1 to
downward flow, in which case this reactor is preferably
again equipped With packing elements which 1limit any

axial back mixing of the reactants. As a result, the



The mater-conpr|5|ng gaseous or liquid phase is prefe- rably preheated
in a heat exchanger before being intro- 35 duced into step 3 and then-

mxed with the first liquid or the first solid phase or the m xture of
first golid and first liquid phase. The reactor nmay optionally be
fitted with n1X|n%'eIenents whi ch further the m xing of

0050/ 47257 0050/47257 . 13 - t he ddnponent s. Step 3 is operated
at a tenper aimxchifd 0%@%&3&995@&& the a%aa:wxessmabﬁﬁma&two 30 x
106 Pa. 5 The pressure and ngeraaﬁ{e can be adéusted to, each

other in sufiZesidy ¢ ?e¥h%n§§¥tﬁ § S tRRAFET, rearRednfthgs 985 ngl e

liquid or s@Habephase.ched @opt hef the eﬁbadtaentbyt BReprasstir diamdt

t enperature ar sel ed-10 so that g sol i e or n1xture
of ol Pk i pheatd el F bt Rt R ERE e T
this enbBdi rfarrtt;hetmecwm dobr thel mﬂeapﬁta:s:e oy aheendmgn gaer dubblesqui d and
solid phase oq:orgoqg;&rs@j%é o d hﬁqerefcﬂ:r{qﬁﬁﬁhxﬁgi(ture wher eas the gaseous

phase is separate part I's step, the gaseous phase can be
separated fromthe liquid-or solid phase or fromthe m xture of solid

and liquid phase-adi e @fmé hes thl§yg{:Q§5h§ i bWh 8ef 916@ L0} éd”t' n this
step can be pr esent E ase form i aseous
0 9@%@

20 solid/ g&ééoé?yorrﬁﬁﬁﬁi’-ﬂtéﬂpﬁd/ g]a‘é (_geonomic JmRASAR[g
adj ust ello atdictatiy eset@igedfrom ileSREr B0 Ungénteeshab tbeupr esdisurs,s

Than 25t ne IR dHApAY He Rt o SR components © in the
synthesis m xture at the given tenperature. This way, it is possible to
favor eSpeCi'ﬂ'H ypf@&ué@”ﬂ‘i%'tu?‘% obtained in step 3 can be further
processed as described below.
15 |
In a preferred embodiment, the product mixture of step
3 is subjected to a postcondensation in step 4 at
temperatures from about 200 to about 350°C, preferably
at temperatures of about 220 to 300°C, especially from
20 about 250 to 270°C. Step 4 is carried out at a pressure
which is below the pressure of step 3 and would
preferably be within the range from about 5 to
1000 x 10° Pa, more preferably within the range from
about 10 to about 300 X 10° Pa. In the context of this
25 step, the temperature and pressure are selected so as
to obtain a second gas phase and a second liquid or
solid phase or a mixture of secoﬁd liquid and second
solid phase which each comprise the polyamide.

30 The postcondensation of step 4 is. preferably carried
out in such a way that the relative viscosity (measured
at a temperature of 25°C and a concentration of 1 g of
polymer per 100 ml in 96% strerigth by weight of
sulfuric acid) of the polyamide assume a value within

35 the range of about 1.6 to about 3.5.

In a preferred embodiment, any water present in the
liquid phase can be expelled by means of an inert gas



ammoni a and thus speed up the hydrolysis of the acid am de groups. 30

The apparatus/reactors wusable in this step are I dentical to those
of step 1, discussed above. In a preferred enbodi nent, the two-phase
procedure is 35 carried out by subjecting the reactor of step 1 to
downward flow, in which case this reactor is preferably agai n equi pped
wi t h packi ng0eb8rien287which linmit any - 15axial back m xing of the

react ants. A? ulh! §8Uht rrbfeén. 0050/ 47257 - 14 -
ammonia gas |1 berated in The reactor, predom nantly directly after
entry into the reactor, reaches the gas phase at the top of the reactor

b% tgef rTDSL @héet‘xtesmefrfdaﬁtelménh&’rfm@neeaeggi&ﬁd mﬂﬁﬁhﬁ)r iawsgreafide in

t he urther, cour.se of the reactor cendi ng s ,hu es . Or
convection | 9PRBAS HPHIRA . © che T‘ﬁ%_spég'igdé%g‘gttlivﬁe %%s?ﬂ%&gt epis

| i kew se shot thabjteamperatm,antyhe epresstirengnduthecaemonnt raefaswater -
general ly 10 égagﬁ gtg nge fromabout 10 m nutes to about 3 hours,
preferably ab to out 90 m nut es. The product m xture obtalned
in step 3 can be further processed as described below. 15 . In a

preferred empediggdy , 3t hes pb?@!r}ﬁﬁ:e@ X44Ir g OfiS§EP-phase e ?51% ectgd to a

post condensation in ste enper.at ur es fron1about 00,to £§Ut
350[ err] C, pPEPENGH| yine %ﬁt“(%?\‘be?ﬁ?arés ahd aBbEP Z2d"a% %@5{-%???

especi allgy f&aﬁpa@nam&ﬁ@o dXemetifser rféx Sicampélel Rathilgedrings abra
pressure

bel of d d ferabl
e v thi n t S ARG MEFaRORRAS By WALCHO G SR e$$rft5“§?1%%rsxg$é?e?;§| y

wi thin the ranga bfothe reaction mlxture in the gas phase.

In a further embodiment of the invention, step 3 may be
15 dispensed with and the polyamide is prepared by
carrying out steps (1), (2) and (4).

This variant is preferably carried out as follows:

20 In step 1, at least one aminoalkyl nitrile 1is heated
with an excess of water at a temperature within the
range from about 250 to about 350°C, more preferably
from about 270 to 300°C, and a pressure of from about 4
to 30 x 10° Pa, more preferably from about 6 to

25 30 x 10° Pa, in particular from 7 to 13 x 10° Pa and
particularly preferably from about 8 to 12 X 10% pPa, the
pressure and temperature being adjusted to each other
in such a way that the synthesis mixture is present as
a single liguid phase and the nitrile group conversion

30 being not less than 95 mol%, more preferably within the
range from 97 to 99 mol%, based on the moles of
‘aminoalkyl nitrile used, to obtain a reaction mixture.

The reaction mixture is treated in step 2 at a tempera-
35 ture within the range from about 220 to about 300°C,
more preferably from about 250 to 270°C, and a pressure
within the range from about 1 to about 7 X 106 Pa, more
preferably from about 1 to about 4 X 10® Pa, the



about 10 to about 300 x 10[err] Pa. In the context of this 25 step, the
tenperature and pressure are selected so as to obtain a second gas
phase and a second liquid or solid phase or a m xture of second liquid
and second solid phase which each conprise the pol yam de. 30 The

post condensation of step 4 is preferably . carried out in such a way that
the rel ati v&@0204&d2i5y (neasured at 1& tenperature of 25[err]C and a

concentrati gpefsukred DA stepPd YBRAnBeratlOQelkti M 5% stotensd h1bwewei ght  of
sul furic aci of, t he gol xam de ahsesurre .a value wi.thin 35 the r%nge of about
1.6 to abouttigns in step| ., AR Jfhe  GAEnodS et ahgSHAEEPI prddElt in the
l'i qui d phaseazaphaseexpelsepdrayt ede fronofthen fiirertt lgamiid phase.

0050/ 47257 - 15 - such as nitrogen. The resi dence
time of the reaction mxture in step 4 depends especially on the

desi red 5 el Shievdivisdcdsiquid Phare tebipuinedirin shepp2eisutseanedt ha anount

- of water s&%%f'a aSttf'élirrl];gé%ature witBi#Pehe | 5affET 8166 8BofrShpgl e-phase

regi ne, the oduct etween step 3 and step 4 ma¥ ogtlonally 10
contain packiong & Grerfiere fpretREaAply RESBhAPMFEP brto 2780FzeANM Xi ng
el ements, wRi chrabbayea wiitiw! ked expage fromsi aboft the reRchbencm xture
I n the gas %Lb Se. . 3 In a further enbggl nment of _.the in entlcE)ln .Step 3
may be 15 di %eﬁ%é& wi PAr anfioFfie BERESHAREYi s2Fr efRPEG bFTMOSPESFAGi ng out
steps (10, (E2esamte,4) the resulting second, water- and ammonia-

comprising gas phase being separated from the second

liquid phase. Within this step, the relative viscosity

(measured as defined above) of the resulting polyamide

is adjusted to a desired value within the range from

15 about 1.6 to about 3.5 through choice of temperature
and residence time.

The resulting second liquid phase is then

conventionally discharged and, if desired, worked up.

20
The above-described processes, 1i.e., the sequence
according to the invention of steps (1) to (3) or (1),
(2) and (4) or (1) to (4), can be carried out
batchwise, i.e., in succession in a single reactor, or
25 continuously, i.e., simultaneously in  successive

reactors. It is also possible, of course, to carry out
some of these steps, for example steps (1) and (2),
continuously and the remaining step(s) batchwise.

30 In a further preferred embodiment of the present inven-
tion, at least one of the gas phases obtained in the
respective steps can be recycled into at least one of
the preceding steps. |

35 It is further preferable to select the temperature and
the pressure in step 1 or in step 3 or in both step 1
and step 3 so as to obtain a liquid or a solid phase or

a mixture of liquid and solid phase and a gaseous phase



This variant is preferably carried out as foll ows: 20 In step 1, at |east

one am™oal kyl nitrile is heated with an excess of water at a
tenperature within the range from about 250 to about 350[err]C, nore
preferably from about 270 to 300[err]C, and a pressure of from about 4
to 30 x 10[e Pa, -nmore preferably from about 6 to 25 30 X 106
Pa, in par t0i /ér73‘570m 7 to 13 X 10[erd]7 Pa and particul arly
preferably famRbdpfdie b cHY dfaréed?ﬁs gH¥se. pressure and

t enper at ure bei ng ad usted to each other - in such a way that the
synthesis mxture is present as a single liquid phase and the nitrile
group converrir@heithorde ndnnothkeesaohbant 950 Aol Che Mo dud eroﬁal yhei t hin
t he range fr%m 97 to 99, m)li based%ﬁgriet h%Om)(I: es_of %oal Kyl
nitrile used "t o inth rach %ﬁ Wr@élgtl%n reis

treated bn sm:pemsmn aotrendpmrechildly t ore avi thmbinhtivangehérenf abdor 220 to
bout 300 baut t d
abou [er ﬂl purp tchg)é € a@éfg}rﬁérﬁbﬂ: YahéR & gt §§9n Qx%%gfigw Gypand a

pressure om a out to a a, Nnore
preferably srtrameSaanwn 1t0t@ pgson skidlegl g |they arthare added

0050/ 47257 in the indivifual s©ESSSUreridsst eRubdt@inieat lgast 0.5 X

10[err] Pa | ower than, in step 1. At the sane tine, the resulting first
gas phase i§r§ef€6ﬁa£1é/dafqdcﬁﬂtlﬁ’e Fhens3 9B d phase. 5 The first liquid
phase obbained in step 2 is treated in step 3 at a tenperature within

t he range f@)m; boustubzs% ce t.Q 300[err]C nore preferably from about 250
to 270[err] aﬁ’r sSs e Wi thin the range from about 10 to about
300 x 10[err] Pa, nore preferably at about atmospheric 10 pressure,

t he resultl nd a(;gmnl ri gas se
cférom e secom]:ine é zboxyd 8 Séﬁgds I%a

bei ng separate liquid p ase thint step, the
rel ative vi %quz.nkers Examples of suitable least

15 trifunctional amines or carboxylic acids are described
in EP-A-0 345 648. The at least trifunctional amines
have at least three amino groups which are capable of
reaction with carboxylic acid groups. They preferably
do not have any carboxylic acid groups. The at least

20 trifunctional carboxylic' acids have at 1least three
carboxylic acid groups which are capable of reaction
with amines and which can also be present, for example,
in the form of their derivatives, such as esters. The
carboxylic acids preferably do not contain any amino

25 groups capable of reaction with carboxylic acid groups.
Examples of suitable carboxylic acids are trimesic
acid, trimerized fatty acids, prepared for example from
oleic acid and having from 50 to 60 carbon atoms,
naphthalenepolycarboxylic acids, such as naphthalene—

30 1,3,5,7-tetracarboxylic acid. The carboxylic acids are
preferably defined organic compounds and not polymeric

compounds.

Examples of amines having at least 3 amino groups are
35 nitrilotrialkylamine, especially nitrilotriethaneamine,
dialkylenetriamines, especially diethylenetriamine,
trialkylenetetramines and tetraalkylenepentamines, the
alkylene moieties preferably being ethylene moieties.



(measured as defined above) of the resulting polyam de Is adjusted to a
desired®value within the range from 15 about 1.6 to about 3.5 through

choi ce of tenperature and residence tine. The resul ting

second liquid phase S t hen conventional |y discharged and, if
desired, worked up. 20 The above-described processes, i.e., the
sequence 86506r 47287t o the inventi on-0}8steps (1) to (3) or (1), (2)

and (4) or (lpyienbfhorsdn REerdFimék OUkan Batchide®, hkse.  amines.
succession in a single reactor, gr %5 cogtlnuousl ' forhiuGa’
si mul t aneous| jendrimers prefergbly hayg,Ehg, genprals tgrtigodsinie, of

course, to carry out sone of these steps, for exanple steps (1) and

(2, continuously a h ] te bat gl se. 30 In a
further preferred enbodiragé&'f F%éﬁgﬁé P s?ét’ft ﬂf‘fﬁ%ﬁ?ﬂ W)fi org,I)at | east one
of the gass phases obtained in the respective steps can be recycled into
at | east one of hEQS precedi ng steps. 35 It is further preferable to

sel ect the tenperaWure and the pressure in step 1 or in step 3 or in
both step 1 anB $sef 8rso (§E2}.0MNbeai WR@rei quid or a solid phase or
a.mxture of liquid and solid phase and a gaseous phase

0050/ 47257 1. o A7 - and,to separate off the gaseous phase.
Furthernmore, in th& cb%t%x?rof(?ﬂ@nﬁpgcésé”sqé)rq he invention, it is also
possible 1@ carry &tig ghain- (SHEXL-BRS) Orwhsreébr anchi ng or a conbi nati on

t hereof . For t gs.gu%poseL ggly_ branchi ng or chai n-extendi ng sub-
stances known to a‘pet3o gﬁilf 2% & art are added

n is an integer from 2 to 6, and
15 x is an integer from 2 to 14.

Preferably, n is 3 or 4, especially 3, and x is an
integer from 2 to 6, preferably'frém 2 to 4, especially
2. The radicals R can also have the stated meanings

20 independently of one another. Preferably, R is a
hydrogen atom or a -(CH;),-NH; radical..

Suitable carboxylic acids are those having from 3 to 10
carboxylic acid groups, preferably 3 or 4 carboxylic
25 acid groups. Preferred carboxylic acids are those
having aromatic and/or heterocyclic nuclei. Examples
are benzyl, naphthyl, anthracene, biphenyl, triphenyl
radicals or heterocycles such as pyridine, bipyridine,
pyrrole, indole, furan, thiophene, purine, gquinoline,
30 phenanthrene, porphyrin, phthalocyanine, naphthalo-
cyanine. Preference is given to 3,5,3',5'-biphenyl-
tétracarboxylic acid, phthalocyanine, naphthalocyanine,
3,5,3',5'-biphenyltetracarboxylic acid, 1,3,5,7-
naphthalenetetracarboxylic acid,  2,4,6-pyridinetri-
35 carboxylic acid, 3,5,3',5'-bipyridyltetracarboxylic
acid, 3,5,3',5'-benzophenonetetracarboxylic acid,
1,3,6,8-acridinetetracarboxylic acid, particularly

preferably 1,3,5-benzenetricarboxylic acid (trimesic



in the I ndi vidual steps. . These substances are preferably added

in step 3 or 4. 10 Usabl e subst ances are: Trifunctional am nes
or carboxylic aci ds as crosslinkers. Exanpl es of sui tabl e
at | east 15 trifunctional am nes or carboxylic acids are described
in EP-A-0 345 648. The at least trifunctional am nes have at | east

three am no ?591{)@ #Pfch are capabl e of 19 ~reaction with carboxylic acid

gr oups. Theya@iaferahay 1,2 dqsn@bn&@h%t@&ta%%&ggﬁyﬂf&fﬂadiéﬂfnﬁﬁthhe at

I t 20 trif I d at least three
cgfgoxyl ic ;éé?un‘gﬁ%ﬁ saﬁﬁfgh“@?éclﬂ:gﬂaégfléw%ﬁlﬁgi& Ogn can kg preparrd and

whi ch can allsy bbepresemss fdesexidmed ein DE-A4 I'BéldeII.HBO]E Itfhg?ftho—
deri vati ves, ter c acids prefera not
SEME0i e8| O drorddbie | | SAPSOL S D Rigad ol indde

contain any am no I‘OUpS capa eactl X
groups. Foampl ben o#-s snreﬁgreba;xr buryehntedcitisomgh thtieredicice ofaci d,

trimerized fg&iﬁ/a@péd,_sea@gmr@gn Q{laﬁé?ggl e from oleic acid and havi ng
en

from50 to 60 carbon atons, epol ycar boxyl i c acids, such as
napht hal ene- 30 1, 3,5, 7- tetracarboxyllc acid. The carboxylic acids are

preferably dﬂiemdswgwm&@w?éuads 128¢ tNr iFINEMIdral, prrmnds.
Exanpl es of I}:aw n st 3 ]ram nﬁ}%rou are 35 .
nitrilotrial% ets%@i‘af 1311 ot n®f functional
di al kyl éfet rgmnpsass:an b@spﬁmml By to di@t hpkefiekabayi from 4 to 10,
trial kyl ene d I ent apl n al kyl ene.
noi eti es preég @%% E% p£§Eé?§%Jek'¥ml e |eis B 4h¢ procﬁﬁgé)%%?
- 18 - Fehe héFlN@PélondeWCI¢| marrieghnoube usiseyl edsheani abs.least
Dendri mer s - piaef @il doiav e theipaner aly forgul @ jleast  trifunctional

carboxylic acids, but not mixtures of such amines or

15 carboxylic acids. However, small amounts of at 1least
trifunctional amines may be present in the
trifunctional carboxylic acids, and vice versa.

The substances are present in an amount from 1 to
20 50 pmol/g of polyamide, preferably from 1 to 35,
particularly preferably 1 to 20, umol/g of polyamide.
The substances are preferably present in an amount from
3 to 150, particularly preferably from 5 to 100,
especially from 10 to 70, pmol of equivalents/g of
25 polyamide. The equivalents are based on the number of
functional amino groups or carboxylic acid groups.

Difunctional carboxylic acids or difunctional amines as
chain extenders. These have 2 carboxylic acid groups
30 which can be reacted with amino groups, or 2 amino
groups which can be reacted with carboxylic acids. The
difunctional carboxylic acids or amines, as well as the
carboxylic acid groups or amino groups, do not contain
any further functional groups capable of reaction with
35 amino groups or carboxylic acid groups. Preferably,
they do not contain any further functional groups.
Examples of suitable difunctional amines are those
~which form salts with difunctional carboxylic acids.



[err] 5 wher e Ris Hor -(CHerr])[err]-NR[err], where

Rlerr] is Hor -(CHerr])[err]-NRerr], where 10 Rlerr] is H or
-(CHerr])[err]-NR[err], where Rlerr] is Hor '
-(CHerr])[err]-NHerr], nis an integer from2 to 6, and 15
X is an integer from2 to 14. Preferably, nis 3 or 4, especially 3,

and x is an 0050747¥238é&r from2 to 6, pret@rably from2 to 4, especially

2. The radi cghayR C@.—Shal 5]9e ha\aqﬂéaer st%ﬂ%ﬂ@ﬁ@ Ngs st@h | né@pené@qgly of
one anot her. %r efera R hydr ogen atom or

-(CHerr])| e?H‘YN’-[l%ﬁi%?mPaGr caPreferablgw {Cabs & eaF %aé“%t?'ds £9% those

havi ng from gx&mpl8 héﬂ?b@ﬁs&ﬂi&mﬁﬁed gr otRey preé@nabl yaBséor 4 be
. carboxylic 25 fCIg ﬁ ﬁ $ efer carboxyl i oakclzo](:js re .those
havi ng” ar omat¥ ¢ SRarBrehdter ocy% ﬁ%l ei . 2 Exanpl P %I?% HERET
napht hyl 5 andicyceoen, bijdmemyine { r iBdsercHed alipltatalcs dmamenesocqnées such
as pyri di ne, %Pk&ﬁiég' N&sable PY' LYl e’eﬁc&ﬂﬁiéh ﬁ%{q{% tHLaRuRRG,

qui nol i ne, enant hrene, ' por phyrin, ani ne,  napht o-
cyanine. Pref br@méhlf%hgxa@ﬁthﬁlgnsdsamsneb| smemy HIls AQet rTeR:aﬁ%kyl ic

acid, phthal ggyani Ree NEPMNAHCKARI I@.so be aromatlc allphatlc, it
3,5,3,5% blghenyl tetracarboxylic aci d

napht hal enet eiadamnsgible 48 duse ?‘mlﬂﬁq%ﬂlﬁé"tlﬂe 89T xRt ¢
acid, 13 5, Bntdrebigmiridgly| tahr agafhopyl | SubstivGtdd by Ci-1x-alkyl,

21306, Bac | BEREPERPIY af boRA L Adaicald on the £a5Pon Skelekenp
1, 3, 5-benzenetricarboxylic acid (trinmesic
Difunctional carboxylic acids are for eka.mple those
which form salts with difunctional diamines. They can
15 be 1linear aliphatic dicarboxylic acids, which are
preferably C,;-z;o-dicarboxylic acids. Examples are adipic
acid, azelaic acid,. sebacic acid, suberic acid. They
can also be aromatic. Examples are isophthalic acid,
terephthalic acid, naphthalenedicarboxylic acid, as
20 well as dimerized fatty acids.

The difunctional basic building blocks (c) are

preferably used in amounts from 1 to 55, particularly

preferably from 1 to 30, especially from 1 to 15, um/g
25 of polyamide. '

According to the invention, the product mixture
obtained in step 3, or the second liquid or second
solid phase or the mixture of second liquid and second

30 so0lid phase (from step 4) which each comprise the

' polyamide, preferably a polymer melt, 1s discharged
from the reaction vessel in a conventional manner, for
example by means of a pump. Subsequently, the polyamide
obtained can be worked up according to conventional

35 methods, as described for example in DE-A 43 21 683
(page 3 line 54 to page 4 line 3) at length.

In a preferred embodiment, the level of cyclic dimer ih



0050/ 47257 - 19 - acid) and )
1,2,4,5=benzenetetracarboxylic acid. Such conpounds are commercially
avai |l abl e or can be prepared by the process described in DE-A-4 312
182. If_ ortho- substituted aromatic conpounds are  used, i m de
5 formation.is preferably prevented through the choice of sui tabl e
reacti on terffr®A4iassT] These substédnces are at |east trifunctional,

preferably tne ayl&Rsé BBE&%E&CE'&B%GmEhE{:&U@i‘Q@r1ﬁfreﬁ€ﬂ6h' QB! ﬂé)
groups can be from3 to gre eraé§y from4 to rticularly

q
preferably fighhex or%du Yol¥iZasdmg the h@o%ﬁﬂﬁ'fi?o%l&}s& &t ed out
usi ng ei t heraratadn@esiis solhtnbnnebtfl mromﬁm andr theh wik&asfater
trifunctional car bgg;l EC aci d t not m Xt uregl?of suc ani J1es, or 15

carboxylic aacff%l/s HoWe 18%al It arm Pt s %of 9151 R ]ﬁfnclt "onal
am nes 5Snay(dedyribent esent EP-An 28t K8 68, t ridunexiopdle)carBosylliawr aci ds,

and vice ver, T tangesse A se a nt som1l to
20 50 [err]ﬁ?jﬁg B h'???am prte ere{gse Q;r%tréﬂiﬁ] mg eHf
parti cul ar | yairesreresinent ¢ os%h afef:apﬁeﬂﬁgtém p&lwd@aprolant@m

substances ajgiguneder abhd Pegeenk '%éﬁkdﬁgﬁﬁﬁmfreﬂlgomeﬁ t 0480, be
particul arly efer bly fro

5t especi al | rom10 t
[err]mol of QA nt’ﬂtg? 15&1 %b6?§ran?’a@/°3fhes%ﬁ?ﬁl alaé?f{l? Lr &FEd on
t he nunber aftep. functional am no groups or carboxylic acid groups.
Di functional carboxylic acids or difunctional am nes as chain
extenders. These have 2 carboxylic acid groups 30 which can be reacted
with amno dgrmipstarbing mphnmer oxrg mmypEsnesh | mixicene beanebet edinvixdd

carboxylic agl dg)1Thgreps di HUAELARAL, CRHDOXYLI Cf&%i—@'ﬁ Ye g NEHerps el |

as the carboxylic a |d g oups or _ani no_groups not  cantai n any
further funcﬁl’rﬁﬁfﬁl‘a@fomd%%b‘é%‘?e %ﬁdreﬁéﬂ-ﬂ-éﬁsw EMCB5 agni RIS  or

car boxyhbC sk HIOUPS tlt%’rﬁ.ftﬁd’ aBhyxide wﬁatdgenoammm aifu@me)f,ur t her
functi onal es_of suitabl eJil 1funct|(1nal ani nes are t hose

whi ch 1 orm S LS9 | ALARAGRL R Al A iAoy Tt fagulatory 258n

aliphatic and aromatic carboxylic and dicarboxylic
acids such as propionic acid, acetic acid,  benzoic
acid, terephthalic acid and also triacetonediamine,
20 stabilizers such as copper(I) halides and alkali metal
halides, nucleating agents such as magnesium silicate
or boron nitride, catalysts such as phosphorous acid
and also antioxidants in amounts within the range from
0.01 to 5, preferably within the range from 0.2 to 2, %
25 by weight, based on the amount of monomers used.

The present invention further relates to a polyamide
preparable by

30 (1) reacting at least one aminonitrile with water
at a temperature from 100 to 360°C and a
pressure from 0.1 to 35 X 10° Pa to obtain a

reaction mixture,

35 (2) further reacting the reaction mixture at a
temperature from 150 to 400°C and a pressure
which is lower than the pressure in step 1,

the temperature and the pressure being



0050/ 47257 - 20 - They can be l'inear  aliphatic,

such tw@as (err]- al kyl enedi am ne, preferably

Cerr]-al kyl enedianmine, for - exanple hexyl enedi am ne. They can
al so be cycl oal i phatic. Exanpl es are i sophor onedi am ne, 5

di cycycan, laronine. Branched aliphatic djamnes are | i kewi se wusabl e,
an exanpl e OME MA723kstanin  TVD 1t43 et hyl hexanet hyl enedi ani ne, from
Hul s AG%) I'n addi - sdiddted heodiaaéﬁ 86S dhithial sa e mytongasc-pHdgshati c,
it eing possible to usenx ene am ne for exanple. 10 _FEntire

ani nes can each be suf9tdt g&rﬁ % %y, 1rs§prs§¥ﬂé§aa1’1ase ot

Jerr]-al kyl, radical saomixwmrear bcﬁn fikeset @plid andDi fimsti driiguid

carboxylic acids are f gé(angkg EJ‘}PezeleStm?a@aé| ; sakt s é ted

di functional di anines.?P ey can 1 atic ca ox%l iC
acids, Wwhich are  fypomfditubl \Eigsdr r Ligudgr boxyl theaciiest s are

adi pi ¢ aci d, azel 2% éé:' Or ff@ﬁctﬁeaﬁhgtui*gb%rf' i3, 111?3)8 and can

al so be aromati c. es arelsopt alic acid terephthalic acid,
napht hal enedi car boxy! i E1%2¥% gsobkd phaget 1283 di neri zed fatty acids.
The difunctional basic building blocks (c) are preferably used

in anmpbunts from1l 055 artlcu refe ably rom.l to

especially from 1($ Jr?g]" r’rf:b ?.(Lrgft p]oltc%ﬁf{ ché rPJ'ch‘corscﬁqlh a

the inwention, the ﬂi@ductor mbHeur emixturebt alfneﬂlrststbpq@q.dorandle
second liquid or secon SOl or._.t cqﬂgﬂg' uid and
second 30 solid phaseg f?FoSOlJt% pgg%% \Xﬁ'a‘n ﬁ]atg céfrrgpr?’ge id

pol yam de, preferably phaseygempréisting ewaﬁes:tmt gad tempemagmnenef ¥@ct i on

vessel in a conventiongsgmBnerygdd¥ and eéaﬁgkgsgﬁrgeaﬂs;oﬂf @. PUnghb
Subsequently, the pol yam de obt ai ned can be worked J1:ﬁ:accor ding to

conventional 35 mnethod@ X HQ° (f@séﬁq lﬁ%ﬁ:q’(ﬂ’ e RRAUE S MPEEYES3 21 683
15
a polyamide preparable by

(1) reacting at least one aminonitrile with water
at a temperature from 100 to 360°C and a
20 pressure from 0.1 to 35 X 10° Pa to obtain a

reaction mixture,

(2) further reacting the reaction mixture at a
temperature from 150 to 400°C and a pressure
25 which is lower than the pressure in step 1,
the temperature and the pressure being
selected so as. to obtain a first gas phase
and a first liquid or a first solid phase or
a mixture of first solid and first 1liquid
30 phase, and the first gas phase 1is separated
from the first 1liquid or the first solid
phase or from the mixture of first liquid and
first solid phase, and

35 (3) admixing the first liquid or the first solid
phase or the mixture of first 1liquid and
first solid phase with a gaseous or liquid
phase comprising water at a. temperature from



(page 3 line 54 to page 4 line 3) at |ength. In a preferred

enbodi nent, the level of cyclic dinmer in 0050/ 47257

- 21 - t he nylon-6 obtai ned according to the invention can be
further reduced by extracting the polyamde first with an aqueou
sol ution of caprolactamand then w th water and/ or subjecting

a gas phas@05@447287ion 5 (described #h EP-A 28 49 68, for exanp

. mol ecul ar 1 8gi G 3005t iadndents pebkauped frbom Obhis to
aftertreat nent, such

The | ow

cyclic caprol actam ol i §8mérilcd @ obtaigt i

as_capro] actam Linear cagro act am ol i gonmer

Yo BREHSF st and/

second and/or third 10 step. The starting nononer or nononer

can be adm

cust omary additivé%la

xed

n al

I f bly j f oy = M
ROPrEPEReastig aEhh el s HEERURE P 1€ um

S
it to
le).

and
or
m xt ure

di oxi de 5 anatase and/vempetrateye fromsiddlcoro dBbRPEeandd a apresFUERai n
WwALERNAY o nd- aLRORt ikhLashaxslie 8Rd dliggarhoxylic

aci ds such as propionic acid, acetic acid, benzolic acid, tereph
acid and al so triacetohbéi HAMRErpIrest aBfl| iDERISWIR hPeangoppRteFyefal i des

hal)i des toNbPradhi B0 RAVHS, Skders amfnanmonist|icate

regul ators

and al kal i

such as

net al

or boron nitride,

hal i c

catal ysts such as phosphorous acid nd_al so
antioxi dants in amount SORPFRFANEhIASRR2FF AP a 0SBTORG g:l%léfe?ﬁbl y
within tifge range from 8edoh@ ZsofAR5 pHasearebghta heisemhren blie seoond of
mononer s used. _
pr epar abl e by 30

15

20

25

30

.35

TE‘_‘iqg%gs egrté‘alttnﬁv‘??%?é% " St brEel Canian? BcHAM de

e amnonifrile wth water

comprise the polyamide, and

a polyamide preparable by

(1)

(2)

(4)

reacting at least one aminonitrile with water
at a temperature from 100 to 360°C and a
pressure from 0.1 to 35 X 105 Pa to obtain a

reaction mixture,

further reacting the reaction mixture at a
temperature from 150 to 400°C and a pressure
which is lower than the pressure in step 1,
the temperature and the pressure being
selected so as to obtain a first gas phase
and a first liguid or a first solid phase or
a mixture of first solid and first 1liquid
phase, and the first gas phase is separated
from the first liquid or the first solid
phase or from the mixture of first liquid and
first solid phase, and

postcondensing the first 1liquid or first
solid phase or the mixture of first liquid
and first solid phase at a temperature from
200 to 350°C and a pressure which is lower
than the pressure of step 3, the temperature
and pressure being selected so as to obtain a



at a tenperature from 100 to 360[err]C and a pressure fromO.1

to 35 % 10[err] Pa to obtain a reaction m xture, 35

(2) further reacting the reaction mxture at a t enperature
from 150 to 400[err]C and a pressure which is |lower than the
pressure in step 1, the tenperature and the pressure

bei ng 00507472560/ 47257 - -- 22 - _ sel ected so
as to obtain a first gasdise water- and antoAib-cophliging Olgads fir st
solid phase or am'xtureof%irst soidandfirtlicl'd
phase, and the first @RReSMad®d s2seiffifidglgquid or seqqy 2 L‘gfi r st

:ci qui dl or the first piedéd or a mixturehast &edormin tlHennlickt wre of

irst liquid and first solid phase . (

adni xing the first |i R SReLF; miAssy |WRigh Utn COMBRLEE t?re t he
m xture 50f first | ippiyhmente. first solid phase with a
gaseous or liquid phase conprising water at a tenperature
from 150 to 360[err]C and a pressure fromO0.1 tq

30 x 10[ err |Tiea polymbdes aofr eaucbtabnad excqerding ateolthasi déitepar abl e
by - tid) Rpelding 13 hg@@h-@nea@an Ny t EbpB1YhbRsVat&sn be

at a tenperature from 100 fo 3 O[err]Cfa,rg:I a 20 ressure from
0.1 to 35 x WSR@rrfora tBEBBEAFHUEINT 1oers anact’F%Eeﬁfafﬁre,Of

(2) funphercoactudgidhe reaction mxture at a tenperature
from 150 to 400[err]C and a pressure 25 which is |ower than the
pressure in step 1,

EXAMPLES

Example 1

15
This exa.rﬁple illustrates the present invention using
the reaction of ACN.

The AEG (amino end group) and CEG (carboxyl end group)
20 are determined by the method described in WO 95/01389
(page 6 line 35 to page 7 line 40).

The volatile bases are determined by the method of
Parnas-Wagner by hydrolyzing the polyamide with HCI,

25 1liberating the bases with NaOH, then steam distilling
the liberated bases by the method of Parnas into a
flask containing HC1 and finally back-titrating the
excess HCl with NaOH. The difference between HCl used
in the receiving flask and back-titrated HCl can be

30 used to calculate the level of volatile bases (in mg of
NH3/kg) .

The nitrile group conversion was determined by FTIR
spectroscopy by means of the characteristic CN group
35 band at 2247 cml.

The relative viscosity (RV) was determined at 25°C and

a concentration of 1 g of polymer per 100 ml in 96%



the tenperature and the pressure being selected so as to

obtain & first gas phase and a first liquid or a first solid
phase or a mxture of first solid and first liquid 30

phase, and the first gas phase is separated . fromthe first
liquid or the first solid hase or fromthe m xture of first
liquid and 0050/47257  fjrst solid phagé,-and 35 (3) admixi ng
the first |igtréngthtbe keightSehifuric acid. phase or the m xture of
first liquid and first solid phase with a gaseous or liquid
phase conprising water at a tenperature from 0050/ 47257

- 23 - In all th&0rtuns3GGkeed) Ctird sty &5 B dorderksatich was

30 x 10[err] o] i duct .m xtu )____post condensi ng
t he productc£?¥;§%r%F%ibgtéﬁéhéé ina i%%ﬂﬁ%?%f%r@“FP%ﬁPﬂﬁit%ﬁ%SO[err]C
and a pr@ssud20°C, 10° Pa (1 wwmwh is |ower than the pressure of step 3,

the tenperature and pressure being sel ected so as to obtain a
second, water- and ammoni a- ] conpri sing gas phase and a second
liquid or 10fhe results saRdnexpsnimeniade epndibignar eng sbownd in
l'iquid and segiene 5ol id phase, which each conprise the

pol yam de, and a pol yam de preparable by 15 (1) reacting at
| east one amnonitrile with water at a tenperature from 100
to 360[ 40r ] Examwbhe 2 pressure fromO0.1 to 35 x 10[err] Pato
obtain a reaction m xture, 20

The table below shows the experimental conditions in
steps 1 and 2. The temperature in step 4 was 270°C, the
pressure was 10° Pa (1 bar) and the residence time was

15 1.5 h.
Step 1 o Step 2
ACN/ {Time T~ P ACN [Time |T 1s 3 RV ..{Vola-
H,0 [min] | (°C) | [bar] |con~ | [min] | [°C] | [bar] tile
{mol] ver- bases
sion [mg of
[%] NH;/kg]

1:6 200 250 }90 97 240 252 |36 2.14 1240

AEG: 65 mmol/kg
- CEG: 55 mmol/kg
20 AEG/CEG = 1.18



(2) further reacting the reaction mxture at a tenperature

from 150 to 400[err]C and a pressure which is | ower than the
pressure in step 1, . the tenperature and the pressure
bei ng 25 elected so as to obtain a first gas phase
and a first Ii%ﬁ?%l/‘g?z%"first solid phase 4% - a m xture of
first solid eraé%* gkl phase, and the first gas phase
I.s separated{ = ftom the First liquid or the first solid 30
phase or frompthe mgxtEr e [of | fifrst | gyi dff and first solid
phase, and a o &ALngptgondiensi ng phe first liquid or first
solid phase (r gl | XEURe Of Jliestylequell 35 and first solid
phase at a tenfgefrature gm . 200 to 350[err]C and a pressure
which is lOWErEJ tHanjthe prepsure of step 3, the tenperature
and pressure b'_l' ng | ect ¢doPQ|as oftajn a 0050/ 47257
- 24 - ol 8 %second, : tel-4] and, | anmoni a-conprising gas
phase and a e®¢na -E1 %I d|af gam&_s%l id phase or a m xture
of second |iqui ¢ and second polid phase, which each conprise
the 5 pol yam de| S| 5] ST B¢l des of or obtained according to
this inven- t} on, especclial{quy on{6-BAnd its copol yners, can be
used for B2 et-tH-Rg—t &Hs a2 erials, of 10 construction.
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15 This exanple illustrates the present invention using t he
reacti ofr of ACN. The AEG (am no end group) and CEG (carboxyl end
group) 20 are deternmined by the nmethod described in WO 95/01389 (page
6 line 35 to page 7 line 40). The volatil e bases are determ ned by
t he net hod of Par nas- Wagner by hydrolyzing the polyamde with HO, 25
li berating t R85844d<5fi th NaOH, then st‘eagn distilling the |iberated
bases by thecmbaeqtgﬁrePésgmlbgto a flask containing HO and finally
back-titrating the excess HO with NaOH The difference between HC
used in the receiving flask and back-titrated HC can be 30 wused to
cal cul at e t h&hkeevehlbdle viediow e dieses (the ngoafametedd] eof] / kgpducts The
. nitrile grou Si t grgm sp py byeneans
of the char agfgglgég?c %3\?%%}98 bgﬁg g%( g%? arrﬁ err %E&Rﬁfé) éFLheXr el ative
vi scosi t yd (RUP ﬁaéOQetléﬁrrﬁnédEa?ﬁmz@Peﬂ-r pPE &d 2 245a1&9ncentrat| on of 1 g of

polymer per 100 ml in 96% 0050/ 47257 - 25 -
strength by f e ac o e —tHe .u..oﬁwe*ﬁﬁ%'ﬁ step 4
post condensaf i on was car r R¥d utCEﬁat[crm@feg]i n a |Vablor daes autfocl ave:
3 h, 5 250jerr]C, 10[err]|Pa (1 bar). [mg of NH;/kg]

Us 5 109 104 1.76 19 1910

US 2 245 129 1.82 10 - 3150
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Exanpl e* 2 The t t he experl'

The results and eXpeﬂlmBétﬂhsmmm awins are sho
steps 1 and 2. The te ep 4 was 270

was 10[err] Pa (1 bar reS|dence tinme £l Q
Step 2 ACN  Tine T ACN Time T |p1Absiget \ygpggd .7 10 Paged e
Herr]O [r%3044%3%7 0 [bar] con- [ i A8 []err] &—ftbari e
[ ol ] ver - bases
si on . [mg of ' : [ %A
NH err]/kg] W& CLAIN: 500 250 90 97 240 252 36 2.14 240
AEG 65 mmol / kg CEG 55 mml/kg 20 AEG CEG = 1.18
0050/ 47257 1. A process for preparing a bo%@ahide by reaééﬁaﬂ of

5 at least one aminonitrile with water, which com-

prises:

(1) reacting at least one aminonitrile with water
at a temperature from 100 to 360°C and a
10 pressure from 0.1 to 35 X 10° Pa to obtain a

reaction mixture,

(2) further reacting the reaction mixture at a
.tempefature from 150 to 400°C and a pressure

15 which is lower than the pressure in step 1,
the temperature and the pressure being

selected so as to obtain a first gas phase

and a first liquid or a first solid phase or

a mixture of first solid and first liquid

20 phase, and the first gas phase is separated
from the first 1liquid or the £first solid

phase or from the mixture of first liquid and

first solid phase, and

25 (3) admixing the first liquid or the first solid
phase or the mixture of first 1liquid and
first solid phase with a gaseous or liquid
phase comprising water at a temperature from
150 to 360°C and a pressure from 0.1 to

30 | 30 x 10° Pa to obtain a product mixture.

2. A process for preparing a polyamide by reaction of
at least one aminonitrile with water, which
comprises:

35 _
(1) reacting at least one aminonitrile with water
at a temperature from 100 to 360°C and a

pressure from 0.1 to 35 X 10° Pa to obtain a

AR O )




0Q50/ 47257 - 27 - Conpar ati ve exanpl es The tabl e bel ow

shows the paraneters of products prepared according-to the prior art -
Exanple 1 of 5 US 5 109 104 and Exanple 1 of US 2 245 129.

RV CEG [ meq/ kg] Vol . bases [ ny of NH[erTlh HasBe e ac!d)
104 1.76 19 1910 US 2 245 129

3150 0050/4725TE CLAI M - 2% process for

pol yam de by reacti on Ofedrtion mBtthgeast one amnonitrile wt h vvat er

whi ch com pri ses: (13 reacting at |east one
amnonitrile wth water in a nmolar ratio.within the range from
1:1 to 10 (2): 3buwtheért emamt&tugr etheond: ien 3GAkenrkeC and aa

- pressure from4 to 30 Xte:LO eelié ure ]L.QOI(!)IbrlgIOn 5 400°C and a pressure

5 which is lower than the pressure in step 1,
the temperature and the pressure Dbeing
selected so as to obtain a first gas phase
and a first liquid or a first solid phase or
a mixture of first solid and first 1liquid

10 phase, and the first gas phase is separated
from the first ligquid or the first solid
phase or from the mixture of first liquid and
first solid phase, and

15 (3) admixing the first liquid or the first solid
phase or the mixture of first 1liquid and
first solid phase with a gaseous or 1liquid
phase comprising water at a temperature from
150 to 360°C and a pressure from 0.1 to

20 30 X 10° Pa to obtain a product mixture,

(4) postcondensing the product mixture at a
temperature from 200 to 350°C and a pressure
which is lower than the pressure of step 3,
25 the temperature and pressure being selected
so as to obtain a second, water- and ammonia-
comprising gas phase and a second liquid or
second solid phase or a mixture of second
liquid and second solid phase, which each
30 comprise the polvamide.

3. A process for preparing a polyamide by reaction of
at least one aminonitrile with water, which
comprises: |

35
(1) reacting at least one aminonitrile with water
at a temperature from 100 to 360°C and a
pressure from 0.1 to 35 X 10% Pa to obtain a

* [ L [ B *




reaction m xture, (2) further reacting the reaction m xture at

a 15 N tenperature from 150 to 400[err]C and a pressure
which is lower than the pressure in step 1, the tenperature
and the pressure being sel ected so as t ghioHeeiHas Beefi Replacedyas
phase and a first liquid or a first solld_p

a mxture of GO50A472HAT d and first |iquidd - q ﬁﬂ‘m

first gas phase is sepydl&don mixture, fromthe first I|qU|

first solid phase or from'the m xture of first Iiqui d and
first solid phase, and 25 : (3) admxing the first liquid or the
first solid (2) furdﬁ&ser@éci:ﬁﬁgm el efctfiionst mikeukd ael a

_first solid phase with a seoqus_or qu se conpri sing
water at a terrperaturetﬁm%fﬁ £xom iggotot04(:’04(5%)[%’?‘?]6 PLSESE*5r essure

from 0.15 to which 3iis x 1bGeer rdhad?a the obtraissuaxrepriaiustem X, ur e.

2. A process for prep g by, ac n . east

e i Te tf]trﬂe” @eBBL: V\%EQI%S add Eh% Qéressure pind (1)

reacting at |east one @ﬁlrﬂﬂﬁetdlﬁe st htwatOéqtaln a first gas phasear

ratio within the range f4pm 1¢d Lp 1iquid: %% 2 flrst 99§9é4§ﬂ§§e or

1:30 at a tenperature from 100 to 360?3”] pressure
from4 to 30 x 10[err] Pamistyseai afa flrSt SOlld aedcthigeti Q-tlﬁﬁuéd
10 phase, and the first gas phase is separated

from the first liquid or the first solid
phase or from the mixture of first liquid and
first solid phase, and

15 (4) postcondensing the first liquid or the first
solid phase or the mixture of first liquid
and first solid phase at a temperature from
200 to 350°C and a pressure which is lower
than the pressure of step 3, the temperature

20 and pressure being selected so as to obtain a
second, water- and ammonia-comprising gas
phase and a second liquid or second solid
phase or a mixture of second 1liquid and
second solid phase, which each comprise the

25 ~ polyamide.

4. A process as claimed in claim 1 or 2, wherein the
temperature and pressure in step 1 or in step 3 or
in both step 1 and step 3 are selected so as to

30 obtain a liquid or a solid phase or a mixture of
liquid and. solid phase and a gaseous phase, and

the gaseous phase is separated off.

5. A process as claimed in any of the preceding
35 claims, wherein the reaction of step 1 is carried
on to a nitrile group conversion of at least

95 mol%, based on the moles of aminonitrile used.

R




5. (2) further reacting the reaction mxture at a

t enperafure from 150 to 400[err]C and a pressure Tmsgwﬂﬂ
| ower than the pressure in step 1, t he rﬂﬂﬂ the
pressure being selected so as to obtain a e 10

and a first [ r.a first solid phase_or a mxture of
first solid Qﬂg%(a7§§7liquid _ - 1pﬁase, and the first gas phase is
separated 6. A prodéS§nd§KtIéimédliﬂuhﬂyObfth&aﬁhﬁsu.SQIJd4 an? g
phase or fromthem X f.ir st LSi. SQ

phase, and > WE% %l§GWIX|ﬁ§%qmanE§ﬁ qa%ﬁﬁ%ﬁo?rt%%q?%?sPhgﬁﬁld
phase or the ni xtgpapsisfingswaltieguiis amdded in an amountr sfragol 5@ phase
with a gaseous or 1kihguid 2% h n r oAt

tenperature from 15 ¢ Wate per gbﬁgff?% a:%§% glﬁﬁéﬁrgéngﬁfs lto
30 x 10[€tr] Pa téoébﬂalﬁhaé%r%ué‘ﬂxﬁﬂ%ﬁur@ first 1lqu1@4)arybsﬁé§ﬁ§en5| ng

the product m xtuge13al ghése. tenperature from200 to 350[err]C and
a pressure which is lower than the pressure of step 3

the tenperature and pressure being selected so as to obtain a
second, watel- and appooess as claimed czmrprair@i ngfga&hahapsaeaadlﬁgsecond
liquid or 30 sec nd sol i hase xtyre o]

|I3UId and second s%ﬂma pWéereln Sgﬁ% gh T #'ana %H%? g Q?hé

pol yani did are AaprgedsQutOCOptepapuB@ya pol yam de by reaction of 35
at least one amnonitrile with water, which conpr.i ses:

(1) reacting at |east one amnonitrile with water .
8. process as claimed in any of the preceding

claims, wherein at least one of the gas phases
obtained in the respective stages is recycled into
15 at least one of the preceding stages.

9. A process as claimed in any of the preceding
claims, wherein the aminonitrile used is an -
aminocalkyl nitrile having an alkylene moiety

20 ({-CHz-) of from 4 to 12 carbon atoms or an
aminoalkylaryl nitrile having 8 to 13 carbon

atoms.

10. A process as claimed in any of the preceding
25 claims, wherein the following mixture is used as
aminonitrile:
from 50 to
99.99% by weight of 6-aminocapronitrile,
from 0.01 to
30 50% by weight of at least one dicarboxylic acid
selected from the group consisting
of aliphatic C4-Cijo-0,®-dicarboxylic

acids, aromatic Cg-Ciy-dicarboxylic

acids and C5-Cg~-cycloalkanedi-
35 carboxylic acids,
from 0 to 50%
by weight of an «o,w-diamine having 4-10

carbon atoms,

[



- 30- 0050/ 47257 in a nolar ratio wthin+the—+angefrom1i: 1
to ‘ 1:30 at a tenperature from 100 to 360[err]Can Re led'
pressure from4 to 30 x 10[err] Pa to obtain a e“ g
m xture, 5 (2) further reacting the reaction mxtu H”
terrperature from 150 to 400[err] C and a gressure

| oner than t BO3NéIZPTe in step 1, 2 t he terrperature and the
pressure being 1From 0 to 50%l ected so as to obtain a first gas phase
and a first liauid or a first solid phase a e ture of
first solid and fg’r Ys 9L d of! a'm_é'{?é' 2~ Y Y 94 rast}‘i(gas phase is
separ at ed fromthe first liquid or the first solid 15

. phase or fromthe of rst liquid and first solid
phase, and ﬂ'o)ﬁ 3&) posso%gcondeny ng the first liquid or the first
solid pha8e or thdwrweigtd of firft anq@.d-20-Ci2-amino agddf iest thel i d
phase at a tenperature from corresportlddd A 3QARC, the tenperature and
pressure bei ng selected sO0 as to obtain a second,

wat er- and ammoni a- conpri si ng gas phase and a second l'iquid
or second solidyH¥@S&ndakridaadd weight peFehtdgedf addaandud i geid and
second solid phase, which each conprise the pol yam de.

4. A process as 4% %red in claim1 or 2, wherein the t enperature
and pressQre in step 1 or in step 3 or 30 in both step 1 and step 3
are selected so as, t al 1 pyi ol p I

m xt ure of T A %roceg nasso{:f%ﬂnﬁaseﬂgn%%ggoszOlEggph ?%ge&lé‘%

t he gaseous phaseql§l§§parat1'§¥ecmf a ghaim extepsdomssorasa ckhgddd in
any of the pregdifhing or a <OniftiMieedrdde J.rse%gx‘ﬂréd)f Lﬁ:tep 1is
carried- on to anitrile group conversion | east -

95 nol % based on the noles of am nonitrile used.

15 12. A polyvamide preparable by

(1) reacting at least one aminonitrile with water
at a temperature from 100 to 360°C and a
pressure from 0.1 to 35 X 10° Pa to obtain a

20 reaction mixture,

(2) further reacting the reaction mixture at a
temperature from 150 to 400°C and a pressure
which is lower than the pressure. in step 1,
25 the temperature and the pressure Dbeing
' selected so as to obtain a first gas phase
and a first liquid or a first solid phase or
a mixture of first solid and first liquid
phase, and the first gas phase is separated
30 from the first liquid or the first solid
phase or from the mixture of first liguid and
first solid phase, and '

(3) admixing the first liquid or the first solid

35 phase or the mixture of first 1liquid and
first solid phase with a gaseous or liquid

phase comprising water at a temperature from

150 to 360°C and a pressure from 0.1 ¢to

*= ¢ L M § =




CLMS* -31- 0050/ 47257 A process as
clainmed~in any of clainms 1, 2, 4 and ' 5, mherelﬁms et e@wﬁke;hai
gaseous_ or liquid phase conprising water is add

from50 to 5 1500 mM of water per 1 kg of first

solid phase or mixture of first liquid and first : SO|I ase

7. A proce@85044728Vained in any of33the preceding 10 clalns
wherein steps 1 to 3, 3p ® 20% ph &0 oBthih a productfRif@iré ed out

conti nuousl y. 8. A process as clainmed in any of the preceding
clainms, wherein at |east one of the gas phases 15 obtained in the
respective SlageSAi§olyam¢aedptéparab1e by at |east one of the preceding
st ages. 9. A process as clained in any of t he preceding
clainms, wherein the amnonitrile used is an [err]- am noal kyl
nitrile Thaving 4h) arestthsg ati diepst one amlqonitpélecW1thrwmtem to

12 carbon atoms or ,@n , temgeratﬂf?ém@r%}ﬁl aiUb t%tr3'6’0@’C hguanda 8 to

13 carbon at ons. rocess claimted in any of
the preceding Prepgrxs, ﬂmqﬂfﬂfﬂtgé ﬁélﬁoﬁpngPﬁl%RMQ?q%ﬂﬁwéd as
amnonitrile: rebt@ibaOmi Rture, 99. 99% by wei ght of

6- am nocapronitrile, 30 from0.01 to 50% by wei ght of at
| east one dicarboxylic acid selected fromthe

group carmi sting (2) further reacting thef akaphabnc mixture at a
C[err]-C[err]-[err],[e{_—relnbgirg%{lggxy_xjo% 150 to 400°C and a pressure
which is lower than the pressure in step 1,
the temperature and the pressure being
selected so as to obtain a first gas phase
15 and a first liquid or a first solid phase or
a mixture of first solid and first 1liquid
phase, and the first gas phase is separated
from the first 1liquid or the first solid
phase or from the mixture of first liquid and
20 first solid phase, and

(3) admixing the first liquid or the first solid
phase or the mixture of first 1ligquid and
first solid phase with a gaseous or liquid

25 _ phase comprising water at a temperature from
150 to 360°C and a pressure from 0.1 to
30 x 10° Pa to obtain a product mixture,

(4) postcondensing the product mixture at a

30 temperature from 200 to 350°C and a pressure
which is lower than the pressure of step 3,

the temperature and pressure being selected

so as to obtain a second, water- and ammonia-

comprising gas phase and a second liquid or

35 second solid phase or a mixture of second
ligquid and second solid phase, which each

comprise the polyamide.

AR 0 O



acids, aromatic Clerr]-Cerr]-dicarboxylic 35 aci ds

ahdd Cerr]-Cerr]-cycl oal kanedi - ' carboxyftic
acids, . fromO to 50% by wei ght Ofhi HaSB
lerr]-dianine having 4-10 | This St e Bdeh Beplced
0050/ 47257 carbon at ons, “‘“MH 4"” _
by wei ght 0050f/4a@57err],[err]-Cerr-CGRerr]-dinitrile,

fromO to 509 A poly%)"ni\ﬂ%i Qﬂreparabl@clﬁin [err],[err]-Clerr]-Cerr]-amno
acid or the : corréspondi ng | actam t he
I ndi vi dual wei ght percentages adding up to 10 100% 11. A

prOﬁe,SS ats cl ai mad iﬁéﬁqtrmg et Iéhﬁstbpcﬁreé:ﬁ&hih@onitrile withawakerwher ei n
a chain extension or a chain _ ranchin r C | nat i t her eof
is carried out. 15 at o2 At?fﬁ?%?ﬁ%epra%po B 5o PR

_ ) a by a process as clai ned
in 5 any of clgiresshreo fidom 0.1 to 35 X 10° Pa to obtain a

reaction mixture,

(2) further reacting the reaction mixture at a
temperature from 150 to 400°C and a pressure
10 ~ which is lower than the pressure in step 1,
the temperature and the pressure being
selected so as to obtain a first gas phase
and a first liquid or a first solid phase or
a mixture of first solid and first liquid
15 _ phase, and the first gas phase is separated
from the first 1ligquid or the first solid
phase or from the mixture of first liquid and
first solid phase, and

20 (4) postcondensing the first liquid or first
solid phase or the mixture of first 1liquid
and first solid phase at a temperature from
200 to 350°C and a pressure which is lower
than the pressure of step 3, the temperature

25 and pressure being selected so as to obtain a
second, water- and ammonia-comprising gas
phase and a second liquid or second solid
phase or a mixture of second liquid and
second solid phase, which each comprise the

30 polyamide.
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