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---------------------------------------- Bat ch prpgeggyfmn
produci ng pol yani des 5 aminonitriles?® ~ PIery a2

from
rvention vor ot NHHEGERR - coveior oo i g b e Bresent
i nvention rel at process for produci ng pol yam des from
am nonitriles and watewsat 10 el evated tenperature and el evated pressure in
the pres- ence of a catalyst. US 4,629,776 describes a catal ytic process
for produci ng ~polyar des from want romt t 171 es such-as-wam nmo--45 -~
capronitrile (ACN). | ' L5 4 r f a
catal yti c. anount of gﬁmg%s ize %Iff&lﬁrb cqrrp(%lflr?g ﬁa{ﬁ{:aéﬁﬁsggt%gﬁl furic acid
is an exasnpl e of the catalyst used2PRPSILFiNEE 736 describes a simlar
catal yti c process f-or--pr-aducing polyandes._ The catalyst used in fhis case
IS an oxygen-containing phosphorus conpound, phosphoric acid or a
phosphoni ¢ acid. 25 Conplete renoval of catalyst is practically not
possi ble in dheheprpsesessinvidie: jyresergatcel cedalaysbatbnt Rrodalymes-can

bt 0cessi ng opdFaiieis {BP 1YERAREFe. PPN HELoNt Vovbss (6 | BpaErorat o o
vol ati |l d9 i n 30 eviad egolvemrer bt nandi slkivgheds prdsaturtehei rpot yanpdes- are

difficult to RERGESS 2FR=A-Q.4¢9 306 describes the production of polyamn des
frome)-anminonitriles. The o-amnonitriles are reacted 35 with water in the

presence of an oxygen-containing phosphorus conpound as catal yst. Once a
reaction tenpoer at,6ne, fremRNQ1:0260C has Bpen: bt sk aed, saAMpALa, & GNO002*
HH2 polyamides from (w-aminonitriles such as wW-amino-
15 capronitrile (ACN). ACN is reacted with water in the
presence of a catalytic amount of an oxidized sulfur
compound as catalyst. Sulfuric acid is an example of the.

catalyst used.

20 US 4,568,736 describes a similér catalytic process for
producing polyamides. The catalyst used in this case is
an oxygen-containing phosphorus compound, phosphoric
acid or a phosphonic acid.

25 Complete removal of catalyst is practically not possible
in either process. The presence of catalyst in the
polymer can hinder the building of high molecular weight
polymers and compromise later processing operations, for
example spinning. Moreover, the level of volatiles in

30 the polymers obtained is high, so that the polyamides
are difficult to process.

EP-A-0 479 306 describes the production of polyamides

from -aminonitriles. The ®-aminonitriles are reacted

35 with water in the presence of an oxygen-containing
' phosphorus compound as catalyst. Once a reactiocn
temperature from 200 to 260°C has been obtained, ammonia

G
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- 2 and water are continuously renoved by deconpressing and at t'iné g‘é%-?rezﬁgg
time water is continuously added, the pressure being selected within the
range from 14 to 24 x 106 Pa (14-24 bar) . 5 DE-A-43 39 648 relates to a

process for prodyci n% capro- lactamby reacting am nocarbonitriles with
water in the ??%ui‘"’a Fhadd st Y- Het @ Denesnavedt sy stlesompyiassbing and

het er ogeneous gat atyst ssamel utdemaci i €er basd ¢ Q5n ML D, t L d g Xi dgse Of
the elenents of main_gr Ué).s 2, 3.and 4 of the Periodic abLe. Titani um

di oxi de can bep{J%%ﬁ?r%oﬁo AT CHRE cHEERYBt FRe ukd@ge ERET offn o070
extrudates, f2¢ exhdfplPe. (1224 bzran object of the present invention to
provi de a?] process for producing polyam des fromamnonitriles with

i mproved hydrol ysis of the reactants, especially of the acid am de groups,
and i nproved nBEektdardweb4Bt rebatésupo Zheroakakyforupeddikaldy kepiery
substantially Shoyable fk the .r thon .mxture and have high
activity. In a .dcl:r%.l on,‘@t kgatcécqr?p. r%gfﬁnle‘btac%zl(%o@ﬁ?er‘&(ﬁsya%% €2 bBt agﬁedh?nal I
be i nproved. Vilda\@ RIARE t Hialngi feslszragenew hicated yatsor disug thbl €25

the_inVenti0”Hbtékéﬁgﬁgbig0E§§§1§QESP&9@H%EEQé%ﬂ5¥36E¥g§¥hb¥rr %%Eqn of
a mxture conprising af_ |least one amnonitrile, ancf optional 'y nofomers
useful fot pol%yE=Hm P PPIdACt TN, SHIFEMER e?T WALBh Seompsi sbs thand 4
following stepst Ok (H9ricAlti ngbloe 1ixhbiem\WatbxV@betaat nad LgRRer @ ture
from90 to 400ec>:<a"’rlqr%5ea hessureae‘.lrohm 0.1 t(g 35 x. 106 Pa tg obtain a
reaction m xture. '(% F rEHRTY T eatt i RGEL heRr ERBt FBAMNPEt GRETadages,
t enper at ure friom E&Empd e400C and a pressure which is | ower than the
pressure in step 1, 1 7 MAY 20, 92
15 It 1s an object of the present invention to provide a
process for producing polvamides from aminonitriles with
improved hydrolysis of the reactants, especially of the
acid amide groups, and improved molecular weight
buildup. The catalyst used shall be very substantially
20 removable from the reaction mixture and have high
activity. In addition, the temperability of the
polyamides obtained shall be improved.

We have found that this object is achieved according to
25 the invention by a batch process for producing a poly-
amide by reaction of a mixture comprising at least one
aminonitrile, and optionally monomers useful for poly-
amide production, with water, which comprises the

following steps:

30
(1) reacting the mixture with water at a tempera-
ture from 90 to 400°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,



- 3 the tenperature and pressure being selected so as to obtain faj figst?00?

gas phase and a first licruid or a first golid phase or a m xture of
first solid and first liquid phase, and the 5 first gas phase is separated
fromthe first liquid or the first solid phase or fromthe m xture of

first liquid and first sOM d-PPREECUEHEPEAD PBFS T XPRGEEhESELRFSES] Fqui d
or the first solid phasg okeot hgdddd uge Afrdd rghs! igHd gk apdaf id skirselid
phase with a gaseous or |]qui hase_.conpri si.ng ter at a tenperature

from 150 to 370C and a ];frtg%:’s‘ﬁr fRoMBSt F8§%§ )P\ﬁafﬁé B tD mi’gg%? afh a

product mxture, (4) poszieswlessiing tdiel pfodeet Migdid ephasa, t emP0tRrd 30
35 perat ure from 200 toef’35rgs$ﬁ)and a pressure which is |ower than the
pressure-of step 3, th t ePaturfe®nd b?essselﬁagabeﬁ hg §8Pedt®¥d 807 °hs to
obtai n a second, water- langhigimoni ahecofjrstsi sglgds pgitese and Zarcsecone
liquid or second solid or ! re of. se d-.l1Lguj d nd
solid phase, which each n&g%%rr%r? soeétﬁef%%lﬁaﬁlddz,ﬁvﬁefrjé‘l %1“ s%g%ﬁ%‘ﬁﬁ?%&
carried out in the presante of a Bronsted acid catalyst selected froma
bet a-zeolite catalyst, a sheet-silicate catalyst or a fixed bed catal yst

consisting essentially of TiO2 conpri_si ng from70 to 100% by wei ght _of
anat aselfnd from 0 (B3 3G by<ingei e SFTFOt iLiEEsd oh WhecH Pt 0Sabdg by
wei ght of the titani um diiddemyhdeni-eplacesF firsc liquid and first

solid phase with a gaseous or 1liquid phase
comprising water at a temperature from 150 to
370°C and a pressure from 0.1 to 30 x 10° Pa to

15 obtain a product mixture,

(4) postcondensing the product mixture at a tem-

perature from 200 to 350°C and a pressure

which is lower than the pressure of step 3,

20 the temperature and pressure being selected so
as to obtain a second, water- and ammonia-

comprising gas phase and & second liquid or

second solid phase or a mixture of second

liquid and second solid phase, which each

25 comprise the polyamide,

wherein 'step (1) 1is carried out in the
presence of a Bronsted acid catalyst selected
from a beta-zeolite catalyst, a sheet-silicate
30 . catalyst or a fixed bed catalyst consisting
essentially of TiO, comprising from 70 to 100%
by weight of anatase and from 0 to 30% by
weight of rutile and in which up to 40% by
weight of the titanium dioxide may be replaced
35 by tungsten oxide, and steps (2) and (3) may
be carried out in the presence of this

catalyst.



by tungsten oxide, and steps (2) and (3) nmay be carried out in tHe] MAY 7082
presence of this catalyst. 17 MAY 2002 - 4 Preferably, in the above
process, in step (3), the gaseous or |iquid phase conprising water is
added in an amount from50 to 1500 m of water per 1 kg of first 5 liquid
or first solid phase or m xture of first liquid and first solid phase. The
present inveRiefefapiner Iroviktes apPioceIOcRES piddutiel alpol yddede by
reacti on of ' e, 104G Y tedgast L DONEET | 2 I
optionally ?Fb‘{n%é(rr%l%s a‘setlglg‘ﬂ'fplgr g&o%%égrﬁ%e prso%tg}gt?%%éfpwi% hbégtegr riq \?ﬁi ch
conpri ses theamwm‘bwfﬁ@mst@%siolﬂé%o 6L (P rvEHe?Y ngeEhe ikt Of e SAITER wat er
at a terpera-) {Hi£3f EeMAQ 0 AVDG apHadeP RS e fFOM . 21rk0 351406 Pa
to obtain a reaction mxture, (2) further reacting the reaction m xture at
a tenperat urdd oAb ARKESRd a pressure which is |ower than the
pressure in step 1, the tenperature and pressure being selected so as to

obtain a first egasgphas% and a_first Iituid or_a.fjrst _salid ghaseﬁ. or a
mxture of fist PESSR and Y FPSEORI qUr-pRas & At Sthed HT3T%as Hhase i s
separ at ed fr agnddecing st a | ippildykroirde heHyi r stesotion phase oa f rmimtubre

m xture of first 1iqgui d first sglid : 30 st.condensi ng
the fi ?Lsot i giT'e rolr‘&trlﬁg %Qr st eg%(ﬁl i §h%ha%g§%§n%ﬁg{]g‘le5§t ua(rn? o?} %f"la(réglg T?qui d
and first soldrbrpeseustialt ehper sulnEtidam 2OOSHeti850C with awptessur e

which is | owgh a4 fi®ises the following steps:

(1) reacting the mixture with water at a tempera-
15 ture from 90 to 400°C and a pressure from 0.1

to 35 x 10° Pa to obtain a reaction mixture,

(2) furcther reacting the reaction mixture at a
temperature from 150 to 400°C and a pressure

20 which is lower than the préssure in step 1,
the temperature and pressure being selected so

as to obtain a first gas phase and a first

ligquid or a first solid phase or a mixture of

first solid and first ligquid phase, and the

25 first gas phase 1s separated £from the first
licuid or the first solid phase or from the

mixture of first liquid and first solid phase,

and

30 (3) postcondensing the first liguid or the first
solid phase or the mixture of first ligquid 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
35 pressure being selected so as to obtain a
second, water- and ammonia-comprising gas

phase and a second liguid or second solid



o o )
pressure of step 3, the tenperature and 35 pressure being sel ected 1(] ;g’qsq\'{t 88""
obtain a second, water- and amoni a-conprissi-ng gas phase and a second
liquid or second solid 1 7 MAY 2002 - 5 phase or a m xture of second liquid

and second  sol 10 phase. aligh, £aEMy SOrprL se: t hecgoky1aanide.nd hersin

step (1) is- carried outtin presence of a Bronsted-acrd cat

selected from a beta-zewtliid pa@iesleyst whackheetcki |[douns scattileyspoby- a
fixed bed catal yst consigti essentially of TiOQ2 conprising from70 to
100% 10 by wei ght of anatase ‘and fromO to 30% by weight of rutile and in
which up to 40% by weight of the titanium di oxi de may be replaced by

t ungst engoxi de, and stepﬁk@eir}py degarried ;Qut d-ntihe proq&enclgq of .thi s
catal yst. 15 The principle of the process of the invention is escribed in
DE- A-197 09 390, unpubl BPSIRSETEE the 2 pEréRStEddace bfca el Pitesentected
invention. 20 The am nomddy |£ ddtd-heedl XialreatAyde, 1 PhESELHL B @iWe
amnonitrile, i.e., any corrriglund havi ng _bot Piegt’ (%east one am no, group and
at least one nitrile grG&FrEd5tanPho-2 nfere &F e SHEE¥SEe dC ORISR RE | y

O anminoal kyl nitriles hasangifaldwm 4% oTil@, canpersdnenEromr® peferebly 4
to 9 25 carbon atonms, in_the alkyle i_ety, or_an amnoal kyl - yl

nitril e:L aving from38 t 0¥13"ea %n A oﬁsq?l,a%ﬁ)régf e??(gd f%gl;ﬂ n al‘kcill :’3% by
nitriles being am noal kyledigplt ndfrirugsi lenhanl Hawewaichl kyl ene ¢osupoyf at

| east one carbon atom g,%ti\g%%n otfh?%:}?ef %é&i&ﬁ"cﬁi@ﬁddé t}ga@rg%lﬁ%é?eﬁvﬁ%ri l e

30 group. Especially preferred am noal kylaryl _nitriles are hich
have the amino group an®¥nitt¥idséedr Q3p-der and step (2) may be carried

out in the presence of this catalyst.
15
The principle of the process of the invention is
described in DE-A-197 08 3850, unpublished at the

priority date of the present invention.

20 The aminonitrile in the mixture can be in principle any
aminonitrile, i.e., any compound having both at least
one amino group and at least one nitrile group. ®-Amino-
nitriles are preferred, especially ®W-aminoalkyl nitriles
having from 4 to 12 carbon atoms, more preferably 4 to 9

25 carbon atoms, in the alkylene moiety, or an aminoalkyl-
aryl nitrile having from 8 to 13 carbon atoms, preferred
aminoalkylaryl nitriles being aminoalkylaryl nitriles
which have an alkylene group of at least cne carbon atom
between the aromatic unit and the amino and nitrile

30 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
35 w-aminoalkyl 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-



the 1,4 position relative to each other. The co-am noal kyl nitrile ui&g k

preferably a |linear 35 co-am noal kyl nitrigd e in which the arkylené AL @2

(-CH 2-) preferably contains from4 to 12 carbon atonms, nore preferably

from4 to 9 carbon ato such, as_6:ani - 1 Y 2002.%-cyan ane

(6- ani nocapr oni T TP =3 no! gf%‘?‘%\%g]-: Ié?(%%éfzé%m ng- iéfné'?g%c”)pggtgg%e,

9- ami no- | - cyanmocirmne, 8lémandbAb-tyeyahepvaade, paemicg-drlcyapeetérably

6-am no- capranjtri.le. .5 6-Am noc onit.ri { S.-CUS Lk bt-al by

hydr ogenat i onqoer' 'npoo |tcﬁfﬁ%°ré%%%$éd’i %é%%i%%ﬁhwn%?%és,%égs%r F@g Of or

exanpl e in DE-oA33$1338 1eDE- A 848,654 or US-A 5,151,543. 10 O course, it

is al so ssible to use mxtures of a plurality of amnonitriles or

m xtures 'of an amnonitrile with further conmononers, such as ca-orol actam

or the bel ow defimiadaapaUriaer 48 | n &Spar t et ePaBrbydi nERE2igSseci aPYy i f

copol ya(rjﬁ d'?rS] rffgfo%zllyg%nl% hﬁ%rf): gl na&@ﬁ%ﬁ_ﬂ@ﬁfﬂegm?@é@ﬂ@ﬁngﬁret@ benown

pr epar ed, e followng mxture .is_used instead,of pure _,

6- ami nocapr oniM&GHAss, 26eFFEAPES t 5O FARE eF‘EbI@‘:T‘?orﬁ% 38 90" by

wei ght of 6- @4y rEeaponidLA I=,15r,60%0. 01 to 50, preferably from1 to 30,

% by weight of at |east one dicarboxylic acid selected fromthe group 25

consi stig of aliphatic C -C 0-a-wdicarboxylic acids, aromatic

CB- C12- di car bo¢y| teunséds iandi€5-£bsc- posalikdge- tdi crmsborykivrasi ¢&f, £rom 0

to 50, preferably fromO.1 t0 30,.9 ight o a Lam hayi, ng

10,50, Prefergabania 0 bd 0 SniAbycXeIdt ofr aMnixeueds 8e hah
aminonitrile with further comonomers, such as

caprolactam or the below-defined mixture.

15
In & particular embodiment, especially if copolyamides
or branched or chain-lengthened polvamides are to Dbe
prepared, the following mixture is used instead of pure
g~aminocapronitrile:

20

from 50 to 99.9, preferably £from 80 to 90, % by weight
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
25 consisting of aliphatic C,-C,,-0-®-dicarboxylic acids,
aromatic C,-C,-dicarboxylic acids and C,-C,-cycloalkane-
dicarboxylic acids,
from 0 to 50, preferably from 0.1 to 30, % by weight of
an o,w-diamine having from 4 to 10 carbon atoms,
30 from 0 to 50, preferably from 0 to 30, % by weight of an
o, w-C,-C,-dinitrile, and
from 0 to 50, preferably from 0 to 30, % by weight of an
o, ®-C,~C,,~amino acid or of the corresponding lactam,
from 0 to 10% by weight of at least one inorganic acid
35 or salt thereof,
the individual weight percentages adding up to 100%.



. 17

30 fromO to 50, preferably fromO to 30, % by weight of an a, MAY 2002
QO )-C2-Cl2-dinitrile, and fromO to 50, preferably fromO to 30, % by

wei ght of an a, Co-C5-Cl:-amno acid or of the corresponding lactam from

0 to 10% by wegghtQ9fcatgl Qpe;Lno kC ag] 5 gf;isaltiLhereqgf, the
i ndi vi dual  wei %ﬁ? %,er%en?aﬁ‘E?Z Fis U%Q?gglo%@?g‘i%ém%iz%%% Bt bl e

di carboxvl i c a®i @391 FRYREEY AL FplRetiids GUeh o2Sa, SHER Hakbor§hife siWardigch as
succinic acid,z@l &t abkiepiacighi &di pifetetdadiarel depaci d, asvber L a6;d,
azelaic acid, sebacic_acid, preferably adjg%; acid and sebacic 5 _acid,
particul arly pRefer aBPP8arpiaciti dPr ahfr aPeYnBicd Pics-aaid dRREr IKBBAGLE
acids such as dei@phphatieuasi-dyanseralrs®165-£Brwic| oal &anadiac armgmari-c
aci ds such as C(gygl 0- .he&gnedljcar box% i C accthg' 10 Suitabl e_a, wdi am nes
havi ng from 4 $©0C-£09¢5RRER* AL Ts 2FHEF ufd et FamtERPPETEGiidf naclid and
pent anet hyl eneli sani 0g-C,-bexamel kphededeationy.l ke pd alds hyghenedk amcyel coct a-
nmet hyl enedi an‘ilpeex %9 anet hé/}lﬁ}(efedi an‘iﬁg‘]e and decanet hyl enedi a. m ne,

y am

preferably hexamet ened e 45Tt is further also possi bl e to use

salts of the aforenentioned dicarboxylic acids and diam nes, especially
the sal ty @f acgl.@!‘&k?lcé dyandss hexamet Iﬁ\ékﬁ'?l‘agdi?fgrﬁ‘e% whi cfy | éaﬁﬂgﬂ’n 22886
salt. 20 The a,wC -Cl2-dinitrile used is preferably an aliphatic
dinitrile suchisludel- dit@ravanrtanencsdigfomer i | @pntaneshyilepaddpannane,
ol moneand bl ayena e oot e e, oese-
;a?i)glr]?%/?inlog?q’?aefntia’éﬁqﬁaﬁdtn? 'syal so po%%ﬁlﬁrﬁ%t?}ﬁl%%%dﬁg%g’i‘ﬁes, di %i angrj| es
and am noni t r ideesntberhwiesh ddiom e nrest et dyllyeeexamethylenediamine.
15
It 1s <further also possible to wuse salts of the
aforementioned dicarboxylic acids and diamines,
especially the salt of adipic acid and
hexamethylenediamine, which is known as 66 salt.
20
The «,®0-C,-C,,-dinitrile used is preferably an aliphatic
dinitrile such as 1,4-dicyancbutane (adiponitrile),
1,5-dicyanopentane, 1, 6-dicyanohexane, 1l,7-dicyano-
heptane, 1l,8-dicyancoctane, 1,9-dicyanononane,
25 1,10-dicyanodecane, particularly preferably

adiponitrile.

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

30 or arylene oxr alkylarylene compounds.

The «,w-C,-C,-amino acid used can be 5-aminopentanoic
acid, 6-aminohexanoic acid, 7-aminoheptanoic acid,
§-aminooctanoic acid, 9-aminononanoic acid, 10-amino-
35 decanoic acid, 1ll-aminoundecancic acid or 12-amino-

dodecanoic acid, preferably 6-aminohexanoic acid.



. 17 MAY 2002
30 or arylene or alkylaryl ene conpounds. The a, w C5-Cl2-am no aC|Jutsed

can be 5-aninopentanoic acid, 6-am nohexaborc acid, 7-ani noheptanoic acid,
8- am nooct anoi ¢ aci d, 9-am nononanoi ¢ acid, 10-am no 35 decanoic acid,

11-am noundecgpebeaaghd 05 ldiaAn:RQendedacanohé apiske Plskfy ak¥ep 1)
6- am nohexanoi ¢ acid. “17 MAY 2002 - 8 According to the invention, the first
step (step 1)iNVAVBETes Eedtingg &1 ant PR FTElGi t Hitht eMaieTy 2t 2

tenperature frepp80atard00zompr eberdbl yoabout pi8etrablylEhowspasdalty at
220 to 270C, ﬁgessure frogqo.l Bg ﬁ 15 X+ 6 Pa, refengpﬁ%al 601%93x 106
Pa, especiallgl G0 SRR PLE befhgtRet Vit i S18H© t1fPriessure and
the tenperatusexcad’ e adjrsieckisl at ive 10 eath’ Gzheresgeciaidly & way as
to obtain a | jquid.or, a solid phase d.a . mxture.of |iqui r | i.d. phase
and a gaseousbp%ag%. o i\ocec‘or}gdisnegt t oﬁph“'er\%‘lsn\r}gen |’o%h(gmé%'e%%%éas%d&iﬂn&a
mol ar rati o oémaaravatkylcar tbel ediesmstterredzbhivet te readge ofthem L1l to
1:10, particularly.preferably wiythin the,;range from.1:2 4oL 8, MY
particularly %)r%e e?a%f%' f%bvﬁqt mﬁné%*he.:l?‘a%l%@ﬁ?o% 1?2 S'g%%f: 0, gr efaerenace
bei ng gi ven mbxtheeuse ofcwatepri AOd%kEeBB2SPadBd BnIRRECHAT ABAFRYI
nitrile gsed. In this enbodinment, the liquid or solid phase or the . 20
m xture of liquid and solidbghase corresponds_to the reaction m xt re,
wher eas the gASESTLIPHas® i sR€epdRTEdOTof f W2ASTpark BFeEhi R sfedC4dfe
gaseous phasergafobef sepanesBryir eihtiad i gwi hadersakithphas®eorrdrgam t he
m xture of solid or, |ljicruid phase at_once  or the syr the 25.sis mxture
form ng withi h"?Ri s st eﬁocaﬁ‘-hg' pregem -t is %Pﬁﬁééﬁdym wr?%ﬁ{ld/%zfseous,
sol i d/ gaseousrangéi giratn sbil d/itgasécés. They pressui eubadly enper e taie xan
al'so be, ;adj ugl el eLAL Y8okQ @ach LBeel A JUCh.A M AdALd N Swpkhest s
t rnglre~solid or 1iquid

m xture is present as a S _ ,
to the use of water in excess, based on the aminoalkyl

nitrile used.

In this embodiment, the liquid or solid phase or the
20 mixture of ligquid and solid phase corresponds to the
reaction mixture, whereas the gaseous phase is separated
off. As part of this step, the gaseous phase can be
separated from the ligquid or solid phase or from the
mixture of solid or liquid phase at once, or the synthe-
25 sis mixture forming within this step can be present in
two-phase form: liquid/gaseous, solid/gaseous or liguid-
solid/gaseous. The 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

30 phase.

The removal of the gas phase can be effected by the use
of stirred or wunstirred separating tanks or tank
batteries and by the use of evaporator apparatus, for
35 example by means of circulatory evaporators or thin-film
evaporators, as by film extruders, or by means of

annular disk reactors, which ensure an enlarged phase



17
30 phase. The renoval of the gas phase can be effected by the use %Y 2002
stirred or unstirred separating tanks or~ tAnk batteries and by the use of
evapor at or apparatus, for 35 exanple by neans of circulatory evaporators or

thin-film eV?xﬁ@éPfgééz as by Jddvmiext raless, orebyrseaasieh aEnulwte di sk
reactors, which ensure an enl arged ghase 17 Y 23?2 - 9 interface. .In
certai n casesSYREREFES| FLPONIEF The P8y Fes?s Ai xtAFe TFETHE ul&Yof"SA | oop
reactor may bgecdesgsvary tihdreRasthd hphpbasedntrirdatace Funttaramare:e,

t he renoval of the gas phase can be furthered b he di.tion,of water
vapor or i ner Engag el het itg‘&i oga%hgg’&sePr%?%rQSI y,uﬁ%grperdgsg re"\??es

adj ust eds at azpaesebecter whesperaipare sp tirsrt heapr ésgur ethig sihiisd t han
the 10 equilibrium vapor pressure of amonia, but greater than the
equi | i brium vBpdF€pressure of the other conponents in the synthesis
m xture at the given tenperature. This way, it is possible to favor

especial ly the rempyal  of ..ampplaand LhusS.apeededp dhea hydrlarsds f the

acid 15 am d‘e‘%ﬁoups. Step 1 tan be carried out using stirred tanks or
tank batteriesmp@rawerphase phatedit® P SFEEEE abfy STALLReEd TRER (dishg

tanks ofya reagti PR-£oLHMr=pd® Ats@tdedot hemhesi denpect bireatkrt Rthan
synthesis mxtdre 1n_the first step, there are n%lres;_{ji ctions whatsoever;

however, it i5hgeREMalPrdad Wakfin PRESFHAGe T omrab8ule™ 16 THERItEY % o
about 10 hour g, pref erafhessis hiixtdre 25 thageifeamtabpetalre.nuihes t o
about 6 hours. Although there.are pno restrictions. S e rni=g
the degree ofWg¥nversi %‘Psﬁﬁ?l OgreycE iéns%?ée]bﬂi]la}; e?lt?%er&,eﬁgg%gnogn%]c
reasons especkahbdyidi cirat ethhat speed3Oupotyes shpdrolyaisridfe gheumsic step

1 be gefgrallxmggg groups.

Step 1 can be carried out using stirred tanks or tank
teries. A two-phase procedure is preferably carried
out using tanks or a reaction column.
20
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 range from about
10 minutes to apout 10 hours, preferably within the

25 range from about 30 minutes to about 6 hours.

Although there are no restrictions whatsoever concerning
the degree of conversion of nitrile groups in step 1
either, economic reasons especially dictate that the

30 conversion of nitrile groups in step 1 be generally not
less than about 70 mol%, preferably at least eabout
95 mol%, and especially within the range from about 397
to about 99 mol%, based in each case on the moles of
aminonitrile used.

35
The nitrile group conversion is customarily determined

by means of IR spectroscopy (CN stretching vibration at f



| ess than about 70 nold, preferably at |east about 95 nold, andlés%%%i%cmzy
within the range fromabout 97 to about 39 rmpld, based in each case on the
noles of amnonitrile used. 35 The nitrile group conversion is customarily
determned b a spect f opy HENcSt et oA g M} bpat ran sdecl? MAY
2002 - 10 22%%WMQ§X§%$§"%§NN|%@§§ %LC, pr efpgtr ably by IR@spec troscopy.
In a further preteer¥d enbodinent, the amno- 5 nitrile/water mxture is
continuously heated with the aid of a heat exchanger and the m xture thus
heated is introduced into a reaction vessel heated to the.sane _ .
tenperature. & coursefUiHeERm RIFIFITE andF W cat'Sl s BéEheat ed
up separat el ynidP; Noywaoes tisdureent soncont Enwoat s tpnieeattiedg vhehr edet i on

instep 1 in the presence of o en- cont ai ni.n hosphor c ds,
especi al |y phdsphsfi & &5aF e’éﬁ%%b%& oﬁ?ga&nchanﬁgx%ﬁg%phgéﬁhgggggaazﬁsd and
their 15 al kalhcredate@ndradkaki neaaridn neealsedal hsatted awnobhemsass t s

such as Na3PQ,, NaH P Nze-HPO. H - 11N PO s e KRR

x larml paai) 1 b th r .
KH PO4 , K, HPEX™P§EBPd < K_HPC?,O,u‘IEH ' :E’%g in ﬁl (Czehrlcéese {he ol ar Tatio of
W-am r_onitrd¢de 4bso phosphhared wonpepdUstesysel ected within the range from

20 0. 0]%(} to 1.1, preferably within the range from0.01:1 to 0.1:1.
Accordihg to the invention, step (1) and optionally step f(:é% and/ qor step
(3) are carri¥elr oGpeknthge FHESErRc® ofu%e 28U Br 6REFEE CaBFd FE4t ISFST S8 ect ed
froma beta-zggQlitegecatal ystn, acsbeetmrsdddrad e eat alystgan-cortiaded reed
catal yst consisting essenti al

I% rg%sTi C, co rifj'&?g frorgD.YOO .tco 10%04) y
wei ght of anaPRREPRMENSE r ont T IH6% by e%%%h? r RHTRRRHE G n iTSH up to
40% by Weightpﬁﬁsﬁﬁﬁrous acid and hypophosphorous acid and their
15 alkali metal and alkaline earth metal salts and ammonium
salts such as Na/PO,, NaHPO,, NaHPO, NaxP0,, NaHPO,
Na¥.PO,, X,PO,, KHPO,, KEPO,, KHPO,, KHPO, KHPO, in
which case the molar ratio ol W-aminonitrile to

phosphorus compounds is selected within the range from

20 0.01:1 to 1:1, preferably within the range Zrom 0.01:1
to 0.1:1.
According to the invention, step (1) and optionally step

(2) and/or step (3) are carried out in the presence of a
25 Bréonsted acid catalyst selected from a beta-zeolite
catalyst, a sheet-silicate catalyst or a fixed bed
catalyst consisting essentially of TiO, comprising from
70 to 100% by weight of anatase and from 0 to 30% by
weight of rutile and in which up to 40% by weight of the
30 titanium dioxide may be replaced by tungsten oxide. Step
(4) is preferably carried out without the use of the
fixed bed catalyst. The heterogeneous catalyst is easy
to remove from the synthesis mixture prior to the
postcondensation in step (4), since the viscosity of the
35 synthesis mixture is still relatively low. This permits
an at least substantial, preferably complete, separation

of catalyst and product mixture.
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30 titani um di oxi de may be replaced by tungsten oxide. Step (4) is

preferably carried out without the use of*the fixed bed catalyst. The

het er ogeneous catalyst is easy to renove fromthe synthesis m xture prior
to the postcondensation in step (4), since the viscosity of the 35
synthesis mxture is still relatively low This r[:1)6(_arm'ts an_at Igasi

subst anti al , Aprcefcedatsity heoripicete, hx@EpFRRFORE oP2tdthal y8t PGha*prodticY
mxture. 17 MAY. 2002 ik #h&abakystabavhagralbi ghcanatasal cont patej s
particularly suitable when the am ocapioni rile &_@Cl}l) used is.pure,

i .e., includédsea vemFIuies evelVeat iMr FEYRS, OFf ERAT 5 *Sfch H° c&TAl yst
preferakly cegphi SecddOmS80 pee100%bby cerbghtesf fanat e wndlfeonivY to
20% by weight of rutile, and preferably,i st s,ep58nt Lal

conpl etel y ofelghit &e 20E 35 & a{ﬁoﬁ%c%p%%ﬁél)ﬁi}?% Y?l?:?lgdi ér)lg gé‘ég%e’ 1- 3%
by wei ght of an@pw-idieesbly usedconbibsspresisengiled 110 ao evmpbytalcadil yst
havi ng a hi gher rutile_gont VAN o1 L 2@ st 44 kses §; 70 to
80% by wei ghtanéf:asgr‘iat gge %ﬁg&f ?omag‘qﬁzoga%%%ngykagfggh%ﬁg;‘m%tﬁsl e,%gun&
preferably aheds 30pobyimetght dfmpurities 15s THEedat ditystS pPERERABPYS has a

pore vglunme Qf framQ 1.t 210k0.nParid cal aibuepr eferall yedioemd. 2xt0 0.5
m/qg. ‘Phe average pore dianeter is p,refergbl% %thln 6¥e rangga from 0.005
to 0.1 pL-n, PpafereeCachy spsieSBIRF 3§ $hi 79 rEhg® % rBh B89t 0°0. 06 m

If highly vigcausskroduet s 220mar easeth thes aviey ageepghe doanetecisdpul d be
| arge. The cutting hardpess is . preferabl reater..than 20 N, particularly
preferably >P2“§fﬁ?‘%ﬁjre¥ 5 u§ur3?j cé:’yarweeé'q}}s/t %p‘rg' e"r‘z%ﬁl'y more than 40 n2/g,
particularly preferably nore than 100 n2/g. if the BET surface area is

adoquats oat SRR oRERIIT §7 ALAY ATy Dreterr o nar s EPefa T e
fol l owi ng pr6penti@s: pa00Y%cofl ardyat BseiegaBli /fFFor 8- 9oliFel - B. B2/
average poreog average pore diameter is preferably within the range
from 0.005 to 0.1 um, particularly preferably within the
range from 0.01 to 0.06 um. If highly viscous products
20 are used, the average pore diameter should be large. The
cutting hardness 1is preferably greater than 20 N,
particularly preferably > 25 N. The BET surface area is
preferably more than 40 m’'/g, particularly preferably

more than 100 m’/g. If the BET surface area is smalle:,

25 the bed volume should be appropriately higher to ensure
adeguate catalyst activity. Particularly preferred .
catalysts have the following properties: 100% of

anatase; 0.3 ml/g pore volume; 0.02 pm average pore
diameter: 32 N cutting hardness; 116 m’/g BET surface
30 area or B84% by weight of anatase; 16% by weight of
rutile; 0.3 ml/g pore volume; 0.03 um average pore
diameter; 26 N cutting hardness; 46 m’/g BET surface
area. The catalysts may Dbe prepared from commercial
powders as available Zfor example from Degussa, Fin;i or
35 Kemira. When tungsten oxide 1is used, up to 40% by
weight, preferably up to 30% by weight, particularly
preferably from 15 to 25% by weight of the titanium



dianeter; 32 N cutting hardness; 116 nR2/g BET surface 30 area or1§45%%y2002
wei ght of anatase; 16% by weight of rutille 0.3 m/g pore volume; 0.03 m
average pore dianmeter; 26 N cutting har dness; 46 n2/g BET surface area.

The catal ysts ey Qe RLeRaly tid JdLBS Lal opoyeers,ascavailabl ecdor
Be emr

exanpl e from DegusSsa, Bi nt s en_tungsten OX|de s used, up
to 40% by mebgh@rqm&ﬁ%ﬂab5y0@§QM3Qﬂi% wEitght KERRIMIRH ar 9*tbﬁ%?erably

from15 to 25UDuMRbNt o8l LBctbbBALYILITCE1 9002 ; 1echdi paififein,
repl aced by tungsten oxi 8. e cafalysts can be prepared as described in

Ertl, Kn02|ngéPg7VEPPHQﬁp9Sffkbndbook of heterogeneous catal ysis", VCH
VEinheing 1997, pages 98ff 5 The batch process of the invention is

preferably carried out in s in cl osed rea tLon yst en he

i ndi vi dual syhPReSR§CSt @59‘3;%5@ d’g Elt}iegéﬁ“fer’ﬂ ‘?ré WRtRF T e‘beﬂ)ﬁ/ é%’enlefirl tis
possible to usgtcancent cat ed syephesirs & xtlwesl hasthgoa weisgtemrdfhe of
am nocapronitrile tq thin the ra ; ol 15, rdi ng
to the inventiBfi* V%ﬁﬁwﬁeégqﬁﬂ$%ﬁ%dﬁfﬁ?s %?%lggggL%béﬁeqflﬁﬁL%tépéggp

further reactkedlon.step 2 at a tenperature from about 150(200) to about
- 400( 350) preferably at a tenperature within the range from about 100 to
about 33 (300)C especially within 20 the range from about 230 to about
290(270) C, andta igpreesaielehith MSel WRICEHBRPERE FHESERCE S MSYEF S The

pressure in the,sgeond steppis prafes ably ahiheasbrabowlr:1Q. 5tX leScdn
| ower than the preSsure in step 1, ang &gener |1y the pressure will be

within the ralig QFFOHPESréﬁéﬁtféoﬁl -t odf *¥5 X 106 Pa, preferably within
t he

15 According to the invention, the reaction mixture
obtained in the first step is further reacted in step 2
at a temperature from about 150(200) to about
400 (350)°C, preferably at a temperature within the range

rom about 100 to about 330(300)°C, especially within

20 the range from about 230 to about 290(270)°C, and a

1-h

pressure which is lower than the pressure in step 1. The
pressure in the second step is preferably at least about
0.5 x 10° Pa lower than the pressure in step 1, and
generally the pressure will be within the range from
25 about 0.0l to about 45 x 10° Pa, preferably within the
range from about 0.5 to about 15 X 10° pa, especially
within the range from about 2 to about 6 X 10° pa (values

in brackets; with catalyst).

30 In step 2, the temperature and the pressure are chosen
So as to obtain a first gas phase and a first liguid or
first solid phase or a mixture of first liguid and first
solid phase and the first gas phase 1is separated from
the first liguid or first solid phase or from the

35 mixture of first liguid and first solid phase.
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range fromabout 0.5 to about 15 x 106 Pa, especially wthin the range

fromabout 2 to about 6 X 106 Pa (val ues 1Pn-brackets; with catal yst). 30
In step 2, the tenperature and the pressure are chosen so as to obtain a
first gas phapg ardracfidadedddUbHa0E, WHith sebhdiphaseseena iaNAyUE Of
first liquid and first “solid phase and the first S phase is separ.ated
from the fi r¥WeRER @P6Y FRESE SRPRF phase §ERELG %’here@%v?réxt 2o
first liquidanshdiyshyspehdsphase dils M 2002n Thppkirashisgaseahs aphase,
whi ch consi stds, essentially of. ammnia and water va Oég i s _general Ig}

21 55 Fh 8%

renoved contiGtHubt Yy RAHETLf 4T sOFPRRECon® PERESsuth
distillagion &od il aAnyc O gadired constheuentugsel dfheeth «diditsdilldtae icar, enoved

in the course of _this distillation redoni .y _uncoavert R
aminonitril e,p%ea%orbjéj%%ﬁ(yu%?oﬁ\é?¥?§/gr31331118 ggg%ggg’st&g‘% ?.e 2%5/1(%? Step 2.
The resi dencepartiey afedthel e@attionstmextlrandrostepeR s 10 not subject to
any restrictions whatsoever, but ,is generally within the range from about
10 minutes to about 5 hours, preferably within the range from about 30
mnutes to abte Behbderce15:MhReopr Gdgctr 9897 Pet DEEFH ¥ PelPi F§EPaRd 1§econd
steps @ptionald y Ganains packing elamentsidy axagisevdaschig rijrgs or
Sul zer mxing elenents, which facilitate a controlled expansion of the
reaction m ESH¥INN0 WHEgas pREseraRerR | FiFep a%Uhelf i MY 5%ui &°or the
first solid phase &8 hébes M ytureraghblyiwstnihquhd aadghl Fsbmselbodcpbase .is
adm xed with a gaseous or _lig % hase conprising an aqueous nedi um
preferably wdte toq'sv‘\;é?e&fb%tpgjr. 25 anmpunt of water added (as |iquid)
is preferably within the range from about 50 to about 1500 ml, nore

preferabl y vl n the.range: fLom abouls 109.d 0cabaut 380 fleohasedeby each
€ iqui

case on 1 kg of 't irst _
optionally <contains packing elements, for example
Raschig rings or Sulzer mixing elements, which

facilitate a controlled expansion of the reaction
mixture into the gas phase.
20
In step 3, the first liguid or the first solid phase or
the mixture of first liquid and first solid phase .is
admixed with a gaseous or liquid phase comprising an
aqueous medium, preferably water or water vapor. The
25 amount of water added (as liquid) 1s preferably within
the range <from about 50 to about 1500 ml, more
preferably within the range from about 100 to about
500 ml, based in each case on 1 kg of the first liquid
or first solid phase or of the mixture of first ligquid
30 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 ;he
synthesis mixture. This results in a further advantage
of this invention, that the mixture of the starting
35 materials as used in step 1 can be used with a small

excess of water only.
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or first solid phase or of the mxture of first liquid 30 and flrst sol%d

phase. This addition of water primarily ~ )ensates the water | osses
incurred in step 2 and furthers the hydrolysis of acid am de groups in the
synt hesi s m xfuee geBRicnsr espl Liguida phagdecomdvasingewaokrt his pregati on,

t hat the mxtur of Lh Star 35 e Jused e used
with a small g&gs? eéi Jﬁgl?/ h%%EM&%%%%&%% %% Jr%e%%e?é]% ugﬁg?gl iquid
phase conpri sdngedatiatoi sstpssrefé andblthear eh.e?ae@dwnnr‘auﬂv@at*mm@g@#l@efore
being intro- %gcegle r]ilhesslmeg?urgng%,lg?%n X8 WD L hg fer st JdQuigh; or the

first solid phase€ or irs 50|d5andf|rstT|qU|dpase
The reacbor naydoptinstal Lygbad fihassl wrhh medaiprel BaEnOP WHANGHE Wurkder

the m xing ofF: 0 Q e St OPgLaLgd sat-+ & b-enpry at urend reom 150
to 370C, 10 prg ggab o % 5830 Cén%a‘%tl cularly prefeerably 220 t% 280C

and a pressurenﬁr@ﬁimozﬂet’lésfso x 106 Pa, preferably 1 to 10 x 106 Pa,
particularly preferably 2 to 7 x 106 Pa. 15 The pressure and tenperature

can be adjusted to_each other i.n suc at t synt.hes reis
present as a SFRYl & 13%uPBSHREEBI At paha§§m°¥n g Rothér E‘n‘gr)’ﬂfné%t %? ﬂé

pressurgoand besperablye 1@0e el Beo ed, spatrhatuaakiguiptedreraldgl |22Q)hta5e or
a m xture of ?ﬁ!}b and 2Q. 1.y d pﬂ%sr? gnd €$S9oax9%e%*§ Pﬁﬂéfe J”e of

obtained. In Ao d Mt qui d or solTd phase o

| i qui d and solldOphdkeXc@ﬁre§pon¢@ﬂu1quﬁﬁrkwcﬁk@fem@&lnré ché?eéslﬁhe
gaseous phasepis separated off. As part of this step, the gaseous phase
can be 25 separated fromthe liquid or solid phase or fromthe mxture of
solid or liquid phase at once, or the synthesis mxture formng within

this step canthe grasante i AniWor PhsLaEora ddriubd/ gaspaussd sebi dégeseous
other in such a way that the synthesis mixture 1is
present as a single liguid or solid phase. In another
embodiment, the pressure and temperature are selected soO
that a licuid or a solid phase or a mixture of solid and
20 liquid phase and also a gaseous phase are obtained. In
this embodiment, the 1liquid or solid phase oxr the
mixture of liguid and solid phase corresponds to the
product mixture, whereas the gaseous phase is separated
off. 2as part of this step, the gaseous phase can be
25 separated from the liguid or solid phase or from the
mixture of solid or ligquid phase at once, or the
synthesis mixture forming within this step can be
present in two-phase form: liquid/gaseous, solid/gaseous

or liquid-solid/gasecus.

30
The  pressure can Dbe adjusted at a Dpreselected
temperature so that the pressure is smaller than the
equilibrium vapor pressure of ammonia, but greater than
the equilibrium vapor pressure of the other components
35 in the synthesis mixture at the given temperature. This

way, it is possible to favor especially the removal of
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or liquid-solid/gaseous. 30 The pressure cah be adjusted at a preselected

tenperature so that the pressure is smalléer than the equilibrium vapor
pressure of ammonia, but greater than the equilibriumvapor pressure_of
the other conpomentis 3%dnthhe syped@dsiv® nile utwdarlyisé sgi ven thenpeead ure.
This way, itah%d8°§§59£§ to favor especially the renoval of - 15 17 MAY
2002 ammoni a and thds speed up the hydrolysis of the acid am de groups.
The apparatus/reactors usable in this step can be 5 identical with those
of step 1. asqfbscussedaabiavecaherbesidanae tise ahide ddig d sdep be

| i kewi se not ~subje to any restrictions, but ecqonom c reasons generally
dictate & rang@entémrabyathlGhRSRUPESs SEEPaboufS16E361RE6Rs2PRVEF erably from
about 6 to about 8 hours, particularly preferably fromabout 60 mnutes to

6 hours. The product m xture obtaiped in step.3 can be fyrther 15
processed as él"&cr?%%’dﬁfé?%wf-lf“ﬁ Lr EPEr r%rdl’g‘f‘rbc?%faﬁenltsj #ﬁi‘eﬁ’rgﬁucrfc}t
m xture of stepb3ecks %4hj ested resarposionadendati oredananifourtéastmp at a

tenperature from about 200.tq abhout 0G ; |-V &t t re
f rom about 22@%8%83&, %égb'gglealal yl%afn:r%o%m*ra oﬁ%&g% 1100%35 St‘[eéen|;£%4&|£117;:l
carriediout atoa pressur @raffsireiplivs Bebow albeutpr éssup e adfoust ef r@ursi s

preferably Lthie ~hange. LE ut 0 X ' npLe
preferably mx%hf%gfhggfg%gegfgéggggggt {%o#o éggg% Zé@sdg§§u?%$ F%? I% t he

context of thheutEep, the tem perature and pressure are selected so as to
obtain a second gas phase and a second liquid or solid phase or a mxture

of second liquid and second. solid as i C each conprise th | yam de.
30 the procduct mixture %t;ata%nvgg :}Jn step % nPan %e J?u:pt%é/r

15 proceésed as described below.

In a preferred embodiment, the product mixture of step 3
is subjected to a postcondensation in a fourth step at &
temperature from about 200 to about 350°C, preferably at
20 a temperature from about 220 to 300°C, especially from
about 240 to 270°C. Step 4 is carried out at a pressure
which is below the pressure of step 3 and is preferably
within the range from about 5 to 1000 x 10° Pa, more
preferably within the range from about 10 to about
25 300 x 10° Pa. In the context of this step, the tem-
perature and pressure are selected so as to cbtain a
second gas phase and a second liquid or solid phase or a
mixture of second ligquid 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% strength by weight of sulfuric
35 acid) of the polvamide assumes a value within the range

from about 1.6 to about 3.5.
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The postcondensation of step 4 is pref er_ab_.ILé/ carried out in suc]h a way

that the relative viscosity (nmeasured at &  tenperature of 25C and a
concentration of 1 g of polymer per 100 M in 96% strength by weight of
sul furic 35 agind) aofptéfepobyanniedssrtes anyal vater t Huestdnes r amgethérom

b . 6 bout. 3.5._- 16 3 f '
about 1.6 {0 0ot 51?%? écsﬁg MLS002 400G Hke red gpbodidiant oo any

wat er present e expe y neans of an inert gas
such as nitrogerh 2sThe tnegjatence tine of the reaction mxture in step 4
depends especially on the desired relative viscosity, the tenperature, the
pressure and the amount of water added in step 3. 10 If step 3 is operated
as a sing e- pitase regidencehding odfictthd nzepet helen M&ENTS ahd FEP 494 may

optional 'y C%@B%k)n@spagg#ﬁgiﬁﬁwr&% ther gxaipte. -Basehia ringsooicysul zer
m xi ng el enent’s; ich arlow a Controlled expan- sion of the synthesis
m xture in thehgast@hReEatuse| n thsf PYRRFUEHDEAANEE ofMPHRE I Rrent?b?F step

3 may be dispepsed W tdranad t he pol yam de produced by carrying out steps
(1, (2) and ?;4). 20 This variant is preferably carried out as follows: In
step 1, at least one am noal kyl nitrile is heated wth an excess of water
at a tenperature @tépi B tHe onegetédomsabauts2fle-lamrit r2g0@eandcle

pressure of 25 from abput 4.t a t ptessupe opgLai e
bei ng adj uste@‘togugé'cﬁfo?%erbci%ﬁv%s%cﬁeé\)/ai taElgt %‘heéﬁ %yn .'e_séga%gigﬂ'r‘e is
present as a sioagleér ippikiphaséementst héoni exaelgn o e sedviger 51REFS bef ng

not |ess than Dl faze Lbe mphesnofiamineal kyde iTdd ecused-, to
30 obtain a rgglgtzietin nr(ﬁ}i e.gl%ﬁg reaction m'axture Is treated ines’t ep 2 as

described absvemoofatthe teMFdrefie AT HIT Théheakgé PRGFSabout
15 '
In a further embodiment of the invention, step 3 may be
dispensed with and the polyamide produced by carrying

out steps (1), (2) and (4).
20 This variant is preferably carried out as follows:

In step 1, at least one aminoalkyl nitrile is heated
with an excess of water at a temperature within the
range from about 220 to about 270°C and a pressure of

25 svom about 4 to 9 X 10° Pa, the pressure and temperature
being adjusted to each other in such a way that the
synthesis mixture is present as a single ligquid phase
and the nitrile group conversion being not less than 95
mol%, based on the moles of aminoalkyl nitrile used, to

30 obtain a reaction mixture.

The reaction mixture is treated in step 2 as described
above or at a temperature within the range from about
220 to about 300°C and a pressure within the range from
35 about 1 to about 7 x 10° Pa, the pressure in the second

step being at least 0.5 X 10° Pa lower than in step 1. At



220 to about 300C and a pressure within the range from 35 about 1 to about
7 X 106 Pa, the pressure in the second step being at least 0.5 X 1 7@@ ?
| ower than in step 1. At - 17 the sane {4yne, the resulting first ga g;@
is separated fromthe first liquid phase. The first liquid phase obtained
in step 2 is treated in_.5 step 4 as in step 1 or at a tenperature within
the range froh abBe 226116 30d8eandesWdsidur £1%sthi washe phage ¥ om
about 10 to @@Jﬁa&m} Hed)' £1Ra, £ ik resqliid fhaskecond, water- and

anmoni a- conpri sing gas phase being separat ed fromthe second |iquid phase.
Wthin this 10 step, the relative viscosity (nmeasured-as defined above) of
the resul ti m;hqoofm dha‘;slad'pharsedobeaandestﬁeetepalzuqs\mﬂvtéatédﬂqrf ange
from ab§ut 1st bout 3. {uroughtcho ce of tenperat u.re%}r%g resi dence
tine. The ré?su‘]Itl hg &€ %‘?‘% A° pRasTRE 1qapge

di scharged aimbm igbalesi224d, twoBIO@dcupndTb.epa-lee\serde&cﬁthliﬁd thie0 QERRRS

. e.
t he sequenc ng, §0 e nt shep r. 1) (2)
20 and (4) S‘fr%?rg bOq‘(: 1b; stt(%re ere%bl l“;'lépdcszlarrleg %F %\1? \lﬁ(esgé‘ll% né; in
successi on |Steca>nsi ngW@tﬁeactémd prmanfiarcompr psEher e ephasiée miveti naf the

present invelpalda@Rd atrbgastnenesOfodde 19 %l&hg‘%ﬁésgbt %i]}ﬂﬁglr{n

respective steps can be recycled into at gast rece%l ing steps

It is ¥rt héteBr efrdPaBiSd atd s Betc e 1 elfsasairede a@n(ﬁefpm@ﬁs@rh@vieh step 1

or in step fortha mtstutstﬂtg 1p@1qra3ﬁdet eDs3a$:I?JL?§:etd) g8t & N B dibgui d or a
solid phase_or, . a mnixture @'é agd solid hase and a aseous hase
and to separard of‘f’l%’(]ﬂenga ud Telr 1R & ntenet of the
process of theoughegholbet loﬁn,tempen:atalreoapdssebi.&eﬁ@eCta'trﬁe(. out a chai n

| eng thening or branching or a conbination thereof. For this purpose,

pol yrrer branchi ng or chain-1engthening sub 17 MAY 2002
15 The resulting second liquid phase is then conventionally

discharged and, if desired, worked up.

The above-described processes, i.e., the sequence accor-
ding to the invention of steps, (1) to (3) or (1), (2)
20 and (4) or (1) to (4), 1is preferably carried out

batchwise, i.e., in succession in a single reactor.

In a further preferred embodiment of the present inven-
tion, at least one of the gas phases obtained in the

25 respective steps can be recycled into at least one of
the preceding steps.

It is further preferable to select the temperature and
pressure in step 1 or in step 3 or in both step 1 and

30 step 3 so as to obtain a liquid or a solid phase or a
mixture of ligquid and solid phase and a gaseous phase
“and to separate off the gaseous phase.

Furthermore, in the context of the process of the inven-
35 tion, it 1is also possible to carry out a chain leng-
thening or branching or a combination thereof. For this

purpose, polymer branching or chain-lengthening sub-



17 MAY 2002 - 18 stances known to a person skilled in the art are acﬁj
in the individual steps. These substances e preferably added in step 3
or 4. 5 Usabl e substances are: Trifunctional am nes or carboxylic acids as

branching agepts @k QR8s | fkers peBsapl 868 feduid abhe at.J east added
trifunctional amnes or_car boxyl i C aC| ds‘ are %‘SCI’I bed 10 in_EP: éb,rO 13515

648. The at | éastther iiMgHtiHTY TGS HFee BRT R Groups

which are capgbheaofin eagt |30|a,rW|4th car boxylic acid groups. They preferably
do not have any carboxylic acid groups. The at least trifunctional
carboxylic acids have at |east three 15 carboxylic acid groups which are
capabl e ef reaehior sukhkaa@esdezrand which can al so be present, for
exanple, in the formof their derivatives, such as esters. The carboxylic
acids preferably do not contain any ami no groups capable of reaction with
car boxylic acrrdlgltmktpaonaa Exmipées @f sarbapvélicardokis i @SacPmnerard

trimesic acid, _ trime at; | dspxphEPas ed £f of, exaupl e fhkr oradei ¢
acid and havi ﬁa Prom‘%o %55 tn)kgg% at%}r{n; napht haI%nepoI ycaar xyl i

aci ds, such asr néplm:halo@ﬁe- anNSs 70FetFARHRABOXYT | BCAEFd 2TFhedRET

aci ds ag% 25 Q&efgﬁapld defd ngdgorgﬁmca@gonp@m@ﬂst &um@t_lwa)mee:mmes .
conmpounds | es of am nes having at | east am nQ groups_are

nitrilotrial k%ﬁzxe ithele@8§peditdi9y AMHPPI @rrou@tsha"ﬁéa n&’ 3 d:apa‘ole of
di al kyl enet ri a@ReS oresRes Adnbddiyatitylarmiet rgamipe, They abkyfermtit rémi nes

and tetraal kyl enepent ami nes, thebae Igjyl eng .4qi ebggﬁagr ef gy abl ¥t bei&gst

et hyl ene i efPés. PaEEr t RBYnoFE” FIners-can as_amn
Dendri mers preterablcyibagd t kergenarldlc f rradsa 1ha8®: (RN 1€RR) "t}b”@\?

(CH2) x4 N ((CHZLDdxy%%) Zaé é )groJﬁé 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
groups capable of reaction with carboxylic acid groups.

20 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-
1,3,5,7-tetracarboxylic acid. The carboxylic acids are

25 preferably defined orgaric compounds and not polymeric

compounds.

Examples of amines having at least 3 amino groups are
nitrilotrialkylamine, especially nitrilotriethaneamine,
30 dialkylenetriamines, especially diethylenetriamine,
trialkylenetetramines and tetraalkylenepentamines, the
alkylene moieties preferably being ethylene moieties.
Furthermore, dendrimers can be used as amines.
Dendrimers preferably have the general formula I

35
(R,N- (CH,),) ,N- (CH,) ,-N ((CH,) ,-NR,), (I)



2
where Ris Hor where R is Hor - (CJ-|_2)$9Ni_022, where 5 R2 is:ll-.(o]:'%mE 2002
(CH,).-NR 32, where R is Hor - (CH2)T=Nri,, nis an integer from2 to
6, and x is an integer from2 to 14. 17 MAY 2002 10 Preferably, nis 3 or
4, especially 3, afiexXeis an integer from2 to 6, preferably from2 to 4,
especially 2. The radicals P. can al so have the stated neanings

i ndependent|ly of one another. Preferably, Ris a hydrogen atomor a -
(CH2) , -1TH2 radigals H5oS8u+t@h))e-NRigborye¥e acids are those having from 3

to 10 carboxylic aci.d groups, Brefeeablyy3d.@r 4 carboxylic acid groups.
Preferred car boxyl?clgc?{dg}‘arécf&'hg"semgfévi ng aromatic and/or heterocyclic
nucl ei . Exanpl es a&’ei20Hbenzyl (CHabphRhy| Wh&&Ehr acene, bi phenyl, triphenyl

radi cal s or heterogycleg sych @s pywﬂgj ne, bipyridine, pyrrole, indole,
furan, thiophene, puiine, quinolfre, phenan?;}'hr ene, porphyrin,

pht hal ocyani ne, naphithai®- 12ve#eT nEXoPrefePe cea?g given to 3, 5, 3',

5' - bi phenyl tetra 25 catboxytigeact ot heboryani ne, napht hal ocyani ne,
3,5,5',5" -bi phenyltetracarbcxylic acid, 1,3,5,7- naphthal enetetracarboxvlic
acid, 2,4,6-pyridine- tricarboxylic acid, 3,5,3 5 -bipyridyltetracarboxylic
acid, 38, 3" ,pRrehanapphenonset et r acarbOxgspecdeildy 39, and x is.an
1,3,6,8-acridjnetetracarboxylic .aci i-Gul pref erahl :

1, 3, 5- benzene]tr???%‘?rbo%?rf‘céagiod 6<(E'lt rplq'ﬁe%@;cégégi %&gn% L&' €l l%ss‘bemény

1, 2, 4, 5- benzenet eheacnadbzylisc Rcican kPO doHPOURES of & CHFMBEGrarey

avai l abl e or ¢ 9% r_,ed by sthhe RIRAesS desgrébechpn, DE-R- 435125182.
if ortho 35 shrgésef&ﬁc?%d onat i cocquounds are used, imde formation is
preferably priexemaeszh tdteugr t e EHoi &V of T&Fapl-e reaction t enper at ur es.

15
Suitable carboxylic acids are those having from 3 to 10
carboxylic acid groups, preferably 3 or 4 carboxylic
acid groups. Preferred carboxylic acids are those having
aromatic and/or heterocyclic nucleil. Examples are
20 benzvyl, naphthyl, anthracene, biphenyl, triphenyl
vradicals or heterocycles such as pyridine, bipyridine,
pvrrole, indole, furan, thiophene, purine, quinoline,
phenanthrene, porphyrin, phthalocyanine, naphthalo-
cyanine. Preference is given to 3,5,3',5"'-biphenyltetra-
25 carboxylic acid-phthalocyanine, naphthalocyanine,
3,5,5',5'—biphenyltetracarboxylic acidg, 1,3,5,7-
naphthalenetetracarboxylic acid, 2,4,6-pyridine-
tricarboxylic acid, 3,5,3',5'-bipyridyltetracarboxylic
acid, 3,5,3',5‘-benzophenonetetracarboxylic acid,
30 1,3,6,8-acridinetetracarboxylic acid, particularly
preferably 1,3,5-benzenetricarboxylic acid (trimesic
acid) and 1,2.,4,5-benzenetetracarboxylic acid. Such
compounds are commercially available or can be prepared
by the process described in DE-2A-43 12 182. If ortho-
35 substituted aromatic compounds are used, imide formation

is preferably prevented through the choice of suitable

reaction temperatures.



17 MAY 2002 - 20 These substances are at |east trifunctional, p%%f%%%b%%/oz
at least tetrafunctional. The nunber of T urtti onal groups can be from3 to
16, preferably from4 to 10, 5 particularly preferably from4 to 8. The
processes of the invention are carried out using either at |east '

trifunctional amines or at least trifunctignal .garboxylic acids.,bit, not
m xtures of SHERSENISYES FRC&rPoxyPic zf(ﬁs%s?t‘l—hﬁ%r\l/%“r%éﬂsénjﬁl ?S‘a%%%ht 3 of at

| east 10 trifypcthcaral admnesurtilglr eseTie i murteet ridiincivopai onal

carboxylic acids, and vice versa. JThe supsta ar resent pn unt
from1 to G509TPHBE/ FF PSI “ble,}- gﬂpef ?ablg§%?re6r%%i9t 0 35, %St%n i

particul garly peeterabkyly tpr2ferainly gfobmpot yasi de. Thhe PSPSSEEFEesChr e

preferably present,in_an.anou fr - 0,150, ,pardi cilardy peefeeabty
from5 to 1003e:1§’ees‘pré%?%rho/nf r%'}rr? 15%1@5%5 831 nol oféequi val ent S"/Fg" f
M

0
pol yam de. Theréquncalienes ar enjassd orP® he Funbete®$t 200F HHERF oHaP2hni no
groups or carhoxyli ¢3¢l d,graups o 3 fypet ionalucas bexyldeciacedsnes or
di functional anines“are used as chain lengtheners. These have 2 carboxylic
acid groups whirbhxwancheafidet ediQW¥Rami ﬁ&‘adﬂoufﬁ@?uﬁFSZ %5 &fi no~3F bups
which cap be reaelad Wohh 1caiiRey inyaWdlspredder disf utise i onafucarboxglic
acids or amnes, as well as _the carhoxylic acid groups or am no groups, do
not contain SAYPPEVEREr ACHNE T 6RE VgrSupS-Sipabl e of reaction with ami no
groups or carboxylic acid groups. 30 Preferably, they do not contain any

further functjpnal roups. _Exanple i tabl i fypgiiconal-ogm nes-are -
t hose whi ch ngFh sﬁPgétW £/ >di Fggctﬁlé‘%ga?ﬁgar ox;eﬁ‘I?c acl Js. Tﬁeyo cap_ be

linear al i phaGicpmslch a®fC, -polyaimkie encBr 8rPREPLYr efEPEDI

CZ_6-al kyl e”?%%?gxi'%’lc—;%& 35,.ex¥anph e, hexykenedh anjunel /They caslaksodbe
cycl oal irphatiC. anpl es are 1 sophoronedj am ne, dlhcy_glycan, | arom e,
Br anched aIipﬁ@pi@qﬁsﬂﬁqggsagﬁe preferably present im an amount Irom

3 to 150, particularly preferably £Irom 5 to 100,
especially from 10 to 70, umol of equivalents/g of
polyamide. The equivalents are based on the number of

20 functional amino groups or carboxylic acid groups.

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

acids. They can be linear aliphatic, such as C.,~

alkylenediamine, preferably ij—alkylenediamine, for
35 example hexylenediamine. They can also be
cycloaliphatic. Examples are isophoronediamlne,

dicycycan, laromine. Branched aliphatic diamines are



17 MAY 2002 - 21 |ikew se usable, an exan,PI e being Vestam n TI\;I\Z MAY 2002
(trimet hyl hexanet hyl er _edi am ne, from Hdi ES AG. In addi- tion, the

di am nes can al so be aromatic-aliphatic, it being possible to use

n_-xyl yl enedi agkBgiskor exappke. Seknt id-eammiaes bedmgeactiebeasubst iTMPed by
C -al kyl, preferabl 14- al , _radicals on e carbo kel-et on: - _

Di f uncti onal é5F58§§\P/Vgh§§?ﬂ1§t§¥’é?nf%lﬁa5%5’r%l e%rt({}holggigvﬁ‘?ih or mg%%'_f ts
with difuncti endah, ditd nasamThey c@em belbd |baearoaiizplatile pdietachoxit i c
acids, which are  prefer ,20-di _carboxyl i | 4 Exanpl RS adi pi c
acid, azel ai c”8cPd, bjcgagioa, U8liberit a\éﬁl/ﬁ{ec%aag@lqgea’n_ ~gl’soé?)aé "aromati c.
Exanpl es 5are Esophthakminasi dsant evaegiht e | sulisitd fungght Rl ehes 2BFDoxyl i ¢
acid, as We'lDr%§egsb§gg§;LZS§5§§gt¥a@§hg§s Bget%EIgQEEanéke§@§bﬁ.bU'|d|n9

bl ocks (c) are ~prefer used'in anounts from 55, particularly
preferably from1l to 30, especially from1 to 15, pnig 20 of polyam de.

According to phe,ipyeption, cdheproductydiigd Ukeeobtminedxahplet epidosor the
second liquid %( geqon sghaitg pha‘ij)e %ﬁ%h%ég?tu e oi;_}?sstec%(}gﬁ# ;/Cg_ul_ll %%nd
second solid phase Z3<ff e t &3 G *h it nide,
prefe- rably a:pebyner anebhatiis di sthangedafiiem t heidact i othiakessedren a
conventional mannper, for exanple means of . a punp, Subsequent]y. ihe

pol yani de obt Si‘ﬁéﬁrEQﬁybé:HV\Tg‘%@f %t%%r&icﬁéist'ou%%aﬁ%*n%so%é? n%%/%]ﬁé] as
30 described tetdexanplleicnabEdA 4312t i88R(ighges Bdrime HAd 1 dlprigecan | i ne
3) at length. Ln.a @%?fe££8$%§ggo¢'ﬂﬁgmnf£§ |§¥gL q%o?%%%a@i@'“ﬁci@, the

[
nyl on- 6 obt ai fied accor di ng é inventlon can 35 further reduced by

extracting théepebhahtdéct mcdd, winaph tdid LRNASHIFE IROIFUHIL6n a6F Seafrol ¥Wt-am and
then with water sapdiov.gubbeeli Bgiklk.to a gas phase extraction 17 MAY 2002

The difunctionzl basic building blocks (c) are
ferably used in amounts from 1 to 55, parcicularly
preferably from 1 to 30, especially from 1 to 15, um/g

20 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 solid phase

25 (from step 4) which each comprise the polvamide, prefe-
rably a polymer melt, is discharged from the reaction
vessel in a conventional manner, for example by means of
a pump. Subseguently, the polyamide obtained can be
worked up according to conventional methods, as

30 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 in
the nylon-6 obtained according to the invention can be
35 further reduced by extracting the polyamide first with
an aqueous solution of caprolactam and then with water

and/or subjecting it to a gas phase extraction



- 22 (described in EP-A-O 284 968, for exanple) The |ow nol ecu]I armm%lzg

constituents obtained in this aftertredtrent, such as caprol actam |inear
caprol actam oligomer and cyclic caprol actam ol | goner, can be 5 recycled
into the firstgasdtopegecond Engi-ay lzlgi4r dosBep.fdthe estaantlieng niTkeurkowand

the synthesis m xture can be _adm xed in all St eps,, Wi _t. ai n, regu rs
such as ali pﬁgllL?EuﬁaﬁH ar URRERE carBOaALEEE di OB &%y C?c acrlg ds 111;8{9

catal ysts suchfasrexygenegont aﬁudmga@hoaphoﬁastamonﬁamm i PERNOLAE RN t hi n
the range from0.01 to 5% |y Wi range friom 0.2
to 3% by wei én‘nﬁg °BSSed thgygngunt o%p aacbcéfn (% QI?IBQP

yam de- nmononers and
anlnonltslIe5vused1e8unnablehehénmslSanég@tasapgndlﬁéﬁﬂéé £biréxanrpPe
propi onic acid, acetic acid, benzoic acid, terephthalic acid and
triacetonedianine. Additives and fillers such as pi gments, dyes and stabi -

20 lizers areTgenert@dniraddeidxterehersynthesisymabestse IBH%H"'?OCE‘P be

pel | et zati onaps ebarably 4m t e secondey h'c'h@lnande@ﬁﬂ!étb*gt epsch as
Particular preference is given to, usin lers aqu addi t|v§lawhenever t he

synthesis or 2paPYABECnPREURE AT NP e § y&T25 in
the resgpof thgapreeesshids Oneuer make Id%@a&@r—dmﬂjafﬂrﬁdlgr ubbies spmeyuHe

present in the conpositions as _additives ampunts. fro B 0%
wei ght, pref eFABPHURER o1 3G UBGS, B‘S}%ngrﬁne BESEF dc‘ﬁqt“herB cebn‘tlotre % By

conposi tion. @@ightis m@&sa:iﬁ:ﬂ;t owliskinf atheexampye, frost dhqa?ryuprr@&ctby
modi fiers whi ch.aéﬁ sui.tabl e 11 palyyam %ﬁéuﬁ@d/ Qs = sihers. 35
te tHe T gggerﬁﬁ{ ve

Rubber s whi ch"enfl oug ness o yam des have two
essential feamanesersheyzahdve amlnenaziréﬂrém c poeti on %}’éﬁb%%s LR s

traHSIthgn te?BSuiZtygg 20021 y3e for example propionic acid, acetic
acid, benzoic acid, terephthalic acid and

triacetonediamine.

Additives and fillers such as pigments, dyes and stabi-
20 lizers are generally added to the synthesis mixture
prior to pelletization, preferably in cthe second, third
and fourth steps. Particular preference is given to
using fillers and additives whenever the synthesis or
polymer mixture will not encounter fixed bed catalysts
25 in the rest of the processing. One or more impact-
modified rubbers may be present in the compositions as
additives in amounts from 0 to 40% by weight, preferably
from 1 to 30% by weight, based on the entire

composition.

30
It is possible to use, for example, customary impact
modifiers which are suitable for polyamides and/or
polyarylene ethers.

35 Rubbers which enhance the toughness of polyamides

generally have two essential features: they have an

elastomeric portion which has a glass transition tempe-



- 23 rature of less than -10C, preferany:§e§s than -30C, and %Lé@hy 2002
contain at |east one functional group which is capable of interaction with
t he pol yam de. Suitable functional groups include for exanple carboxylic
aci d, 5 carboxgltiuceandfdiede, WarboxyPiC eprefershiboxydss thande30°C.
carboxylic im_de, ].no Xyl , [ d angd | oups.
Exanpl es of r&% eéyg i%%ﬁ%%%gn%é %%ggﬁogﬁﬁnéggﬁggﬁﬁﬁg Qgggﬁ?gﬁésa?ng%ude
for exanpl e: ERpaideEPDI r dblerscgiant edifit hthRe BBoYERidfict i BAAFEDHR oups.

Suitabl e graf %hﬁ%{g&%@ﬁ%ﬁ“_tg%éfu 4 ude chopeexasp! exanBhei ¢anwdride, aéiaconic
acid, acrylicacid, g_y0|d? 15 acrylate and glycidyl nmethacrylate., These
nonomer s5can Ber§RAPEAE onBBRYRELHBI ynetRTRPRhEC melSEtEF i n SBFRPTVRCi n

the presence qp:ahsence @fo-a,11deeinadical aniint, at afysush BS cepBRgde,
hydr oper oxi de.” 20_The copol yners .of a-ol efins described under the pol yners
A, including 85EEEERE FRChE* B -ETe SEGPESymers, may al so be used as
rubbers instead of polynmers A and be m xed as such into the conpositions

of the invention. 25 A further group.of sui e glas re corg-shell
graft rubbers.X?W@sgsafgygfﬁg?e?%bggrghMﬁgﬁéﬁﬁﬁe“%?o%%gg F%Seﬁﬁ1sfg% and
whi ch have at pleasts dmelhgied foangxam®lseoft constituent. A hard conponent is
30 customarily a poltinmer having a glass transition tenperature of at

| east 25C, while a soft constituent is a _polynmer having a glass transition
t enperat ure oE? rend nBPEM HatPlRE s TEE3ELERoICHS RBSe POt uERRFRIGRARIE up

of a core andgjatheastgoneshel brathenst riddure deiAg138et TR esiddpnd the
order in mhlcﬁ the nononers, are added.. The.soft coqstltuqn S a&g g\gfrally
derived from MBUEAG SHEYGSEHT enet2aPRYF &ErFG afSTY Ak AC T MA ‘?58

15 acrylate and glycidyl methacrylate.

These monomers can »e grafted onto the polymer in the
melt or in solution, in the presence or absence of a
free-radical initiator such as cumene hydroperoxide.

20
The copolymers of «-olefins described under the polymers
2, including especially the ethylene copolymers, may .
also be used as rubbers instead of polymers A and be

mixed as such into the compositions of the invention.

A further group of suitable elastomers are core-shell
graft rubbers. These are graft rubbers which are
produced in emulsion and which have at least one hard
and one soft constituent. A  hard component is
30 customarily a ©polymer Thaving a glass transition
temperature of at least 25°C, while a soft constituent
is a polymer having a glass transition temperature of
not more than 0°C. These products have a structure made
up of a core and at least one shell, the structure being
35 +he result of the order in which the monomers are added.
The soft constituents are generally derived from

butadiene, isoprene, alkyl acrylates, alkyl
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- 24 nethacrylates or siloxanes and optlg?al |y further conononers. .

Suitabl e sil oxane cores can be prepared f “exanple starting fromcyclic
oligoneric octanethyltetrasiloxane or tetravir_yltetranmethyltetra 5
si | oxane. Thesaan-Hedfay exanpl eileectes watlkd yome:cmgpl bpr ofy-wbely| di me

t hoxysilane in a ring-opepin at i oni I ' ' p aplyy L. the

presence of %‘iﬂqm%s&ci%‘é?g?%f?ol":‘ﬁ??%t‘gggoﬁgﬁg%g%(%rggb%oégég%TEg “'E_)“

si | oxanes carexdmglde crosskinked by, flaromexanpl eyclidc conduetiiggrerec

pol yneri zati on reacti in 1 ncg,. of. silanes having hydnselyzabl e

groups such cm%ﬁ@/ﬂ]ﬁoer“’%ﬁmglo%%e?ougg s&gﬁﬂggnﬁgt‘r %\eét %%)?y)sﬁlg’[gr%,,a

met hyl t rd - netioocesesid aneTbhespheEnt r i@t héR¥si e I1Sui t B®Rete@onvAdher s

here include.jar., BIBLE TNERRS 1865k Bl it e1and: crasgl-bakhaggor

grafting nononers ving “nore tﬁ’an one polynerizabl e doubl e bond such as

diallyl  pht dEiaiali PPhyTBEAZ8RECTDURKTFIR G adhy Ate BYESERFEI Pyl

(_so)cyanuratg); fil}e hapd:e@nstid uenirsy atBe ORI akhyostehkvetbfdom ghyr ene,

a- met hyl styrene and 20 copol yners thereof, r.eferc%ecé comynoner s _being

acryl o- nitrigeo¥BtIacSAdNid 9 e dcﬁ'éjtsh@‘l achyl att&* préfPréd

core-shel | grafdauddiber sthavedi eafdi zzoriorandeaathand ishethe opraskard core,

a first soft shell. and at_25 | east_o her d I

i ncor por at i orfofS* ¥&fHtt i%‘h\é‘rn%%}ﬁpﬁog%%g%é §5?g§%yFﬁgga%ﬁoggﬁf)gegc?a

aci d anhydri delkacot d amiwes asudhi nede, tearbexpokysidsner s, mgherri-

hydr oxyl , ep ol i.ne, uretha 2 ¢ q | obe I ups is
q%gyt%q 418, upe %enﬂ@arné@ﬁé Of 2:h Rayhagia

here preferab ‘ected by the addition of sujtably functionallzed

nonomer s dur iqRRAIENGRS y RSNz abREAUGE t ART| oSSTUERLE | SCY TS| &CTY L0
functional i zeg norQUTELS,d Nekude1fakiayanpke gratelsg acichonmsei tzathydri de,
nono- or diesters of naleic aci d,v.t-%;? - bu %i?l(nﬁktéhgacr |.ate cr%i\/q aci d,
35 glycidyl (Rsh) 83y a8 RRd¥Venyi6Razol T Drd o t £6n “6f ~Avnoner s
havi ng functignalalgfps 8$vinylbenzene, Dbutanediol diacrylate or

riallyl (iso)cyvanurate. The hard constituents are
generally derived from styrene, o-methylstyrene and
20 copolymers therecf, preferred comonomers being acxylo-

nitrile, methacrylonitrile and methyl methacrylate.

Preferred core-shell graft rubbers have a soft core and
a hard shell or a hard core, a first soft shell and at

~

least one further ard shell. The incorporation of

[\]
(0]

functional groups such as carbonyl, carboxylic acid,
acid anhydride, acid amide, acid imide, carboxylic
esters, amino, hydroxyl, epoxXy, oxazoline, urethane,
urea, lactam or halobenzyl groups 1s here preferably
30 effected by the addition of suitably functionalized
monomers during the polvmerization of the last shell.
Suitable functionalized monomers include for example
maleic acid, maleic anhydride, mono- or diesters of
maleic acid, tert-butyl (meth)acrylate, acrylic acid,
35 glycidyl (meth)acrylate and vinyloxazoline. ' The
proportion of monomers having functional groups is

generally within the range from 0.1 to 25% by weight,
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generally within the range fromO0.1 to 25%py_wei ght, 17 MAY 2002 - 25
preferably within the range fromO0.25 to 1%/oby wei ght, based on the total
wei ght of the core-shell graft: rubber. The weight ratio of soft to hard
constituents ifgrefyendsiat lyivhihi nheéheangrgdrfomom - BY t® 953, bygr ekagdbly 5

within the range from3:7.to 8 2._,Su -r?Hpb_ erss WhiLchgphanee-the tgughness
of pol yam des?r%sa‘r I?ﬁlom“npeer “soéaélnd%%é cr bgg in EP— E\-O 208 187 for
exanpl e. 10 A fubidrer Treoupedfhsuaabd eof npact AOJINAFEr §OBFELLHEPRD- 1S

pl astic polyester .elasfogers; Pobyesta el astamery ale ssegnmeptedraniy
copol yet her est®r s contai ni ng 1Tong-chain segnents, generally derived Trom
pol y(al kyA ene)wigtitigr 8 glanast SSramd shord -&iai n segnents, derived from | ow
nol ecul ar wei ght diols and dicarboxylic acids. Such products are known per
se and are described in the |Ijterature, for exanB e in US 3 §51 914.

Cor r espondi ng SystodiHRRE % ¢ BT coRmercFally 50UPPRBFE BABP YA ASTes 20
of Hytrel (r) (& PRRbIm AdH t ek (ahd Akesgr dined PelrprereX+) 20Boybdib Cor
Ltd.). It wll be eippreci ated that it is also possible to use m xtures of
different rubd&™EPF5 As further additives there may be nentioned fo.r
exanpl e 1(processing aids, stabilizers and oxidation retardants, agents

agai nst thermg| dec osition and_de Skt bt payi tbight.
| ubri cating g?ﬁ ‘d?e‘ﬁ'r%ir% g dgen "s,S1'3’1)&%)}Igife)f?reS'I]é1 %nggﬁ?gk’ ?gsggﬁdtpi gnents
and pl asti ci zgrlsstiFhepplyporeroreidRGEwIrs s GORFLELEY Wpla-Pupps are

preferably qutf%Bge%@eé)y V\@gggﬁyegﬂé.?QSQQrEhe tddaieight ebntherain

conposi tion. I gnments and dyes are generally present 1|kn 1am)untsf,gf up
- =% &2 ther
to 4% pref er SFGENSM 0957€523 150, CeSpEefal 15°T 1 Gl s ikylene) e
15 glycols, and short-chain segments, derived <ZIrom low
molecular weight diols and dicarboxylic acids. Such
products are known per se and are described in the
lizerature, for example in US 3,651,014. Corresponding
products are also commercially available under the names
20 0f Hytrel® (Du Pent), Arnitel® (Akzo) and Pelprene®

(Toyobo Co. Ltd.).

Tt will be appreciated that it 1is also possible to use

mixtures of different rubbers.

As further additives there may be mentioned for example
processing aids, stabilizers and oxidation retardants,
agents against thermal decomposition anc decomposition
by ultraviolet light, lubriceting and demolding agents,
30 flame retardants, dyes and pigments and plasticizers.
The proportion thereof is generally up to 40%,
preferably up to 15%, by weight, based on the total

weight of the composition.

35 Pigments and dyes are generally present in amounts of up

to 4%, preferably from 0.5 to 3.5%, especially from 0.5

to 3%, by weight.
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to 3% by weight. 17 MAY 2002 - 26 The pignents for coloring

t hernopl astics are comonly known, see exanple R Gachter and H.

Mul I er, Taschenbuch der Kunststoffadditive, Carl Hanser Verlag, 5 1983,
pages 494 to 510. The first preferred group of pignments to be nentioned
are white pignments such as zinc oxide, zinc sulfj det Ieac‘%‘lr\/\/m%ﬁm(&,f P\pCCB
Po(OH) ), | i FRBpHeMenits msy whPLeTaRE tFIm A 0xG e S 6 Wo nost
conmon crystaj{ng\%%mogg@s (Frott Ieega@@q eaAna ase;aclfﬁcen:f tad@niim diokliete, the
rutile formis pre

erred for wuse as nent
conposi ti ons GFSFﬁémPﬁOerﬂqronKmB‘F%%EO’pFﬁﬁ‘éTﬁ’ gﬁ‘g tl_gbe used&gjccor di ng
to the 45 invepsiomafes i non oxd dsilol.acknd Fé3®$): opd herréf agkogdu g,

Fe) ;0,) , bl ack tu , d
anél ir o)n oxi dgg&ggggal rgglnﬁf:%e)ééﬁdmeﬁl Gtony beﬁaiclg3 ;Bﬁ%q%e Sé&pﬂalr%l)(r:bu%ﬁ(;/ ©

preferably, oatBen btanok, wmhithdes useatll ywhied i h2t hBPE@rm &P (88) flur nace

or gas black (s en , eef ohm LigExpeyst -dfes | ag
(1988), p. 78# ?ﬁ ?Pn\% I I%Lrggmﬁagg;gﬁétg li'!l':nda:t%n|$t£néoﬂr gani, EE@ g nment s
55 ?tf{t g’é

such as chrontum owiste QAT oFZVF gahi BOSYTBFPRgrEM-<

pi gment gpand pht halQeyani NnesogaRebhe wsedruagter dicih t Ost he dikrerid Q.Frmt o
obtain certain hues. Such pignents are enerﬂ lé ComTEI’CJ al Iﬁ/ avalj

I't can furtheRSBeasf WAdr&nPIGES e | R gnenT S or
dyes in a m xtgyen-fen.exanpl e carbon bI ack with copper pht hal ocyani nes,
since this generally facilitates the dispersion of color in the

thernopl astic. 35 Oxidation retardants and thernmal stabilizers which can
be added to theathermbghastsc wbiapbsi tRonsbeofushd @pgendind | wel ude® for

exanpl e, ha||d$§v81tng£al 5-07 GrQuP i MY AQR% (Fe,0,), spinel Dblack
(Cu(Cr,Fe).0,), manganese black (mixture of manganese

dioxide, silicon dioxide and iron oxide), cobalt black

and antimony black and also, particularly preierzbly,

carbon black, which is wusually used in the form of

20 furnace or gas Dblack (see G. Benzing, Pigmente fur

Anstrichmittel, Expert-Verlag (1988), p. 78ff).

It will be appreciated that inorganic color pigments
such as chromium oxide green or organic color pigments
25 such as azo pigments and phthalocyanines can be used
according to the invention to obtain certain hues. Such

pigments are generally commercially available.

Tt can further be of advantage to use the abovementioned

30 pigments or dyes in a mixture, for example carbon black
with copper ophthalocyanines, since this generally
facilitates the dispersion of color in the
thermoplastic.

35 Oxidation retardants and thermal stabilizers which can

be added to the thermoplastic compositions, of the

invention include for example halides of metals of group
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- 27 | of the periodic table, e.g., sodium halides, potassium halides,

lithium halides, optionally in conjunction?& th copper(l) halides, for
exanpl e chlorides, brom des or iodides. The halides, especially of copper,

may al so 5 confaip ehecheensiich (Rvhiegards. Bxamphas refl isleh qoppersium
conpl exes are 00£pe hal i de conplexes with_.tri ghenyl phoip.hl ne.. forwit
exanpl e. It ishalpdeer pashibmehaiadgse PPACOPPUGYi dd vt AN W oFitde.
Ot her  possi biththes afe rterd&dl | ¥obi neesmmst ohendlos,i db&  hydrovudasnes,

substituted representatives of this group,.secondary aronatic_a,-mn ,
optional ly in 1e&HfeHct i O whﬁllrlﬁﬁésph%?ﬂgéi:%ﬁgxéi rﬁ‘hgcgé’r%(% ’anragw argtls%%S

thereof, and mixtuses ef cthesa-goapovrlsgapdef eEabhplies of corderraam€zon up

to 1% by weight, based on the weight 15 of L i xtur g, Bxanpl es Qf;: My
stabilizers are%RrTdas sub8tftut ed°"FEsor ci}%%fls%g sal icgciﬂ"at es,

benzot ri azol est anghéenrphophrnnaes fowhicctemarle gehter 4F | FUFSEGT PREFHAHS of

up to 20 2% by _wei ght. Lubricati 2 deymy di ng.agentgi owhieh ar®her
generally i ncT%ded‘%ien tﬁe*%tcher%r%gggs?lgc mat er.i al qi n, am)u?lt s of u to 1%
by wei ght, arepssespitiated, staegyl &FESRERIIYS al RYRAGT8dr at RES

N-al kyl st gar am des,and, 8hse, eStanss: ofuant ageytlciehek tuivel | oag- chaiin
fatty acids. It s -also possible to use salts of calciu of zi:pc or.mof
al um num of stEBP¥R. aci #eaAAdar¥o FEPRFT ket FHEY €T or Og%%r%?aé i st ear yl
ket one. 30 Thec gk psept i bAVenttironphusbheruproshdesnanpolaminrideangr crhidisl e

by one of the foregoin rocesses. The. exanpl e I -f.ol i A t he
i%venti on. 35 4%° “?% 286 d, Wtué?zfrrp?feséne £ CRoHBLEASLY! LaUrd- il s 3P

a concentration up to 1% by weight, based on the weight

15 of the mixture.

Examples of UV stabilizers are various substituted
resorcinols, salicylates, benzotriazoles and benzo-
phenones, which are generally used in amounts of up to

20 2% by weight.

Lubricating and demolding agents, which are generally
included in the thermoplastic material in amounts of up
to 1% by weight, are stearic acid, stearyl alcohol,
25 alkyl stearates and N-alkylstearamides and also esters
of pentaerythritol with long-chain fatty acids. It is
also possible to use salts of calcium, of zinc or of
aluminum of stearic acid and also dialkyl ketones, for
example distearyl ketone.
30
The present invention further provides a polyamide

producible by one of the foregoing processes.

The examples which follow illustrate the invention.

35
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Cat al yst preparation General procedure 5 Catalyst 1 Beta-zeolite powder

The catal yst used was a beta-zeolite fromd%tikon (Zeokat-Beta) having the
foll owi ng conposition: Si 02 = 91% P 103 =7. 8 %, Na,O=0. 5% KO =
0 . 7% BET 1@,sMrf1ace area = 700 ne/g, pore sizeiny =7.6 x 6.7, 5.5 x
5. 5, particlé& srze -0.5 }.in. Catalyst 2 Beta-zeolite extrudates 15 220
g of Vzeoli t&aedmstepaemagatiir e kneaded with 5% of Wal ocel (r) and 230
g of water foARfdinghereslie material was then nol ded under a pressure
of 70 bar into 2 nmextrudates. These were dried at 110C and cal cined at
500C for 16 h. 20 195 g of these extrudates were exchanged with 3 liters

of 20% sty engtdatiiy@t I0Bétia0z et i#RCHovrde? h and then washed with 10 1 of
wat er. Thereafter a second exchange was effected again with 3 1 of 20%
strength NH, C1 25 solution at 80C/2 h and the product was washed d -free.
Drying at 110Chsas daolalgwed bysell h wis cad cipeita onealit§00LromCabar yken 3
Sheet - sil i cat g type K r) 30 IS acigd:-treat no ; te
from Slid- nglze\é& %Q:(t #‘2 %acetgrgea 0%118%% nﬂ?gﬁgﬁg g%&:lon
exchange eqw \EdlCe nE %3F940-Z‘éreogrreﬁ/ Tfod%. Hz:owsy 2062.- B €attalVistsB4Tand 5
Ti Q2 extlroudat %grqfaclgooe%@@d =840 ﬁ\h,eg asporéessg@‘et i vel ¥, Prepamatt oa.7s in
line wth the descrl plgl on in Ertl %O%I gger Wei t kanp: " Handbook of

het er ogeneous cat & ysiPs VERT \Tﬁélcljrﬁelsﬁ';zeléb 98798t f. The Ti0_ pol ynor phs
described as parti cuI arly preferred it the preceding description were

m xed with water S|I|§a

lyst %g—zeolite extrudates

220 g of PB-zeolite from Example 1 were kneaded with 5%

[
w

of Walocel® and 230 g of water for 45 minutes. The
material was then molded under a pressure of 70 bar into
2 mm extrudates. These were dried at 110°C and calcined
at 500°C for 16 h.
20
195 g of these extrudates were exchanged with 3 liters
of 20% strength NH,Cl solution at 80°C for 2 h and then
washed with 10 1 of water. Thereafter a second exchange
was effected again with 3 1 of 20% strength NHCI
25 solution at 80°C/2 h and the product was washed Cl-Iree.
Drying at 110°C was followed by 5 h of calcination at
500°C.

Catalyst 3 Sheet-silicate type K10®

30
K10® is an acid-treated montmorillonite from SUd-Chemie.
Tt has a BET surface area of 180-220 m’/g and an ion

exchange equivalent of 40-50 meg/100 g.
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and glycerol, extruded and calcined at 550C. 10 Catalyst 6 Ti tan]i um

di oxi de/ tungsten oxi de catal yst The catal%%t used was obtai ned by
intimately mxing the comrercially available titaniumdioxide 7KR 611
(from 15 SachtdgheR)svw t R tuAESt N @xbde aapd-sihsaNUE axbeusean 8s8%per
Exanple 2 or 4. It has the follow ng speC|f|cat|on 20% by wei ght of WO,
O%by wei ght 8RtASS/; TBEPeSH VALY area = 73 n19 total 20 acidity (PK =
6.8) = 0.56 mol/g; total acidity (pRa = -3) 0.035 mml/g The synthesis
mxtures of c-ami nocapronitril.e i.n_a_molar m.xing tio
within the rafgEHEGhP™ 28 8 16% "éjr‘e}&m%& yOGPERIBF W t Hout ~ Eé?d are
i ntroduced mtmloaglhdera,ut oclevekafd er coiphneteckhor cafgh  hexkenggentens
catalyst materlal s .used, ., lLave h 30 al bed-in 41 eit;her
exclusively a¢ aet1 §t5 gr aVEP @géqgrﬂ}a{f "be 831‘1&%%%9 %$ tat a'I%/st gr%gnul es
and Raschig lpdigzmwknsngdetsenehes dgs e peg tieud agfl yst paabiesheped oTi Ope
catal ysts from Q. Ay t.eL-angl; ;ngmwl 40 a’l@elmn imiength; and
havi ng a specﬁrl C sur acdegEa“rvre}L JTaJI? Jét ou1 0 nP/g. W17 Y 2002 - 30 The
autocl ave is s@a edYssdolnerrted o taﬁ‘%lqarlcfg"é"@do?t r5e“>p9e§t ed pressurization
wi th suhsequent deconpression. The purity of the aminocapronitrile used is

99% The 5 acid wei ht pgrcent age ,i s ased on .t he anmount
ar ni nocanr on_ iS5y l§éﬁﬁl""@‘ %T"é’ﬁ‘é‘%zftl /SR ISR TR a%f(}yfﬁe rel ative

viscosity (RV), a msasure of the nolecular weight buildup and the degree

of polynerizat i.S .. neasure i.anin 96% t u aC| d
at  25C using r‘Hé?r? Gt Bitde 1% Vy%%e?‘s-’%‘?ﬁgé’e§0| Q{;m e ﬁ%:%%ggn J?A% Eh&
g/ 100 m for extrextcde lint eavallande titanium dioxide VKR 61 1 trom

15 Sachtleben) with tungsten oxide and subseguent extrusion

as per Example 2 or 4.

It has the following specification: 20% by weight of WQ,,

80% by weight of TiO,; BET surface area = 73 m'/g, total
20 acidity (pK, = 6.8) = 0.56 mmol/g; total acidity

(pX, = =3) = 0.035 mmol/g.

The synthesis mixtures of g-aminocapronitrile (ACN) and

water in a molar mixing ratio within the range from 1:1
25 to 1:10, selectively with or without acid, are

introduced into a 1 L autoclave after complete thorough

mixing.
When catalyst material is used, the autoclave has
30 installed in it either exclusively a catalyst granule

bed or a bed consisting of catalyst granules and Raschig
ring packing elements. Use 1s made of strand-shaped Ti0,
catalysts from 0.5 to 6 mm in diameter and from 1 to
10 mm in length and having a specific surface area of

35 about SOtf/g.



15 1.1 g/100 m for unextracted polyner. Unextracted polyners a]r'?a tgf?‘?e%looz
under reduced pressure for 20 hours prier3bo-analysis. For extraction, the
chips are stirred wunder reflux with water. 20 Exanples 1.1 - 1.8 A
synthesis mxture (180 havi ng_ an. ACN_wat er_ m. xi_n akio ACN. H, Q =
1:2 or ACN H G 1.HtP§9%\¥St ef i%e%eeéj\l‘?ggc?‘c?rerpt"&z 0 %{}Jérngsro At jé’g

whil e the pressapentad Iareonty oidtetbn ovilgh bsubssiuena feaywres $edi ef

val ve. The catalyst granules (400 g) cover the synthesis m xture
conpletely. After a reaction time of 1 hour at 18 bar, the autoclave is

| et down over Zhe hourity anbi dite pamssararfonpar}land:ss’d therP Thpt F8@ in
strand farm For; £OTpard,son {Coupas abéve; Exaples Cod- 1oapd Cnlufl, bhe
above-destri bed process” Is carried out simlarly but w thout catal yst. 17
MAY 2002 - 31 amvistegaosdnd f04by WAl Rel ative Exanpleratio of

wei ght] oxi devi scosity ACN: HO C 1.11:2--1.0 1.11:2-TiO 1.62 1.21:20.1%
HPOTIiO1.56 1 . 31 : 20. i_O01.46 1.41:20.05%H PO ITiO1.70
1.51: 20. 03% H.-SERROELS LGRS Y- TiQ 1. 77 1. 71: 40. 05% H-

POTi 0.1.89 1. 81 : 40.03% H SO TiO1.78 Exanple 2.1

10 The relative viscosity (RV), a measure of the molecular

weight buildup and the degree of polymerization, is
measured in a solution in 96% strength sulfuric acid at
25°C using an Ubbelohde viscometer. The polyamide
concentration is 1 g/100 ml for extracted material and
15 1.1 ¢/100 ml for unextracted polvmer. Unextracted
polymers are dried under reduced pressure for 20 hours
prior to analysis. For extraction, the chips are stirred

under reflux with water.
20 Examples 1.1 - 1.8

A svnthesis mixture (180 g) having an ACN:water mixing
ratio of ACN:E, 0 = 1:2 or ACN:HO = 1:4 is heated in the
reactor to 270°C over 75 minutes while the pressure is
25 controlled to 18 bar using a pressure relief valve. The
catalyst granules (400 g) cover the synthesis mixture
completely.
After a reaction time of 1 hour at 18 bar, the autoclave
is let down over an hour to ambient pressure (1 bar) and
30 then emptied in strand form. For comparison (Comparative
Examples C 1.1 and C 1.6), the above-described process

is carried out similarly but without catalyst.



5 A synt hes

is heated in the reactor to 270C over

controlled t

m xing ratio of Ad\l7l-f%¥
453 Autes while the pressure
using a pressure relief valve.

S mxture (180 g) having a nol ar

o 18 bar

2993

S

The catal yst granul es

(400 g) cover the synthesis m xture conpletely. After a 10 reactlon tlne of

4

3 hours at 13=baé;=&he=aa%ee£a¥e=#&4#ﬁ==fkﬁwrLu alrent—pressore—tt=ar)
over an hourj, ﬁg)éntremﬁomaxturbAtiap(bStbpndenmedaat 27 O0Rellmtavet rjieam
of nitrogen for ours jand t hen ext rudedx{ rang_torn1 égge%sﬂterbath.
For conpari gon (C‘orrparatlv%i R e| CHB D), Ithe 358§e-dnscrﬁ%e3?$¥ cess
Is carried qut simlarlly buatv.woholt cataly§t. Exanpl eMet al oxi deRel .
viscosity C z.l-l.UO 2. 1T O ! 17 MAY 2002 - |32 Exanples 3. 3.2 A
synthesis m 1480 g haviAg—a—ehar—d-ne—at-o—of —+H-6—=1%42.5
is heated in thejreacton to 279C over 5 7/ minutes Whdl e the pie$gure Ji s
control |l ed o I8 DBar using resspre religf val ve,. The catal ystgrarul es
(400 g) covs : S+S ?.ntur“ égﬁéié%éﬁy AftefJ; luaerU%Otiﬁj of 1
hour at 18 lar, the autoclave:ps | et 0dogsh EdS@nbi enTi@ressure (14bar) jover
an hour, the TO synthesiis mxtyre i5, pgstcongderised a1,270C in a streay-r
of nitrogen [[for—Lf-four Jnﬂ thef—ext 8d§§§+gFﬁ—ﬁ——Mﬁ é.bath Fof—conpar|i son
(Conparativeg Exanpke C 3.1),1: Ehe abOvéBﬂeECﬂlted pFD@ess |s carfibed dut
simlarly byt mn h%ut (ataly 5 5| Exanpl eAcid [% by Meta ox&d%Bel
wei cht] vi scgsi+ 1-66=C 3.““ 82%+H-Po;—+108 :
.6 1:4 - TiO. 1.77
1.7 1:4 0.05% H.PO, Ti0. 1.85
1.8 1:4 0.03% H.SO. TiO. 1.78
Example 2.1
5 A synthesis mixture (180 g) having a molar mixing ratio
of ACN:HO = 1:1 is heated in the reactor to 270°C over
75 minutes while the pressure 1is controlled to 18 bar
using a pressure reliefi valve. The catalyst granules
(400 g) cover the synthesis mixture completely. After a
10 reaction time of 3 hours at 18 bar, the autoclave is let
down to ambient pressure (1 bar) over an hour, the
synthesis mixture is postcondensed at 270°C in & stream
of nitrogen for 3 hours and then extruded in strand form
into a waterbath. For comparison (Comparative Example C
15 2.1), the above-described process is carried out
similarly but without catalyst.
Example Metal oxide Rel. viscosity
c 2.1 - 1.00
2.1 Ti0. 1.37
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3.1-Ti0 1.84 3 . 20.05%H POTiO1l. 90 Exanple 4.1 A synthesis mxture

(180 g) having an ACN.warer mxing 20 ra&jo of ACNNH20 = 1:4 is heated in
the reactor to 270C over 75 minutes while the pressure is controlled to 18
bar using a pressure relief vaI ve. The catalyst granules (400 g) cover the
synt hesi s ni lesnpl-dt el $.-2 After a reaction tine of 45 nminutes at 18
bar, the 25 autoclave is |et down over 10 mnutes to anbient pressure (1

bar) and then enptied in strand for relative wiscqosity of the
product is d&l%ﬁﬁ%ﬂ/%ﬁf%d%&t%? D3KEG; ST Qf Tk err%)er ed for

48 hours in arshegamof=nitzogens a&ﬁcaltﬁé)&: iThehwi se@stcb:y "@02"0@065 heveznper ed

pr oduct |s desi gnated RV npe 0 - I -
synt hesPs ni XCuFeREIE6 g Jng‘\e/l A eaerIA %eS%m ?(?%grg%:ra%t |eco %8 fon

1:4 is heat edsihgt he resstorrd orémefov*ea“vg m e eSarBLYE th@—?)’-?@s%%re is

controlled t 8 g p S e V3l wempfihe oat al yster g anul es
(400 g) cover 4@& ggyncf%\%l stﬁ‘lex%g‘?eﬂ%%rr% gg‘fﬁ? mmz;)ttal nnent ofe 1 he fi nal
tenper at ure oka2706nt hemk) @t bchawe #5 L8t PABwN [ PP TR 655 tv°anbi ent

pressure (1 har), angd then:emptisdedsusdrand Borm cthe wel ahbue, visgosity
of the product I's designated RV (precondensat oduct obt ained is

Th s
then t@fAper egynibesi48 THOUIY S nt% BPF 3T ?”ﬁ?%réﬁerﬁgg 160C.2 The" 9%"

viscosity of jthe fiempeief pf&duct houtlestgaat etheRV exttenyerg . Exmmlee 6.1
20 The autocl ave cont ains a bed mxture st of - a{ Iyst
granul es andW846*ga6f - Rashi §OFPRGS > di rrenfspeef Aagr}gv ;{gﬁpg §

an ACN: wat er thsyBiresi-slasotilres aviasgsa irol earardsd n@~¢ atimi bar 4b‘»a1¢e

without catalyst.

g of

15
Example Acid [% by Metal oxide Rel.
weight] viscosity
C 3.1 - - 1.00
3.2 0.02% H.PO. - 1.08
3.1 - TiO. 1.84
3.2 0.05% E.PO. TiO. 1.80
Example 4.1
2 synthesis mixture (180 g) having an ACN:water mixing
20 ratio of ACN:E,0 = 1:4 is heated in the reactor to 270°C
over 75 minutes while the pressure is controlled to
18 par using a pressure relief wvalve. The catalyst
granules (400 g) cover the synthesis mixture completely.
After a reaction time of 45 minutes at 18 bar, the
25 autoclave is let down over 10 minutes to ambient

pressure (1 bar) and then emptied in strand form. The
relative viscosity of the product is designated RV
(precondensate). The product is then tempered for
48 hours in a stream of nitrogen at 160°C. The viscosity

30 of the tempered product is designated RV {temper) .



heated to 270C over 1 hour while the pressure is 25 controlled to lbg% 7002
using a pressure relief valve. On attainmgpt_of the final tenperature of
270C the autoclave is let down over 10 minutes to anbient pressure (1
bar) and then enptied in strand form The relative viscosity of the
product is designated RV 30 (precondensate). The product obtained is then
heated W th wadaap1e36.a of water per 100 g of reaction product) in the

aut ocl ave without catalyst to 260C and postcondensed for 3 hours in a
stream of nitrogen at anbient pressure. The viscosity ,of the

post condenseda 35 piioshicd fn&xd@?égn@lﬁdt_ﬂ\/ Ypostgondensat e)at ek’ MAY:i2H02 -
34 For conparison ratjpve mles C.4.1,. 1 and C 6,
above-degcrl b&d Po%’ggg\gg é 5?;%an'(f P TR at?ﬁ et DUt Wi f%oﬁﬁ&e
catal yst. Si noeeb:he75em¢hhoasofwhhbe syim hesiesauna urie | nohheoabsénceo of

the catal yst di d,_ggt gs%gduge grggghge ggpggbl e Qﬁ?guct&vgmfa 2lvst

post condensat I” &n i Ag Was carri ed out
Exanpl eoxi de. epﬁe@éﬁéed 4(0@05.1 C(qVEﬁ?-T)et'r”)e ssitejeemide Mt ey r € qonplepply .

4.1T1 0_1.59-2029 £ Badnde0- o 5. 1O Eifid12. dinfefadade 00z 678%00 eife 49-

17 MAY 2002 -35
autoclave is 1let down over 10 minutes to ambient

pressure (1 bar) and then emptied in strand form. The
relative viscosity of the product 1is designated RV
(precondensate). The product obtained 1s then tempered

for 48 hours 3in a stream of nitrogen at 160°C. The

15 viscosity of the tempered product 1s designated RV
(temper) .
Example 6.1

20 The autoclave ccntains a bed mixture consisting of 100 g
of catalyst granules and 340 g of Raschig rings
(diameter and length: 6 mm). 250 g of =an ACN:water
synthesis mixture having a molar mixing ratio of 1:4 are
heated to 270°C over 1 hour while the pressure is

25 controlled to 18 bar using a pressure relief wvalve. On

attainment of the final temperature of 270°C the
autoclave is 1let down over 10 minutes to ambient
pressure (1 bar) and then emptied in strand form. The
relative viscosity of the product is designated RV
30 (precondensate). The product obtained 1s then heated
with water (30 g of water per 100 g of reaction product)
in the autoclave without <catalyst to 260°C and
postcondensed for 3 hours in a stream of nitrogen at
ambient pressure. The viscosity .of the postcondensed

35 product is designated RV (postcondensate).
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W claim 5 1. A batch process for producing a polyaTide by reac- tion of a

m xture conprising at |east one am:”~. 0o~ nigrdile, and optionally nononers
useful for poly am de production, with water, which conprises the 10
following steps: is 20 (1) reacting the mxture with water a% a tenpera-
ture from 90 FBT4GOTPEAdSENprESTMAE F10IR RSB x2166 Patd aith a
reaction mxture, (Zhef HbbheLgeeactiRad Piodeatls an 1M d.ureml a1 are
temperature from 150 to 400C and a pressure _which_is |ower .than t h%
pressure in sEE8prisd PHE MERHE Lt (-2 pr eS8UF® BBFng S86IFeCle®sd s to
obtain a firstygasephasgiandra Lhr she lieeanicd @rf aHd raitedoldtd Ghasetor a

m xture of first solid and first.liqguid phase, and the _first .phase is
separ at eg f r oftt PHECFi Ast>° 4 uicanjcﬁp?ﬂieefgrgﬁhggl’i &Oph%%se“coornq‘errgs%stt & 25
m xture of fiosttkipetridnandas(tarsiedobud.phase, and 30 35 (3) adm xing
the first liquid or the first solid phase or the mxture of first Iiquid

and first S =t gaSeotS—or— ot o phase—conpr r st ng_waten at
a tenperaturge fxamls50|to MSTAL and a prRe¥ssure fromR 1 to BO x RU' Pajto
uct m xtu

of & Bronsteli acid cat plysTooet ect el P OHF S ot a SEbT te cht AreRPEEET (™
sheet-silicate 17 MAY 2002 - 36- sate) condensate)

C 4.1 - 1.00 - -

4.1 TiQ. 1.59 - 2.29

c 5.1 - 1.00 - -

5.1 TiO 1.61 - 2.16

C 6.1 - 1.00 - -

6.1 T10 - 1.49 -




catalyst or a fixed bed catal yst consisting essentially of Ticnlzo%%¥is?%%
from70 to 100% by weight of anatase and fromO to 30% by wei ght of
rutile and in which up to 40% by 5 weight of the titanium di oxi de nay be
repl aced by.tungsten oxide, and steps (2) and (3) nmay be carried out in
the presence of this catalyst. 10 273X bat ch process for producing a

pol yam de by reac- tion of a m xture conprising at | east one a_rnino-

r itrile, and optionally nmononers useful for poly- am de production, with
wat er, which conprises the followi ng steps: 15 (1) reacting the m xture
with water aWeacfleipera- ture from90 to 400C and a pressure from0.1 6 to
35 x 10-.Pa to obtain a reaction mxture, 20 (2) further reacting the
reaction mxture at a tenperature from 150 to 400C and a pressure which
is |ower thah.the?presaily erocstepior rrivdducéngeratReleyamitieregsieechei ng
selected so as tqo;ahtain g fhf81.08S Rhaseand adifeks25 ddd-Uhidoor a
first solid phase or a mxture of 30 35 . first Solid and first [i1quid phase,
and the first ga§iphase i PREpIPILEPHLYMRAIPTETSt USPEYdi FUT PREYTI r st
solid phase or fremithe proghdl LoRf Wirkst waest d andchi redmsold&k phase,

and (3) .adm xi ng Lh? first liquid or the first solid phase or the mxture
of firdl liquid an@ fPWsPS $55PF ‘phase with a gaseous or |iquid phase
conprising water at a tenperature from 150 to 370C and a pressure fromO.1
to 30 x 10" Pa to

cmpera-

-

rom 0.1

(1) reacting the mixture with water at a t
ture from 90 to 400°C and a pressure £

to 35 x 10° Pa to obtain a reaction mixture,

[
Ut

(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 pressure being selected so

20 as to obtain a first gas phase and a first

licuid or a first solid phase or a mixture of

',1
q

solid and first liguid phase, and the

ct

+h
- -

I_l

H
|2 n un

t

gas phase 1s separated from the £first

H  Fh
'J

(=
jo))

or the first solid phase or £from the

first liquid and first solid phase,

[\
wn
2]
l_l
b
ct
o4
K
()]
(@]
th

and

(3) admixing the first ligquid or the £first solid

phase or the mixture of first liquid and first

30 solid phase with a gaseous or 1liguid phase
comprising water at a temperature from 150 to

370°C and a pressure from 0.1 to 30 X 10° Pa to

obtain a product mixture,

35 wherein step (1) 1is carried out in the
presence of a Bronsted acid catalyst selected

from a betz-zeolite catalyst, a sheet-silicate

LY



obtain a product m xture, 17 MAY 2002 -37 (4) postcondensing thel%r%ﬁﬁc%ooz
mxture at a tem perature from 200 to 350C and a pressure which is | ower
than the pressure of step 3, 5 the tegperature and pressure being sel ected
so 10 15 as to obtain a second, water-_and ammuoni a- corrprl sing . gas phase
and a second |iquid orcatesloiid 961 i@ FHESE oPed A3AAME of COBESREINBI qui d

and second solid phaseesélg}&@rhmpho ceg@rlﬁnﬁﬁy_esnp@ yarafley o whgr eippgst ep
(1) is carried out in the preséence of a Brons acid catal yst se| ected

froma beta-zeolite cdal YEghi sheettr§l3Séat éngca‘t-aﬁ"ﬂ‘/sto or°a ¥ %ked¥bed

catal yst consisting easeMd abky @Bfc i aﬁﬁrfpﬁ swngchram 700t o1 (D0By by

wei ght of anatase and fromO tp 0% by mg é ile and_in.which up to
40% by > wei ght of the “{§%%H d‘f oXi tet ey be T%’ﬁf ?:elaa‘éobﬁy Fanﬁs?‘én

oxi de, and steps (2) and {3pgseyn be:*c:arrlaenli os:teum ke presente méythis

catalyst. 3. A pr ocess as C|§.| rregl |nucl ai;m 1.9r, 2 e, in 2R, $tep 3,
the gaseous or liquid™ ase” ctonprisrng water 1S acPd'e I'n an anmournt Trom 50
to 1500 M of water pertalldar.of first liquid or first solid phase
mxture of first liquid and first solid phase. 30 4. A batch process for
producing a polyam de by reac- tion of a mxture corrprl sing at | east one
am nolOnitrile, &ndadpil oPaPF§s FDABREPS CREERE RPorPPOIaicai B BEdBUCt i on,

with water, whichicenpsfses hhecufol kewprd sihgpsat 3%east one amino-
nitrile, and optionally monomers useful for poly-
amide produc:tion, with water, which comprises the

following steps:

(1) reacting the mixture with water at a tempera-
ture from 80 to 400°C and a pressure from (.1

to 35 X 10° Pa to obtain a reaction mixture

ther 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 pressure being selec:ted so

as to obtain a first cas phase and a ZIirst

25 liquid or a first solid phase or a mixture of
first so0lid and first liquid phase, and the

first gas phase 1s separated from the ZIirst

ligquid or the £first solid phase or from the

mixture of first ligquid and first solid phaease,

30 and

(3) admixing the first liquid or the first solid
phase or the mixture of first ligquid and Zfirst
solid phase with & gaseous or liguid phase

35 comprising water at a temperature from 150 to
370°C and a pressure from 0.1 to 30 x 10° Pa to

obtain a product mixture,



17 MAY 2002 -38- (1) reacting the mxture with water at a terrpera t!&%’é (r)%?n

90 to 400C and a pressure from0.1 to 35 x 10E Pa to obtain a reaction

m xture, 5 (2) further reacting the r@action mxture at a 10 tenperature
from 150 to 400C and a pressure which is |lower than the pressure in step
1, the tenperature and pressure being selected so as to obtain a first
gas phase and a figst Iidsn&dhdﬁnﬁ*ﬁc_i;rshesq:i:icdix.}:masmiﬁtuaen‘iad uzetemm- first
solid and first liquid phase, and.t fainr St .ga S ep dfrom
the first 1liquid or ttPD'f“i“r%? ok p%gge of f?gﬁf? g, Sature of fIrst
liquid and first solidwhase, 145 landke20tR8n3@M85 ¥B3s p@SEC@rIdeme*mgH he
first quid or the first fi.rs isquid and
first slcril i d phase at at neenpte%et ure r%m%%@gf%&éggcﬁ ég S5 rtgglscurgels§hl ch
is lower than the pressur eoofolst@pHBBtﬁéCPéﬁper\aQWE- n?dm pESgsSnia-bei ng

sel ected so as to obt ald”b.,ao fs&_-. agat&{as@ngnan@nggcgquris@pgd gas
phase and a second I|qU| secong solid phase or a mxture of second

liquid and second sol ﬁP?ﬂfé@seS%‘ﬂchDéééﬁ CORprd s@PHE IR PRI afegend

wherein step (1) is cannicddutardd theond esendd obnhashronstednacedcn
cat aI yst selected from aﬁbveta zeol i t caﬂ; acJ\é'St a sheet-silicate catalyst
or a fitfed bed catal ysttEEmsi®h iy PO-Y&

wherein step (1) 1s carried out in the
presence of a Bronsted acid catalyst selected
from a beta-zeolite catalyst, a sheet-silicate

catalyst or a fixed bed catalyst consisting

[
w

essentially of TiO, comprising from 70 to 100%
by weight of anatase and from 0 to 30% by
weight of rutile and in which up to 40% by
weight of the titanium dioxide may be replaced
20 by tungsten oxide, and steps (2) and (3) may

be carried out in the presence of this

catalyst.

3. A process as claimed in claim 1 or 2, wherein, in

25 step 3, the gaseous or liguid phase comprising
water is added in an amount from 50 to 1500 ml of

water per 1 kg of first liguid or first solid phese

or mixture of first ligquid and first solid phase.

30 4. A batch process for producing a polyamide by reac-
tion of a mixture comprising at least ocne amino-
nitrile, and optionally monomers useful for poly-
amide production, with water, which comprises the
following steps:

35



essentially of TiQ conprising from70 to 100% by wei ght of anatlgsgAgnaooz
fromO to 30% by weight of rutile and in which up to 40% by weight of the
titani um di oxi de may be replaced 17 MA¥-2002 -39- by tungsten oxide, and
step (2) may be carried out in the presence of this catalyst. 5. A process
as clained in any ofl)cl &iSEFEnD Wre BIRABFE W The "Edifferdt ut e “aRBSHressur e
in step 1 or in step 3 audd) Dadrh stepol 4andcsted 32 Presaleset £donsS0.8S tO
obtain a liquid or a solid ghasq Qr_a m'x%yrg of li quj_dognd.sgle,d phase
and a gaseous phase, af® tte gadeol? pRaRB-F&"sBphaTared’of F1 7168 A
process as clainmed in any of clains 1 to 5 wherein in step 3, the gaseous
or liquid phase conprising.water is. added._j ! fr.qm a0 tq. 1500 m
of vvatergper 1 kg é%)fi f'slt‘%qequi degftf“lg%sttjig %%m‘gﬂgsé{%{g%%xt gr‘e of
first liquid and first teoibedeashese. £7omAlpPocess4a8 €l anrfed | Rrany of
claims 1 to 6. whereinjiescalal yal,eks falbvede! rimddie-syahhasa 20

m xture after step 2. 8. process as clainmed in any of clains 1 to 7,
wherein at |east one of thife LPAPPIFISESE FHIRIMNRFTUT € tPRITPLsPREEFVES s3@ps i s
recycled into at |east @Re d5-0fzkhe Precedingyst epsast AQr QCess-4s
claimed in any of clainms 1 tg 8 wherein the amponitrile used is an

o-ami nodPkyl nitrile havichgCaRTalkyfehet nBPety PRERE. PIofe fRFoMm#FSPio 12
carbon atonms or an am ngaklyl asylidi ard efibayi N9 duidm Bhé o= 13 ze@d bexe

atons. 10. A process as_clainmed in any of.clains 1 tao 9. whetr ein.the
fol | OW ng m Xt ur e | s USé&:535 gas pna e 18 Seyara;ed f...om he Tilrsct

liquid or the first solid phase or from the

mixture of first liquid and first solid phase,
15 and
(3) postcondensing the first liguid or the first

solid phase or the mixture of first liguid and

first solid phase at a temperature Ifrom 200 to
20 350°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 second solid
25 phase or a mixture of second liquid and second
sclid phase, which each comprise the poly-

amide,
wherein step (1) 1s ~carried out in che
30 presence of a Bronsted acid catalyst selected

from & beta-zeolite catalyst, a sheet-silicate
catalyst or a Iixed bed catalyst consisting
essentially of TiO, comprising from 70 to 100%
by weight of anatase and from 0 to 30% by
35 weight of rutile and in which up to 40% by

weight of the titanium dioxide may be replaced



from50 to 99.99% by wei ght of 6-am nocapro- nitrile, 17 NMAY 200275M28 2802
20 -40- fromO0.01 to 50% by wei ght of at |east one di carboxylic acid
selected fromthe group consisting of9-aliphatic C4-C 0-a, 00-

di carboxylic acids, aromatic C5-C_2-di - carboxylic acids and

C5- C8- cycl oal xanedi - cly boxpstencPdsdef r G0 STEFB0%) b?‘%l%tcﬂ“&ﬁ?
a,0)-diamine having 4500 £arbon paLoBRcs! beMAiL0cEby el ght of an a
WC,-C -di- nitrile, and from0 to 50% by wei ght of an a, (0-C5-C.,-amno
acid or of the cor- responding lactam fromO to 10% by wei ght of at | east
one in- organic agi &Yo@l t ast he1£ohedt hign i laehiyvi dfialc meirght 1petsent,ages
adding up to 100% 25, 11. A process as cl aj n _any of clains 1 1.0 10,
wher ei P a chai n 'SR #ni AgSort %¥9ﬁnﬁﬁ¥1ﬁaﬁgﬁeﬁbegﬁh cohbt R&Ti on Fher eof
is carried out folhowtey 3sbepsn(bpthostdp dr ) step 3 are selected

so as to obtain a liguid or a solid phase or a
mixture of liquid and solid phase and a gaseous

phase, and the gaseous phase 1s separated ofzi.

10

6. A process as claimed in any of claims 1 to 5,
wherein in step 3, the gaseous or liguid phase
comprising water is added in an amount from 50 to
1500 ml of water per 1 kg of first ligquid or Iirst

15 so0lid phase or mixture of first liquid and Zfirst
solid phase.

7. A process as claimed in any of claims 1 to 6,
wherein the catalys: is removed from the synthesis

20 mixture after step 2.

8. A process as claimed in any of claims 1 to 7,
whereir at least one of the gas phases cbtained in
the respective steps 1is recycled into at least one

25 of the preceding steps.

9. 2 process as claimed in any of claims 1 to B8,
wherein the aminonitrile used is an w-aminoalkyl
nitrile having an alkylene moiety (-CH,-) of from ¢4

30 to 12 carbon atoms or an aminoalkylaryl nitrile
having from 8 to 13 carbon atoms.

10. A process as claimed in any of claims 1 to 9,
wherein the following mixture is used:

35

from 50 to 99.99% by weight of €-aminocapro-
nitrile,



10

ro
um
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-40 -
from 0.01 to 50% by weight of at least one di-
carboxylic acid
selected from the
group consisting of
aliphatic C,-C, -0, ©-
dicarboxylic acids,
' aromatic C,-C,,-di-
carboxylic acids an
C,-C,-cycloalkanedi-

carboxvlic acids,

Hh

rom 0O to 50% by weight of an o, w-diamine
having 4-10 carbon
atoms,

from O to 50% by weight of an o,w-C-C,-di-
nitrile, and

from 0 to 50% by weight of an o,w-C,-C.,-amino

acid or of the cor-

responding lactam,

Ih

'_I
o
oP

rom 0 to by weight of at least one in-

organic acid or salt

thereof,

i

the individual weight percentages adding up to

A process as claimed in any of claims 1 to 10,
wherein a chain lengthening or a chain branching oxr
a combination thereof 1is carried out following

steps (1) to (3) or (4).



