; H JKe3e\ Tnd6T\ I | ~ mm | G NALLY FILED 19 JIIL 1~ i~ww~~w s
Cont i nuous processcﬁmmm ﬁRpol yam des fromam nonitriles Thelsm%%
invention relates to a cgpfd,huous process for producing pol yan des

amnonitriles and water at el evated tenpegrature and el evated pressure. US

4,629, 776 describes a catal ytic process for producing polyam des from

w- ami nonitriléi_@wm’_ﬁf&gapronitrile (ACN). ACN is reacted with
water in the presence of a catalytic anmount of an oxidized sul

as catalyst. 1 s Sulfuric acid is an exanple of the catalyst u mmmﬂnmm\mm
4968, 736 describes a simlar catalytic process for producing po yam“ql6§§.
The catal yst used in this case is an oxygen-contai ni ng phosphorus conpound,
phosphoric acid or a phosphoric acid. 30 Conplete renmoval of catalyst is
virh.~ally inpossible in either process. The presence of catalyst in the
pol ymer can hinder the building of high nolecular weight polyners and
conprom se | ater processing operations, for exanple spinning. Mreover, the
| evel of Vol atiles in Chatimiouseprocdssfonguradudingtpolyamides t he pol yani des
are difficult ?s to process. EP-A.0 479 306 ,deslcri bes the produc}i on of

pol yami des fromwamnonitriles. fMARMOBHIes | es are react ed with water
in the presence of an oxygen-contai ni ng ~ t, 2 phosphorus conpound as

cat al yst. Once—a—+eact-on—terperatue—irom-200—to6—260C-has—been—obtai-ned,
ammoni a and water are continuously renoved by deconpressing and at the sanme
time water is continuously added, the pressure being selected wthin the
range from1l : : = = As 8 : 0 a
rocess for  pridien e oS gyoRainbes ot ol SR BRI 2 er
in the |igui camhaseilessndgvhiatae elogratempematrabnyddlovate8prdsalrke het er ogeneous
catal ysts include acidic, basic or anphoteric oxides of the el enents of

mai n groups 2, 3 and 4 of the Periodic Table. Titanium di oxi de can be 10
used, for exanple. The catalyst is used in the formof extrudates, for

exanpl e. A copdi pysyIS,d ec%%&‘ﬁ%@ Eeé’dt'él{r}?,s ér&?e@é‘%}’ rB&t?c%V%togﬂn{lhééi g thin

the tubul ar react’ors used, to even 0 oncentration arfd nper at ure

gradi ents. | nwadidhdniteites sacty aawtainbaapeonikile gAENO.UAGNKe raesteliowittasiaeodsi bl e.
Only effective suppressjon of axial 15 backm xing, or axial dispersion,
makes it posstﬁ%lpéé)s BreaRthp SAERIAICHRENT | Yuith PG ZeE PG ROgRRIM Nt B2t har r ow

resi dencest i ng®y &S bk st Rbrandetdifedseaqual residence time for all

vol une elenents In the tubular reactor.

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

acid or a phosphonic acid.

20
Complete removal of catalyst is virtually impossible 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 the polymers obtained is high, so that the polyamides are difficult
25 to process.

EP-A-0 479 306 describes the production of polyamides from w-aminonitriles. The

w-aminonitriles are reacted with water in the presence of an oxygen-containing



It i,s an,object of the present invention to provide a continuous process

for 20 producing polyam des fromamnnonitriles using a tubul ar reactor 19 Jy 20
whi th substan tially prevents backm xi ng and provi des a narrow resi dence

time distribution. In addition, inproved peaction conditions, a |ower
tenperature and | ower pressure shall be obtainable. 2s W have found that

this object i Phawhrayeamposnt @5 Agalys. Onee p neaston smpsiatye dom LAUsuZHocess

2002 i th va 4 ORISR, iR hi e oy EREa 08y FRGRT oy detGphschne

reacting at | eadht BBSaBERR WAL is@oMiduBudp bededathe PrdsQFD BEIRL WElectbd @AthAO to
400C and a pressure from Pa in a flow tube containing

0.1to ~ x 106

packi ng el enerterange Fopldne ey 18cPal(ldavdayst sel ected from beta-zeolite,
sheet-silicate or titanium di oxide packing elenents and netallic packing 5
elenments to obtain a reaction mxture, (2) further reacting the reaction

m xture at from 150 to 400C and a pressure which is |ower than the pressure
in step |, theHaWpenat gig RMAtks p{o%%‘(o@es??fof‘%r@&lcﬁfgt %ﬂar&@ctﬁﬁx b9 RRuaN a
first gas phase and a first liquid or a first 1 o soli'd phase or a mxture
of first soli dmangarbonitriles ivgth svatehnas ehe diquidt please iuseg kpagroganaces tasalygpar at ed
fromthe first, liquid or first soljd phase.or the mixture of f.irst_Liquid
and first sol PALERpeeeds e Bt nflids Rl b 1 Babiriae enees P gk sol i o
phase or the BlexleHis®fdhaih ighips 2l AUind 420Tdhé PESSdiS Thilel TIBRRS Wioklieaag@REOUS
or liquid phase conprising water at a 15 tenperature from 150 to 370C and a
pressure 9 omuged]for exgoplg. Tieaardyst s ustst iaitke farmp odeiindates, fonaxemplehe present
invention further provides a continuous process for producing a pol yam de

by reacting at |east one amnonitrile with water, conprising the 20
following steps: ( 1) reacting at |least one amnonitrile with water at a

tenperature fnopykBfioho ré&@i@n%{é&uﬁespfm@éﬁ%eﬁﬂs@@sg-n;lﬂixin% Wwahlh HR6nfRREN a

fl ow tube containing packing el enents of a Bronsted acid catal yst selected
f rom bet a- zeoldatters &6d sthewtn sul gopeendration aid teniparatute graditmty iv kddigomlagyrent s

and metallic g\?iglkga@%nixing should be as low as possible. Only effective suppression of axial

15 backmixing, or axial dispersion, makes it possible to achieve a plug flow profile
which guarantees a narrow residence time distribution and a defined equal

residence time for all volume elements in the tubular reactor.

It is an object of the present invention to provide a continuous process for
20  producing polyamides from aminonitriles using a tubular reactor which substan-
tially prevents backmixing and provides a narrow residence time distribution. In
addition, improved reaction conditions, a lower tem.;)erature and lower pressure

shall be obtainable.

25  We have found that this object is achieved according to the invention by a
continuous process for producing a polyamide by reacting at least one aminonitrile

with water, comprising the following steps:



el enent,s',to obtain a reaction nmixture, (2) further reacting the reaction

m xture at from 150 to 400C and a pressure which is |lower than the PGSR s
in-step 1, the tenperature and pressure being selected so as to obtain a
first gas phase and a first liquid or a fdrst 30 solid phase or a m xture

of first solid fmd first liquid %)hase, .and t&e first ?as 19 %!!L (ﬁooz 4
phase is separ@i ed P3RSt deast PBE APRARIF G VI Waler &lod Feampsrairs Bpmy fkto

m xture of first | imb(?iagag%g}egs?ﬁe %%hl.e@.lp{&aﬁjex ﬂ)mi"]g(iﬁ) ﬁPI '%b@g:oﬁgﬁ?ﬂ{érrst

liquid or the first so se or t m xture of ‘firs quid an st
solid phase with amgasiagusernénts iofjui Brovsted eactd opriysi sifectat fomabeia-zolite,
tenperature from 150 to 370C and a pressure from0.1 to 30 x 106 Pa.in a

fl ow t ube cont ai ni rf§eqsAdiGargoRHERBIR S1Q¥de Perking: elementsi andcRe Il padkiiact ed
from bet a-zeol i te, e‘f’J?r? tts't%idﬂtaﬁﬁlta?%a‘afi ﬁh{ig@wm di oxi de packing el enments and
metal | i c packings to obtain a pro GeP  mxture. 10 The f oregoi ng processes
preferably further conprise the follow ng step: (4) postcondensing the
first liquid or the first solid phase or the m xture of first liquid and
first solid phase at a tenperature from 200 to 350C and a pressure which is
| oner than thdZpr eduiies regrtingdhe seaction mishrotalrem d Sariel 408°(paBd supresse ng
selected so as to t-aj d - an i [ Si phase
and a second |iqui 6&1 gsefégﬁeg(%ﬁs)o }ha"@’%gséree @r&ggging{%utr%%l%g s‘r%cagﬁgpr?lgcﬁﬁi d and

second sol i d phase beitlgi elecRdcdd BopbLIAR at Mgt gl phase alel a Z0st Thid bea gl
invention further provides a continuous process for produci ng a Ipol yam de
by reactin§ at |easelibpkasaer aotkturs plelisgt sqlidead dirst liguidmhass, agd dheelirsbgasowi ng

From o0 to 25 soocPiRs opiae, AR AERREThd orau ol M orihe RiAGHRE 0 ©

cont ai ni ng packi ng fiedtéiritt sndofirstesoBd phadepandrci d cat al yst sel ected from
beta-zeolite, sheet-silicate or titani um di oxi de packing el enents and

metal lic packifd admixing the first liquid or the first solid phase or the mixture of first liquid
and first solid phase with a gaseous or liquid phase comprising water at a
15 temperature from 150 to 370°C and a pressure from 0.1 to 30 x 10° Pa to

obtain a product mixture.

The present invention further provides a continuous process for producing a
polyamide by reacting at least one aminonitrile with water, comprising the

20 following steps:

(1)  reacting at least one aminonitrile with water at a temperature from 190 to
400°C and a pressure from 0.1 to 15 x 10° Pa in a flow tube containing
packing elements of a Bronsted acid catalyst selected from beta-zeolite,

25 sheet-silicate or titanium dioxide packing elements and metallic packing

elements to obtain a reaction mixture,

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

30 solid phase or a mixture of first solid and first liquid phase, and the first gas



el enent.sto obtain a reaction m xture, vy - o, .19 (1ul_ 2D02 s (2)

further reacting the reaction mxture at from 150 to 400C and a pressu gyl 200
whith is lower than the pressure in step 1, the tenperature and pressure

bei ng selected so as to obtain a first gas phase and a first liquid or a

first solid phase of a.m xture, of fir olid d first liquid phase,.  and
the first gag 5 phgé%sei%S%ﬁaé?dagBH’ I}}]leﬁtﬁﬂéldf‘?rﬁgﬁt 510:1 mﬁ’aseof?f *’F F’gf‘méeo‘?fi d

phase or the m xt ulgst Ghuld drsitfickt Quiddrandadd rst solid phase, and (4)
post condensi ng t he 1fi rgl{l quuild or g)he f’fuﬁst solid phase or the m xture of

first liquid d figst .soli ature f.rom 0C .and a
pressure whichis F%I\T/\l/é(rﬁ% ﬁg&irgﬂgcﬁ%c} gl;stshgrt%&i%ﬁﬁ@{)éaﬁeg,r {l}eﬁglxt%%%ﬁgﬁést%ﬁﬁ‘éldand 1o
pressure being sel ggd Gekt36liaphae Whh Al daséous @8 0iadid d;ym@_&ompﬂdngmia@a_

conpri sing gas phase and a second Ilﬁgw d or second solid phase qgr a m xture

of second §iquid atepeeiediren|lisd tpRAYW antha presaue fromobnprte S8 x HE Redhgani de.
|5 The inventors hgve found that the.use of .a conbination, of titani

di oxi de packi ng el ﬂ%’ntl“ge 8?1’3“&31%%‘:%% ?fﬂ?rﬁsgoé? Ebm%g "}C_F‘ld f?tgwttﬁfgeéég]_( al so
known as tubul ar rg3gf Bétalebl@ddshebQsificAI@oF FUNiES IdBHEE phdkiy Eleffehisiatii on of
the reaction mxture in the tube. In addition it is possible to | ower the

reaction tenper at umstallegpackings topbigra/podudignikties.r eact i on mi xture and the
reaction pressure in the flow tubes. The 20 process of the invention thus

| eads to an inprovenment in product honpbgeneity and product quality while at
the sane tinme reducing the energy input into the reaction m xture. The

princi pl ejpf TMf&%@?@?ro@éss&@&eféMﬁ?ﬁrﬁﬁr tém Ghé REQwWifL fEp.or DE-A-197 09
25 390, unpublished at the priority date of the present invention. An
amnonitrile is reacted with water in the flow tube in a first step,
subjected to a partial hydrolytic polynerization and further processed in

R TR CCT o EEEEES R R eE EE
and (3). liquid and first solid phase at a temperature from 200 to 350°C and a
pressure which is lower than the pressure in step 3, the temperature and
15 pressure being selected so as to obtain a second, water- and ammonia-
comprising gas phase and a second liquid or second solid phase or a
mixture of second liquid and second solid phase, which each comprise the

polyamide.

20 The present invention further provides a continuous process for producing a
polyamide by reacting at least one aminonitrile with water, comprising the

following steps: "

(1)  reacting at least one aminonitrile with water at a temperature from 90 to

25 300°C and a pressure from 0.1 to 15 x 10° Pa in a flow tube containing
packing elements of a Bronsted acid catalyst selected from beta-zeolite,
sheet-silicate or titanium dioxide packing elements and metallic packing

elements to obtain a reaction mixture,



v 4.3 .6,19 J UL 2002 The aminonitrile in the mxture can be in principle
any amnonitrile, i.e., any conpound having both at |east one am no 1& é'lllpm?
and at | east one nitrite group. wWAmi nonitriles are preferred, especially
o~-am noal kyl nitrites having fi om4 to sl2 5 carbon atons, nore preferably
4 to 9 carbon ator‘rgi in the allrylepne mpiety, or an am noo%tkyciaryl nitrite
havi ng from 8(do 187HSF KARURE HiFslcapiur BRXtwE adfarn P& 4PY1C #14 # PFE&UBei ng
am noal kyl aryl nitghtes: whi v, eV r car bon
at om bet ween t he a%@tﬁsz}@{dg?{ﬂgr{ge ?’Eeesglgjéﬁilhg% ng tﬁ?ﬁ;xﬁ%eer@%ug%ggﬂagggggi ally
preferred am noal kigéiag ¥tletred isb ta€so abit bdss pabiphhschaiden fike liquidner ghgyp and
nitrite to group in the 1,4 position relative to each other. The

w ani noal kyt ni t ri sddidphage pxa pixns efifirgt salif apd drst Hquidphawarnd/thedirstgas e in

w uch the atkyl ene ' - . [l t.o. rbon
Atoms, more pref or By 1 bR on UERRL AR oF 2P SpEILOB e 6F

6- am no- 1- cyanopenfigdftqdi@ and firasbhdphgaecmdt ri l e), 7-am no- 1- cyanohexane,

8- am no- 1- cyanohept ane, 9-am no- lcyanooct ane, 10-am no-1-cyanononane,

particularly @? ef eﬁ%«:@cjbo‘hdéis?ﬁﬂ ﬂB@?@R{l@E&% efsﬂ' the fir® s488 }Is}l%@ef m@ing_s&dr@ of first

customarily obtaine y hydrogenat adiponitrile according to known
met hods, descri bedliqud aadafiyst solid pBEseAat88 BerAfd atuBETAN2 Q0848 ,3392C camd US

5,151,543, O course, it is.also possible to use mxtures of a plurality of
aminonitriles or nPrffﬁh‘Fee&ll"b?h éﬁoyﬁi i {OF IPFSSHE LA Sfelﬁ’rf’h F tE’BPﬁfﬁ‘E‘ﬁ“e ! such

as caprol gctam or I%x@fsuﬂ?b&ngs%Eecﬂ@d o”iaéﬂtd”o% air’ 3 deborfd, R@Jt%}j- G dmapRedi ment,
0 r e

especially if copol yam des ranc or chail nl engt hened pol yam des are to
be prepared, the falnhmisingg gas phareeands ausseond higtidadr efcopdrselid phase or a

6- am nocapronitrile; ~lj~ ~~ 7 from50 t 9,99, preferably fromB80 to
50-"54 by wei ght | orE eI FRLSetoRS itlg! BEsHGVRET ROt 8 r om 1
to 30, %by wei ghtydariide! €ast one dicarboxylic acid selected fromthe
group consi sting of aliphatic C4-Coo-a, co-di carboxylic acids, aronmatic

C8- C, 2-di carboxylic acids and CS-C8-cycl oal kanedi carboxylic acids, 5 fromO
to 50, preferably from0.1 to 30, % by wei ght of an a, cu-di am ne havi ng

from4 to 10 gar.bon atons, .fr Q0.to 50, preferably. framO0..ta,30, % by
wel ght of San TheReatess B3vesfaund et e A at ¢ FipGeten G arcipRer Bk 0 1o
30, % by wei (dmétis aRd an&aleSpdekAre@BleMen@ChndQ) t@best BEsoCRAVES RO NEH L
lactam 1 o fromO to 10% by wei ght of at |east one Inorganic acid or salt
t her eof , reactors) leads to a narrow residence time distribution of the reaction mixture in the
tube. In addition it is possible to lower the reaction temperature required for
converting the reaction mixture and the reaction pressure in the flow tubes. The
20  process of the invention thus leads to an improvement in product homogeneity and
product quality while at the same time reducing the energy input into the reaction

mixture,
i

The principle of the process of the invention is described in prior DE-A-197 09

25 390, unpublished at the priority date of the present invention.

An aminonitrile is reacted with water in the flow tube in a first step, subjected to a
partial hydrolytic polymerization and further processed in subsequent reaction
steps. The overall process comprises 3 or 4 steps. The flow tubes equipped

30  according to the invention can be used in steps (1) and (3).



the indivi-dual weight percentages adding up to 100% Suitable dicarboxylic
acids include aliphatic C4-C, o-a, co-dicarboxylic acids such as succi iUl 2002
acird, glutaric acid, adipic acid, pinelic acid, suberic acid, azelaic acid,
15 sebacic acid, preferably adipic acid anhd sebacic acid. particularly
preferably adipic acid, and aromatic Cg- C~2-di carboxylic acids such as
terephthalic acid and al so CS-C8 cycl oal kanedi carboxylic acids such as

cycl o- hexanedi carboxylic acid. Suitable a,c~-diamnes having from4 to 10
carbon atons [helagdeonitsie amshaynishee 2an dicaini penciple ranyn@mip dil-&miahE,

h t hyl i.am ne, hept h i.am t hyl j.am

nonamet hyl encal i d ar e UL ew CER el hd BiouB R o Lob A o, w-
hexa- met hy| engeligdHithifes dré préferrad, teb&rciaﬂlg%iami@aml %ﬁﬁlesa{apﬁlfgoﬁroﬁmm 12

af orenenti oned di carboxylic acids ‘and 25 di am nés, especially the salt of

adi pi ¢ acid acatbdreatams} mpteeprefbrably Actp Inbarbon ewnisniowvihe adkybBiesabiety, or a9 J U t
?00? s The a,c~-CZ-C ~2-di.nitrile.used is_ preferably an aljphatic dinitrile
such as 1, 4di W@H%Bﬁf’ﬁ’iém@gdf‘%’% fremy g}? ?ic %Bp&;};g%rgéq%?ré#egmmoaﬁylmy I

1, 6- di cyanohey; o t-A8Ewhith 850

1, 9-di cyanono%rillgrggsz b%i@d’%@%ﬁ?ﬂé@ane, B%?S}agt%%%%g Zg?ﬁpa%ﬁ? least one

adi poni tril e. cdsbdrf atdmshetveebn the arcadilc amitpeosisthd bmirtocandsretrié graupeBspedialiy tri | es

and aminonitriles derived from.branched al kyl ene or. _aryl ene or al kylaryl ene
comounds. | THICTED o Ia HEIG R e s haw e AR g P L o,

6- am nohexanogeud i BE 1 4 podinibRtdlARRRS 8tBiotheaCi d, 8- am nooct anoi ¢ aci d,
9- am nononanol ¢ aci d, 1(?5D am nodecanoi ¢ acid, 11-am noundecanoic acid or

12- am nododecanoi ¢ acid, preferably 6-am nohexanoic acid. The
amnonitrile/water m xture is heated with the aid of a heat exchanger

before 15 being introdyced, into the first step. The apinonitrile and the
wat er can al sghedé’aﬁﬁ%&aﬁﬁ’?%ﬁlﬁrué?%ﬁsfr%flﬁrﬁg%%(]% %‘Wamy?W@t%W%@ theans of
m Xi ng el eme Th It ' j ign, S i nt flow
reactor cont géll |]%rbe ﬁofetagﬁi(u%g? @(‘%ﬁd‘égfga%%tﬁg e g’mgn Osﬁg%(iﬁbr?ét%tﬁn?’c%ﬁgecki ng
el enents. Theprpiedbiyngromh eqrettt $ ehrban Batons) edclacdsd 6aatind-y &yaropksated6f r om

bet a-zeolite, sheet2o0.silicate or ti t%ni um dj oxj de packi ng el Sments are
pref er abl i exdRGaPELFe).drangpe | -cyanohexane, §-amino-1-Cyanoheptane, 3-amino-1-

cyanooctane, 10-amino-1-cyanononane, particularly preferably 6-aminocapronitrile.

6-Aminocapronitrile is customarily obtained by hydrogenation of adiponitrile
according to known methods, described for example in DE-A 836,938, DE-A
20 848,654 or US 5,151,543.

Of course, it is also possible to use mixtures of a plurality of aminonitriles or mixtures
of an aminonitrile with further comonomers, such as caprolactam or the below-

defined mixture.
25

In a particular embodiment, especially if copolyamides or branched or chain-
lengthened polyamides are to be prepared, the following mixture is used instead of

pure 6-aminocapronitrile:



Particul ar preference is given to pellets having an average |length from5
to 20 mm and an average dianeter from3 to 6 mm More particularly, “gJUlMZ
titani um di oxi de pellets having an average | ength of about 10 mm and a
dianeter of 4 nmare preferred. The titami um di oxi de preferably conprises
from70 to 100% by wei ght 25 of anatase and fromO to 30% by wej ght of
rutile. Wien ‘Pﬁ“ﬁﬁrﬁ‘i’ 99-89,é§efaﬁaélymt8®*9 & “a Py weighedfiG-amingcagtionitrile,
conpletely pure, preference is given to using a titanium di oxi de packing

el enent conpofed WF] wnH, pseferabliyeirom riptar 30, i% by awedghp o€ stleastiome tdaearboxylic

amnonitrile, preference is given to ysing a titani um diQxi de packinpg

el ement whi chPhEpeGedeBOm, an‘?‘?}lpt‘i?n@é%&)f’tg élmﬁ%g‘i‘gn@af“?'g‘ﬁ?%@xﬁt‘i ??Gfg% by 30
wei ght of rut}j : pAl i C : /8 %: i:ght;;0f anat ase
and about 9&%@36%% gle ‘3@%%18%8&5. gﬁ%sy Gt %Ecgalll{agﬁ%%cy{?g?g%lggt preferably
has a pore volu of fro l1.to 5 m artjcularly preferably fromO0. 2
to 0.5 m Ag. é@mn%aeéparaé@ﬁgﬂyeﬁa?%wé@ v by Weelt el L g e PRUDE HRER. £ 7 o
0.005 to 0.1 ymioRafdohG !y preferably within the range from0.01 to 0.06
~tm If highly viscous products are used, the average pore 5 di aneter
shoul d be large. The cutti ar dgness | ref er abl eatey .than 20 N,
particularly ig‘?”épé‘i’ §%|p§ef;raglgz m gﬁ%J@ﬁ%¥SW%Q&%F%%Q%%é‘B?@PB{]&@Pé nor e
than 40 nZ/ g, particularly preferably nore than 100 ne/g. If the BET
surface area fren §tab0,grefertably flved 0 voB e by haightl ofm apptePniaatied gciiogbr to
ensure adequate catalyst activity. Particularly preferred catal ysts have
the fol | owi ndMpsBEPYIEE [agteos of anatase; 0.3 1 o nl'g pore vol une; 0.02
mm aver age pore dianmeter; 32 N cutting hardness; 116 nR/g BET surface area
or 84% byloweiftf 068 1Fndy aewight obableast ors igergawe agidif sattheed, ni / g pore vol une;
0.03 ~m average pore dianeter; 26 N cutting hardness; 46 n2/g BET surface
area. The catthd pdivsduabweigbt preepagechddingmpaoif@oci al powders as avail abl e
for exanple from Degussa, Finnti or Kemira. Wen tungsten oxide is used, up

to 15 40% by wei ght, preferably up to 30% by wei ght, particularly
preferably from1l ~ to 2~% by weight of the titaniumdioxide is replaced by

tungsten oxi de; : red~as, de ' ' ,
Knazi nger, V&ﬁtﬁgg?rg%c%gk%‘ﬁégﬁsc%Ph@gtaﬁeapgaggn%g%@%Lé(gt?i %%{/Hé) ggﬁl‘: h@éﬂ{:{g%i Bhei m
1997, pages 98&cinic 20id] tutard adill] ediprcdidigpigleBOanids sebietic pickf, eszalalcy adidyr med
fromcorrosion-resistant nmetals, especially corrosion-resistant steel. The
packi ng éf emseRasicragid. pasferahlyyadinic @aid) andebarid pgd. nRgularly prefsidblaadipic
particularly ef.er. : TRe~Re i ey j ter. from?2
Po 6 mm - espaniaiyt Sfain CSCRREbiA L B3, REFLEABKIANE SIITLT chosen
so that, on thdodkmetiaatoxytecheinisod asrcgooshekamplicarhexybielatidt s by neans of
filters and sieves presents no problens and, on the other, the pressure
bui |l dup due to the flow resistance caused by the increased soli dbody
density in the reactor renmains technically nmanageabl e. The average bed
density in the; i : t : i ratio of
packi ng el engﬁ%tiﬂl%y’%g@léﬁﬁ%@egdﬁg% g%%g'? aﬁa‘%}{x rgge %(l:ét%ieuc?@ ftggér#l%gilgqe;eol ite,
sheet - si bo catinmiie, t peneufietdinl chedisimiiee, RRgkinadylehalieiihg haptamdtialéiediapaski ng
el enents. The flow tube nay contain n}xt Ir es .~ 9 .~u~ ~0'D-.
octamethylenediamine, nonamethylenediamine and  decamethylenediamine,

preferably hexa-methylenediamine.

It is further possible to use salts of the aforementioned dicarboxylic acids and
25  diamines, especially the salt of adipic acid and hexamethylenediamine, which is

known as 66 salt.



of the packing elenents of a Bronsted acid catal yst selected from 1
beta-zeolite, sheetsilicate or titanium di oxide packing el enents. 3 Jut 2007
Preferably, the packing elenents of a Bronsted acid catal yst selected from
bet a-zeolite, sheet-silicate or titanium gi oxi de packing el enents and the
metal lic packing elenments formalternating |ayers in the 5 flow tube. Tn
this arrangenet, ag-Cayar-disftrifadkidhds orelpmhlys anfaliphBicodit@le sutl asat.4t yst
sel ected from pet a-,zeol i sheet-skljicate or titani umdioxid cking

el enents is pré?yép%bd’l%sf’ef&?ﬁip(?%’a]einﬁ%ﬂgym%@%aln& R4 F’&ar’i’ebs”]g‘%%\a%'r of
metal | ic packineptafé e MBMiSyanbbctirk, al, $@ichAnbRAne, f1010-AByaAbIREMAT pfcHAULT
sequence of the two packi'ng el enents conmprising from3 to 20, preferably
from3 to 15, prefyrably adipobitnilsr esent. 10 A conpari son between a bed
conprising a layer of titaniumdioxide pellets followed by a |ayer of
Raschig rings to a bed conprising Raschig rings only is shown in the
drawing. 15 Figure 1 illustrates the residence tine in the formof a plot
of the concent i T inASd i Lol i ; rising
titani um di oxilggésggcfllltelts gg?lgpgs&]bklé gﬁun%g)%gﬁec?’ a Eeﬁyglgﬁn%%@g%&g% %gg'g ?gplri ngs
(solid circl edranchttealkdenedmrardend oralligisylendeomponondsor t he bed of the
invention is significantly narrower 20 than for the bed consisting
exclusively of Raschig rings. The reaction conditions for step 1 are

speci fied hereinb' bl ow. Corresponding reaction conditions apply to step 3,
which i s descri rel sl : | b OF) ] S

wel |l . 25 Accor ?ﬁ"g“’% ?H%hg\gﬁﬁ ‘?)sﬁgl thﬁgj%gsl %&Eﬁé%d&{cg%% éjaﬁrﬁ%dgﬁ?}%%og:es
heat i ng anoamagid)i7tdmineheptiddiovatidl Sdmidodearpey atid; &-dniiashcransit £4d,t po-about
400C, preferably from about 180 to about 310C, in particular from about 220
to about 270Camnpdegansics fcid, r dngminpupdesaneipoacidoon iHamedederangic 13 Pa,
preferably fr . .0 x 106 Pa, 1 especially fromabout 4
to about 3 X %ggégrg%%ﬁ“é}’%r‘%@gﬁ?%&gnd tenperature can be adjusted to each
other in this stage in such a way as to obtain a liquid or a solid phase
and a mxture of a liquid or a solid phase and a gaseous phase. The
reaction m xture shoul d preferably be present as a single |liquid phase;

that is, no gd¥eprarenisie/mater Frixgireischeind with thecaidiofauhest exghaggespbeforet he
pressure d i N . Vita | esj.r or the
react or tgyco% 1§g ﬁﬁtgédé{gg%gﬁ@ %‘r%lgﬂfélj%ﬁ? gfhpeh%g%gﬁ llgp%@tthgfvzatt%e%ﬁ fag? bét ep,
the gaseous phese&l separdtéigrundemiepdn ahe first stem Byhmehnsool shiyihpsemdiiseTaeabl y,

in the case of the two 0 phase procedureg, .the lEjzllroessure chosen is, greater
than the vapoSpHgsmiFtareots PYRREduin &P A1) iR BN FeaRioR CIRGIENG fitaium

reaction m xt ?ﬁt%hdee%&‘,gbg‘%&“m%tdhﬁeﬁm %éIQﬁé dEN@por pressure of ammoni a.

In the case o hase procedure I's advant ageous to operate the

par i a 1y paciBaPRielk T hisal e 9 hes S0 SPayec Rt BN BY ylhc ng

el enent's of 1BiljcatBlopfisdmeinadibdde pheliys tleehis cire Prefféralbly ketradaeobi péllets.
sheet-silicate or titanium di oxi de packing.elenents and netalli ca&acki ng

el enents. | n BaFdpepicéderaers iveaie peliaiehavipgtinaieragedenstly flemup e ghmm eact or

tai |1 f ' t al yst 2 -7 ite,
cheet - oi || cat S5pTcvPiabk SRR BEhF 20F ot MG SRESRE ST ARRN .
the reactor vpdllesehoong ahnivegage Nengithof pidaste]d snrprapfied diametee xafl 41%hv edry

packed 20 with netallic packing el enments such as ?aschia rings. According
to the i nvent P§frredaihe titaniym ipxide prefrsably comprigesdrom i dORYA bniveight e to
water within f ; - 3.0: iGul : I i.Lhin the
range froir?l 1 éﬂﬁag‘ia%?%?dvféé}? %éorl% ?%u‘%yagvlgi;hgrag g?gb%te%{“a%ﬁn‘?{ e %g\r?gs%a&]f rom
1:2 to 1: 6, awtichhare usseniall? pusatoercomplaslganse, pafeehconistdieeramd msmigky |
nitrite used, .is.

referred. .. . .
tltamug‘l %fIOXI e packing element composed of anatase. When impurities are
present in the aminonitrile, preference is given to using a titanium dioxide packing
element which comprises from 70 to 80% of anatase and from 20 to 30% by

30 weight of rutile, particularly preferably about 70% by weight of anatase and about



In this embodinent. the liquid or solid phase or the mxture of a liquid or
solid phase corresponds to the reaction m xture, while the gaseous pt]af\emli fﬂﬂl
separated off. In the context of this step, the gaseous phase can be

i medi ately separated fromthe liquid 30 %r solid phase or fromthe mxture

o o B R R AR R PRI 47,

aSes!: aseous |

too2 19 , 11 Vg7 @edichRrigrprbiecublyd fonl 04/ @aG8aHBe, The Wedrdgebsoreniurmeatmaised
that the pressure and tenperature can al so be adjusted rel ati ve to each
ot her in suchpefeally ithin theerangeaemdh00i totQak Bmi, partiedsdnprefesably ovitip tesol i d

or liquid phase. The 1.e of e, gas. hhase .can _be fect by the use
of stirred or radﬂ%%?i% §'(915t§g¥1 af‘f“ﬁéjIt F‘a%‘%s‘” CB“? Bmgugéf{ee'fsi%e’s&gra%gr)?"%/ﬂ%reuse of
evapor at or s apgaRted shotladr b Xas® | EhebYuttiBaRardéssCik IfrefeAbRT Yre@épRInAONS Of
thin-filin evaporators, such as by filmextruders, or by neans of annul ar

di sk react or s paripiletly prefaratdy 22 5% Theddkl prfaseareniserdferebly nmse thaofi0ae Yo of

th ti 1 xt t f be 10 t
ner cace the BAGYAfy Bl Mok e 00878, FERBEE a2 RRIEET e can
be furthered byluiBe st tbOppfopyiate B hhePtoOEnduRe rddeqlate icatabyst hRtilibgui d

phase. Preferably, the pressure is adjusted at a presel ected tenperature so
that the presBatieulady predérrast catalpsts havs the follaving propemips rl 0pbeek anatase;f 0.3

ia, but ter th t 5 i 1i bri / . f th
componant 201 R FoRLyl AR O 7 pim At norm gt B RIS Bt OIS
i s possibl e t BETavehcLsREe o Baby by BRighe BPYadtasef 1THNVagRN ikl 0SPaRE up

the hydrolysis of the acid am de groups. As regards the residenge tine of
the reaction Romtvplime: 0:Q3enm;average pejs, diametere 26 Mk cying bardeessir 4 m @risET

what soever; h er. 14 1i rall { Nl he r.an ro t 10
m nutes to abou a\éiareﬁ'oﬁ)es ?atg“?g? gfégbl%éﬁ g\é atr?\gﬂl %r{&ltnhncé)hf’ngeﬁ @ &S%Jﬁrsaggoﬁf%%e
m nutes to abfyitexBmpleUiém Déguélal Fimghorteniea. aWeemanpast bxidé ionsedMigtsoever

concerning the degree of conversion of 25 nitrite groups in step 1,
econoni ¢ Feas®iis baspeightapreferahly tatte 30%aly wWaght pavisrleily predirably tfram &3 & oups

in step 1 be gg | 1.4 N S. 9 ref b Ss

t han about 959%%1?0 5%8‘”%{%18 ‘gts%%gfagf%%w{adﬁ?%}etp rzage@%éé’ g?t F Igr%%g 'ojllj-%{e 8%&¥%§about

99 not % base¢hni Be eprepared@sg @bsctibed el Bal, oOKnéathgeoniWdiikh@pus®lhndbook of
heterogeneous catalysis", VCH Weinheim, 1997, pages 98ff.

20  The metallic packing elements are preferably formed from corrosion-resistant metals,
especially corrosion-resistant steel. The packing elements may have any suitable
geometry. Raschig rings are particularly preferred. The Raschig rings preferably have

a diameter from 2 to 6 mm, especially about 3 mm.

25  The pellet size is advantageously chosen so that, on the one hand, mechanical
removal of the pellets by means of filters and sieves presents no problems and, on the
other, the pressure buildup due to the flow resistance caused by the increased solid-
body density in the reactor remains technically manageable. The average bed density
in the flow tube reactor can be set by means of a suitable ratio of packing elements of

30 a Bronsted acid catalyst selected from beta-zeolite, sheet-silicate or titanium dioxide

packing elements to metallic packing elements. The flow tube may contain mixtures



v 1, .1-19.3 !J |~ ?00? 13 The nitrile group conversion is customarily
deternlned by nmeans of IR spectroscopy (CN stretching vibration at 234VJM.NM2
wavenunbers), NWR or HPLC, preferably by IR spectroscopy. 5 Nor does the
invention rule out conducting the reactidf in step 1 in the presence of

ohoaphor ous a8l e ZRHCRS REBAGS hars et ecit S nebeBomRt idsdaclre S
al kal i ne eart kie®é 8} tigiuhs dRdRfe RE lenfatst Prefadily, afie ga&&:%eleméﬁz RBP4,
Na2HP04, NaH-P03, Na2HP03, | ~aHZP02, K3PCa, KH-P04,” K2HPQGa, KHzP03, K?HPO03,

KH2P02, in whBoimsedseid taalg0 saiebtad from ibetaedeolite asticetentlidate bxetxtamumdmpider us

d ted 'th th 0. 01: f |y
W Uhin the  aRerrimproind e Belafitifarkt x?eemtsnémoﬂzewtma%%ﬁe{sﬁ “the

reaction ng xtgpg rmtgnﬂﬁ%laﬂ odritit fal 1 0B bR éeﬁﬁ%fm Br%esqéoeéha Barf P 2 at

a tenperature from about 1507{200) to abolt 0(350)C, 15 preferably at a
tenperat ure wsddcied frimm belmgeolftc,osheaﬂmhnate?,ﬁﬂ(ummn tdooxadeo packBBD EBORNE, is

especially with e. from,about 230 to about 290(270 and, a
pr gssur e \>//vh| cwefeéaqﬁbﬁ%li Eﬁ H f}?‘?ed‘b‘?’%%ﬁme‘?‘f%t‘%’i gkﬂ a1 ay%ép% é@%ﬁr@cmgt he
second step igeREsS ex q‘})hbéo ﬁ:‘é)sil@l@%r 3R olikerrting l‘ayéxo&qeémc'eod?eﬂle tt@@ﬁbarcﬁﬁ%ge

pressure in step 1, and ge e pressure w !l be wthint

from about 0. dlemmtatmmpns&lr@ frorh 360 R4, prpfembbrﬁxdnhﬁthS Witers 1o belpeesestnge fr om
about 0.5 to about 15 x 106 Pa, especially within the range fromi about
0.2 to abgut 6 x 106 Pa. In step 2, the tenperature and the pressure are
chosen so as to obtain a first gas phase and a first liquid or first solid

phase or a nuxtyr mt?éogfvfa\?éen'a' %H'c@xr@ﬁgiln%' allfer 8 n'faﬁﬁuﬂlhﬂﬁﬁflggel ArdiiBGed | T St

gas phase is separate romthe fi qui rst ase or from
t he m xture oby & layst of Rapshighy ranpd tb iartsd cmoipndnglhsc&ug fihgs dnly $¢ slgnmemuhe phase,
whi ch consists essentially of amonia and water vapor, is generally renoved
conti nuously B§VHans of a distillation apparatus, such as a 30
distillation colum. Any organic constituents of the distillate corempved
in the course ~ 9 ~a ~ 2002 14 of this distillation, predom nantly
unconverted amnonitrile, can be wholly or partly re-cycled into step 1
and/or step X iowhel lestraiesnie residancotintehia thedot ofa piottofirtlee concstitepiof T's not

bj ect t tions 5 wh . but,
o oy ahout GRS E e T mnids The iexbed sompEring iR Aioide el Tt , oo o
about 30 m NuiRss)hAd 8BEMEorRpdiedIbBRaschig rings (solid circles).

The residence time distribution for the bed of the invention is significantly narrower

20 than for the bed consisting exclusively of Raschig rings.

The reaction conditions for step 1 are specified hereinbelow. Corresponding reaction
conditions apply to step 3, which is described hereinbelow, if the bed of the invention

is used as well.
25

According to the invention, the first step (step 1) comprises heating an aminonitrile
with water at a temperature from about 90 to about 400°C, preferably from about 180
to about 310°C, in particular from about 220 to about 270°C, the pressure ranging
from about 0.1 to about 15 x 10° Pa, preferably from about 1 to about 10 x 10° Pa,



The product |ine between the first and second steps optionally contains

packi ng el ements, such as Raschi g rings or Sulzer mxing el enents, "‘hilthUL 2002
facilitate a 1o controlled expansion of the reaction mxture into the gas
phase. In step 3, the first liquid or theg,first solid phase or the mxture

of first liquid and first solid phase is adm xed with a gaseous or |iquid
phase conpri sespgcially &queabst dediaboyt prxefeSrPabTie pesare and watperatwapan beThi s

t akes place continuously. The amount . of ter added (as. |jquid)..i.s
preforably wi BBEFE] RebapthAer M@Wés%mSusggtWéﬁmbtaageglqmd, FiASpid Bhase
preferably w thi : : 0 E‘lﬁoﬁﬁ%i- each
case oa | kg g@?%ﬁﬁ%%{ﬁﬁ%ﬁ% g@ﬁ#é?&%ﬁ%@%@%&bgﬂgea e m%?’? ﬁre of
first liquid shold prefiratdpbe gredmae a sifiglesliquikd phdserthaifis, watgas phase should pe
conpensates the water |lqsses incurred in step 2 and furthers the hydrolysis
of acid ani dePEFQUPsthE AXHE synt hesis mixture. This results in a further
advantage of this invention, that the m xture of the starting 20 materials
as used in step 1 can be used with a small excess of water only. The
gaseous or liquid phase conprising water is preferably preheated in a heat
exchanger bef br eepg) the presture did ethperinge Shepls3 banret ih Bedh arvegdf dedifed] foe fir st
liquid or the first solid phase or the mxture of first_solid_and first

|i qui d phase. FAACIE ¢ cRaIR B gasepuHG i PRase A5 Rartiod thefirstitep derggs®bement s

whi ch further ] Xl : n. r t a
tenperature fPlE)grgn i%é%rggg%é}aanf%¥%¢3h$é§8nefgr.a§@t 1#’@69%‘31)8 a; if the
bed of the i npleRé pvedise,AhiepREdure dHoercio pebater Citd thdlpyt prgssue Glwipe watel can

be enpl oyed. 19 J UL 2002 is The pressure and tenperature_can be

adj usted to ediche Sulkdemperagine pf Be\IeaFtiom FIXTFRe DY le8Ban thesauilibrism wapsF esent
as a single | qgu ] € ] : e and
fomperature aterbls Hofflohs A8 tasq B AB3ETHETIRNAHEN ic ADEBEAREH ® 23
of solid and oépetue dhe lnztsdararacterd foam aged aprightpfealsien. alt eanleacorepletelynot hi s
enbodi nment , the_l{quid or,salid phase or, the mxtyre of liquid and solid

. . I
phase cor r espRATERIRICkefeVish S poverisseribed laygriop Or INtHE of Rackangselpaaof s
ceparat ed,0f 13 pihsRAlkid) 2 14 el EPfro ey DARGR heBIGRG Al BfuA (BN °d

fromthe l'iquid or soli ase or fromthe mxture o or l1quid phase
at once, or tpeekingricdtentssandimdalliiepdckimgietgnents hi apreferred embgliman, the tdo-0
present in twg-phase form .l.iquid/gaseous,, soljd/gasequs..or

Pl Gt - sol | 0/ Bt aecournapri Seiion Soaians 2o bbt BATREY 20 griatish slerd
tenmperature s@oh 'Eéfa-ztebﬁtepﬁf’eétss\i‘ﬁcatesor&ﬂﬁlit'nﬁrdi&x'i@e“pe‘ll?@ uﬁ%tﬂe'ﬂﬁ&éﬁﬂuﬁaﬂ?}
pressure of ammonia, but greater than the equilibriumvapor pressure of the

ot her conponewhie tha redetor siphrhesingaining tthe gasaphasenis pyéfershlylexclusivplyrpackade. Thi s
way, it ig possible,to favor, especiall tl’l_g renoval of anmonia and thus
speed up "?)he ‘H%P‘SWQ@C%&FH@@ i %a%ﬁféc g%%ss_ The apparatus/reactors
usable in this step can be identical with those of step 1, as discussed
above. '20 The residence tinme in this step is |ikew se not subject to any

restrictions, but econom c reasons generally dictate a range fromabout ~ O
m nutes to abdeording mothesinventioh.ewatlt is Wsedrin abooler BGotod agtienaikyd nitoler ©,

particularly preferably from about. 60 mnutes to about hours. 25 The
D oduct i xt UPRSGRUER o R Hyo dA0 s B B R wlu e Bl Bem e
bel ow. I'n a preferses 6lil B refetabB Witlie ed rangextidnt ©:206 15} &1 tBe use of

subj ected to a postcondensation in a fourth step at_a tenperature from
about 205t o VEaIgUR ex®et based on the aminoalkyl nitrile used, 1s preferred.

In this embodiment. the liquid or solid phase or the mixture of a liquid or solid phase
corresponds to the reaction mixture, while the gaseous phase is separated off. In the
context of this step, the gaseous phase can be immediately separated from the liquid
30 or solid phase or from the mixture of a solid or liquid phase, or the reaction mixture

forming within this step can be present in two phases: liquid/gaseous, solid/gaseous



~ 9.(l ¥~ ?bbd 16 preferably at a tenperature from about 220 to 300C,
especially fromabout 2S0 to 270C. Step 4 is carried out at a pressuﬁ@ JUL 2002
whi‘ch is below the pressure of step 3 and is preferably within the range
fromabout 5 to 1000 x 103 Pa, nore prefefpably within the range from about
10 to about 300 x 103 Pa. In the context of this step, the tenperature 5

and pressure ardiquidrsobd/gasesus. dswilbbo bppiesiatad Mdmprgﬁsremdstémaﬁf@mae eacond

liquid or soli as m xt ure .of .second.li nd second solid. phas
whi ch each cor?%opbsee f’f‘?éedpbelli}g&taeeach'ﬁg’ebd%tsg%ﬁ&ﬁaq‘% ﬁedf'a Pgﬂmﬁl‘-}f
preferably carpyésgxq 49'dlsingle S@ugbrg% phiseat the relative lo viscosifiy
(measured at a tenperature of 25C and a concentration of 1 g of polyner per

100 M in 96% strength by wei ght of sulfuric aci d) of the pol yam de assunes
a value within the range fromabout 1.6 to about 3.5. In a preferred

Toans of o | e topatal HICRE fas mhateo G b HHERO BT o ke OF SEME of RESEdet i on
mxture in st %ﬂ;aﬂaﬂg%n@%r eaReataidsYor t Ogsedmgfeev?&gétg?gﬁaka\f& Yar%g(%g%y, the

t enper at ur e, e préssure and the anpu n ste
step 3 is opebytmearmsofacsculgbr- pyapeeators gomthin-fibe qmapm‘amrs,lsunle dsewakﬁérn step

3 and step 4 ma tionally contain eIe s, for Raschi g
rings or Sul z§¥‘¥?ﬂo r{’éfl BrERt F’E%Cg‘l Teaeos> & r@ﬂ”@cﬁ“e%‘%%g‘?masﬁf t he
synthesis i Xfld%ér?ac'e ”Réd?x"cuﬁ%n Bh?rx%erea&%n'rﬂxxﬁné Hf Eh'@edse %FQQQ&MEtoPFnaSﬂB%

i nvention, step 3 di spensed wth and e pol yam de "produced

carryi ng ot seep&ar)( tb)mcx(e&s)e thﬂ;iha(sd)mteffdmesFmﬂrenamte ths rq:me:faénﬁﬂ‘leygasanhaseed out
as foll ows: actlon mxture is t etegaien step Z as

0?
described abof® %erfugberag B %?Pglelaw Weteh v #por ﬂ@nFlaﬁ@Sénﬁor 35890 t o

about 300C and a pressure within the range fromabout 1 to about 7 x 106
Pa, the pressure in the second step being at least 0.5 x 106 Pa |ower 5
than in step 1. At the same tine, the resulting first gas phase is

separ at ed fr ofRreféreblf) the pressuuisddjpisted @t a preselected temperature so that the pressure is

smaller than the equilibrium vapor pressure of ammonia, but greater than the
15 equilibrium vapor pressure of the other components in the reaction mixture at the
given temperature. This way, it is possible to favor especially the removal of

ammonia and thus speed up the hydrolysis of the acid amide groups.

As regards the residence time of the reaction mixture in the first step, there are no
20  restrictions whatsoever; however, it is generally set within the range from about 10
minutes to about 10 hours, preferably within the range from about 30 minutes to

about 6 hours. :

Although there are no restrictions whatsoever concemning the degree of conversion of

nitrile groups in step 1, economic reasons especially dictate that the conversion of

(5]
n

nitrile groups in step 1 be generally not less than about 70 mol%, preferably not less
than about 95 mol%, and especially within the range from about 97 to about 99

mol%, based in each case on the moles of aminonitrile used.



The first: liquid phase obtained in step 2 is treated in step 3 as in_step 1
or at a tenperature within the range from about 220 to 300C and a présgsﬂﬂe?ﬂﬂ?
w2thin the 10 range from about 10 to about 300 x 103 Pa, the resulting
second, water- and ammoni a- conpri si ng gasisphase being separated fromthe

second liquid _phase, Wthin this ste the relative viscos nmeasured as
defi ned above) fmmifegrp&acpnwerﬁgonﬁé|°9§ﬂ%f3ﬁd§teamneébwe@as %‘l@'@g?‘é‘lf‘:w ue
within the ra &Tal@tT) g cC i ature
and resi dencerat@ ﬁrrgetfe ﬁma}lgenslu ??ﬁl’gq@gécnonééfs? Qﬂw %hgisag i re?{%nﬂwelk
conventi onal | ypetussdvpyged and, if desired, ~orked up. In a further
preferred enbodi nent of the present inventi on, at |east one of the gas 20

phases obtained in the respective steps can be recycled into at | east one
of the preceding steps. It is further preferable to select the tenperature

and pressurge WSt r :

obtain a I|i qucP réiro ggﬂl%oﬁvec?lngﬁz&lgggfccg{dﬁétﬂltgﬁéepebfs' ﬁ(ﬁpmjsteg)ngﬁ r%eﬁ&d&zhase
and a gaseous oR &:oﬁ&duﬁ@ph@@ﬁ@waorﬁm.sﬁsIe&p@:@lgrpﬂabf;ﬁhoﬁé teidFpHospieramr e, i n
the context of t process of the invention, it Is also _possible to carry

out a chain | @ﬁxgtanémmgah@splmrwndngnd)ﬂwﬁ aB@hﬁnﬁ@haﬂér@Hfﬂm@ &wth met} sq ﬁu s

per Son Skt 11 0 ASERATE JS pci B Nea S NEE 00 SR BRIOR SRR O AR08

steps. These mpapq«qaoarmw@f BLHBOY, Kidey], KmmaeKH%P@e i whishadakethe
substances are: 5 Trifunctional am nes or carboxylic acids as_ branching
agent s or 18r osglarriée of wiarainpnigte &F pkasphops eorapoundsistselested YWABHN BAANEEM nes

or_carboxyl | ¢ gag] dey 811 JeSLRIBH AR @30: 4R o8 By al | east

trifunctional "am nes ha ree no "groups I'ch are capabl e of
reaction with carboxylic acid groups. They preferably do not 1 o have any
carboxylic acid groups. The at |east trifunctional carboxylic acids have at

| east three carboxylic acid groups which are capable of reaction with
am nes and whiAcRordag taltb,@rlyéntp}neﬁ@meactlparfmémbtemed H ﬁ]ﬁe’lrﬂoﬁtqﬂ ig ffuthes r

derivatives. suElo%h 8589 % o UE,SARBO L CuBil 45006 £ 3RhY Aipcipieccont ain

any am no groups capa reac REON Wi car oxy o aC| anpl es

of suitablig cardiadllig actediperunget withidsiie eagd, frdh hlsdultre}oom@)ftat tyouaci ds,
whi ch can be Qregared for exanple fromoleic acid and can ha2V8 c)frorg 50 to
60 carbon at ordl(3Hipht sraFdHEpBIRBdhOBRET fremaabols230da @Rogs?90(270)°C, an

napht hal ene- 1P%s§ue7w}fch 1AL AN ke r@s@ m!—t'@ﬁlc?ﬁélﬁré%{n‘ecm% o rs?eg

preferably defined organi ¢ conpoun and not” po I C conpounds
Exanpl es of apiefiesblhavieasy aadsutIOéaxsﬂO%Peahmnthgn ctiwgsesawme umsttp il] mtdrgeabrhw am ne,

especially nitrilotriethanea di a etrlam
di gt hyl engt ri %m@sur@rwxﬂ%gwlg%%ﬁ{eé@%#%gg OHt §- ]t@t S‘éﬂm gﬁﬁ%’eﬂ’i%er‘}"i‘ s, the
al kyl ene ppi et 65 hE %%Sé ABIYabBE U‘Qtoe}beﬁtl 18NE1 (02 84 sh&SallyFMitHiA B TRIR from

dendri nmers can be us as am nes driners
1 about 0.2 to about 6 x 10° Pa.

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

mixture of first liquid and first solid phase.

The first gaseous phase, which consists essentially of ammonia and water vapor, is
generally removed continuously by means of a distillation apparatus, such as a

30  distillation column. Any organic constituents of the distillate coremoved in the course



preferably have the general fornula | 25

(RZN-(CHZ n) 2N-t CH2) , ~~- N~~CHz) n- NR2) z ~I ) where 19 J U L 2002 19 R 1§ J4L 200
or *-(CH)~-NR~z, where R is Hor -(CHZ) ~-NRzz, where RZ is H or

-(CHz) ~-NR32, where R3 is Hor -(CHZ)~-NH2, n is an |nteger from2 to 6,
and x is an integer from2 to 14. PreferaMy nis 3 or 4, especially 3,
and x s an | bEERIGi{IATE AroddhiniiS Boalched BAMAIR, tan BSRAGIAbLE Yardy The
radi cal s R can al so have t'He stated neani ngs i ndependently of 10 one

anot her. Pr ef ereadytled iffo step a angfdr stge@d. at om or a - (CH2) ~- NHz radi cal .

Sui t abl e carboxylic acids are those having from3 to 10 carboxylic acid
groups, preferably 3 or 4 carboxylic acid groups. Preferred carboxylic
acids are those having aromatic and/or heterocyclic nuclei. Exanples are

benzyl , napht hﬂx re@RLAe S’f thd eac?érpgl)l?)ﬁ%ﬁle mtslre *1? Hé(t su Pﬂtﬁ%}pﬁ r95rtnct10ns

heterocycles suc as py Ipyrl e pyr

t hi ophene, spurwhasoegeri butlis gmeraﬂ)llyem&mh theemge ﬂmn @Hsvjar immupiuéshabbm;témonfs
napht hal ocyani ne Pr ef erence is give S' - bi_phenyl tetracarboxylic

aci dpht hal ocy aifEfsERblnwihin kg 88 ‘P’ﬁégmﬁ 3§ ”5‘““’55 mtﬁbﬁﬂéﬂwlf-‘et racar boxylic
acid, 1,3,5, 7napht hal enetetracarboxylic acid, 2,4, 6-pyridinetricarboxylic
acid, 3,5,3,5 -bipyrid 20 yltetracarboxylic acid,

3,5,3",5 -benzophenonet etracar boxylic acid, 1,3,6,8acridinetetracarboxylic
aci d, particul B yrogu@f ieabénvetn TheSfilsennd netdndcaooptibhallyacdiaind patksd C
aC|d) and 1, 2, 4, 5-benzenetetracarboxylic_acid.,K Such conpounds are

comercial ly R/eMTED | Bichrasc Rasohig BREDH &F P ey mH‘é“gpF)@E’é%Té: gy faﬁéﬂatFrﬁ
P A 43 12018%0nd by %4; 05k {hte%%gxoﬁhroug%ﬁ}tﬁ QNS AP 5 e fHsle

formation i's prere prevent oi'ce o

reaction tenpdiq@idioete fﬁ’@teaﬂxdspﬁasd andesmixnee af fAradRjuid aridf e solahphase is
preferably at |east tetrafunctional. The nunber of functional groups can be
from3 to 16, 39mexes with ¢ spsaons or %laulémhasfsa@mp@éqnaraanwﬁ &RegBIny, BrefsFol to 8.

Toe, Processes phel BedNaabl. TG el Rbay TR LG Wil gk f) 19 2

200; 20 least trifu I on am nes eas uncti ona
aci ds, but nothqmicb}tlur}ﬁsfembl\swahmanhenemgerfrcmrmmyISOCtanbdils lselowmyemores mal |
anounts of at least trjfunction % ani nes O\gﬂ(Pg e present in

trifunctiofal RSEFIBBRyWithin dhe gage agpytd bout 306rmd l@aqﬁsméﬁ%gasspé !
present in an @y iy ﬁ’ﬁtﬁo} ?rs?&l la!egnoél ; g#ﬁ&gﬂ% greﬁrspﬁﬁﬁ%ﬁ&)h%t ffigm 1 to

3 ~, particularfly pre yam de subst ances
are preferabl )phpsreei'hnstaddmomnf wataupﬂmﬁmlgmn&ptmsatb?»ﬂ*ge veaertlogsed mlcwyeqoimesteqar ably

from5 to 100,, especi al | 10 to 70, = of . equi val ent s/,
pol yami de. Thé @Hﬁ Ferts higg’]l}ﬁ%fs dacb‘g gﬁ?Hﬁeﬁn F SYRIAEYS BN aﬁﬁhﬁo

groups or car Besks Iif AGirthel a@v%gft&ﬁp& thEd iﬂsv@ﬁﬁdnormdt REMARYYE bf (RE IsARirr
di functional am nes are used chain | engtheners. These have 2 carboxylic

acid gr oupd wmatériabeas used insapt lecanibietubedavvitiha smalbenssss of wager only.

The gaseous or liquid phase comprising water is preferably preheated in a heat
exchanger before being introduced into step 3 and then mixed with the first liquid or
the first solid phase or the mixture of first solid and first liquid phase. The reactor
25 may optionally be fitted with mixing elements which further the mixing of the

components.

Step 3 can be operated at a temperature from 150 to 370°C and a pressure from 0.1
to 30 x 10° Pa; if the bed of the invention is present, the conditions applying to step

30 1 can be employed.



am no .groups which can be reacted with carboxylic acids. The difunctional -~
5 carboxylic acids or anm nes, as well as the carboxylic acid groups ?QJULZMZ
am-no groups, do not contain any further fw ctional groups capable o
reaction with am no groups or carboxylic acid groups. Preferably, they do
not contain any further functional group§§ Exanpl es of suitable

di functional am nes are those which formsalts with diflu~ctional

carboxylic acids. They can be linear aliphatic, such as

.1 4-allryl i_anm ne, . 6-al kyl i adi f |
exyl ened! ar ni o PRAHSS epd RerBf BT A be Ay i afy GO Sieh oL 9k TR ©
i sophor onedi agigesisdhiSHEY fdptesehBds@dinge liBHia e B6ItH FHabd) Midhnothet enibodRgendr €

| i kewi se usabl e, an exanple being Vestanun TMD ) )
(trimet hyl hexghegresyire pnd feanperasure reoielectgr so A 2 lipvid araselidamase prea mivgwienes

o oS, “RER RS B A A DE B ROTRA F obg e o R gl o e
preferably C, thediqalddt solid3hasetdrah® hiktiR SRAIRANakkeNiephske dorestmis anfk

carboxylic acids are, for exanple, those which formsalts w th difunctional

di am nes. Theproduet miasture, vdzareaa thepdraeaus phissds bepasatadcoth disaxut afithisistenr e 30

preferably C4_ZO di garboxylic acids. anpl es _ar.e, adi pi c. aci azel ai.c

e ac aebaci cEooub Aty s pdfied Bom e R s 2 SaEpChot afe aPBieRs
aromati c. ExaggHdes IRLR phasPitonad, iof tHRCdyHthedi & hdRiMe Tadnisg H4thih this step can be

napht hal enedi carboxylic acid, as well as dinerized fatty acids. The

di functi ol bigsant ingwiorphiasgyfopnoliqed/gespouss eolisigasenuapt §quiksealid/gaseawsunt s from
1 to 5 55, particularly preferably from1l to 30, especially from1l to 15,
nmm g of polyam de. According to the invention, the product m xture obtained
in step 3, or the second liquid or second solid phase or the mxture of
second | i qui dTROgres8roRen SRl ddfhsRBaien plesQBa&d Bptlaniiss RhAaGE FoRReijse the
pol yam de, preferably a polymer nelt, is 1 o discharged fromthe reaction

vessel in a comalienthaprib¢ equihbriavm vapor pessaurpoé amonisaby gdates thamibe equili-

Subsequently,, the pol yam de ai hed can wor.ked .acecqr di to.
convegti onaly %%Hgg?rypégssaréscgﬁfl%g % %c%m%gpgﬁiﬁluéh}ensyﬁgs C A3 %gge @B’S{Qe 3
line 54 t o pagapérahir@€rhd) way, il €peddible ibfaver @&pidigfyahd fethabSHmMmMBhia ahd1e

| evel of cyclic dinmer in the nylon-6 obtajned according to the imention
can be furt hethus &gad spithshyesalysiscafithrpcihamigsigieans.de first with an aqueous
sol ution of caprolactamand then with water and/or subjecting it to a gas
phase extraction (described in EP-A-0 284 968, for exanple). The | ow

nol ecul ar wei ght constituents obtained in this aftertreatment, such as
caprol act am Thegaradgs/reapseestlaim did gepesn daddeyied] ivathcpseobhstepam as

ol i goner, can_be recycled into the first
discussed above.

20
The residence time in this step is likewise not subject to any restrictions, but
economic reasons generally dictate a range from about 10 minutes to about 10 hours,
preferably from about 60 to about 8 hours, particularly preferably from about 60
minutes to about 6 hours.

25

The product mixture obtained in step 3 can be further processed as described below.

In a preferred embodiment, the product mixture of step 3 is subjected to a

postcondensation in a fourth step at a temperature from about 200 to about 350°C,



and/.or .second and/or third step. The starting m xture and the synthesis

m xture can be adm xed in all steps with chain regulators such as aﬂ@p,hﬁtm
and aromati c carboxylic and dicarboxylic acids and 25 catal ysts such as
oxygen- cont ai ni ng phosphorus conpounds in_anounts within the range from
0.01 to ~% by weight, preferably within tifie range fromO0.2 to 3% by wei ght,
based on the paRuiKly of a RGhy@RuAerbAr HoBNMDBBTBFS, APkl fahidbbit B9 sed.
Sui tabl e chain regul ators 1 nclude for exanple propionic acid, acetic acid,
benzoi ¢ aci d, 21@EeptepHais carrizd iotlt airadpressitgodticinie delawi thepresue ofistep Jand is 2002
22 Additives and f.illers such a i gne , es, and stabil.izers .are
general |y addafﬁg%bl}(% t EeF 30% %Oﬂpé%pw%grxsltoog ?}éﬁ‘?rgﬂe‘f%f?ﬁgﬁfqg’m@?er abl y
in the secondsangdirb 2806 ferabButS0ORSL0> ParTh ifelWodlexibRhiS k@PCBe kénpRiaigs to
using fillers and additives whenever the synthesis or polyner mixture wll
not encount er aifd pregsutreate seleated $0 ¢S tmobthm a sesondogastphesesandr psesosd figuid one or

nor e i npact-npdi,fyi ng rubbers be.present in the co sitigns as.
Rt vee. i 1 SRR PORRETE o BHOR R Ecor RSP PR SATCI 006 by
wei ght, basedihe@Rokyagignti re conmposition. It is possible to use, for

exanpl e, customary inpact nodifiers which are suitable for t o polyam des
and/ or pol yaryl ene ethers. Rubbers which enhance the toughness of

pol yam des generally have two essential features: they have an el astoneric

ortion which.has a ass.transition tenperature of |less than -10C,
Pt r bl v 1 oD ashe iR Crie P S PretAetiay Faied oot S puch ey AP 5

group Whi g 1 GisGRiRRthéastied! 40 h SAsdrh@R M A5HC LHE 2 REhAFMHR: ofﬁug;o??é&ner

functional groups 1 nclude for exanple carboxylic acid, carboX

anhydri de, capdyd@inlcn@Siestrengtiy bioxgight obsulitee acidy bbby Ipolyamidalessuracs 210,

hydr oxyl , epoxide,. urethane and pxazolin r,qups. o Exanpl es of rubbers
whi ch enhance"dYaVityp giffange %lcl’m ﬁ%‘%éréetﬁﬁgo‘gﬁ ‘ude for exanple: EP and EPDM
rubbers grafted with the above functional groups. Suitable grafting
reagents include for exanple nmalefic anhydride, itaconic acid, acrylic
acid, glycidyl acrylate and glycidyl nmethacrylate. 25 These nononers can be
grafted ont o Iheprpisirgdrembpdintent amp Matep preasent swthetliquid, phiase tanebepexpskmicky or
absence of_ a free-fadi cal ini Bi atBJ?r osuch as cunene hydroperoxi de. 19 J U
L 2002 23°The™cp8i FhEFE 887 SUh 4P B8 descri bed under the pol ymers A,

i ncludi ng especially the ethyl ene copol yners, may al so be used as rubbers

i nstead of polyners A and be m xed as such into the conpositions of the

invention. 5 A further group of suitable elastomers are core-shell graft
rubbers. Theskeaesdapcatimerafithpercactinhinukituze ia sisp ddiepends espeewlly shdhe desicedwhi ch

have at |east _one hard. and one soft constituent. A hard.constituent is
customar i Ly 40T et e BRpeafiut AP R lre Bl S TR St sy
25C, while a3soft constituent is a polymer having a glass transition
tenperature of not nore than OC. These products have a structure nade up ~
o of a'cope and at |east one shell, the structure being the result of the
order in which the nononers are added. The soft constituents are generally

derived from ie I Sopre | kvl . acryl a -al kyl h | at.es or
si | oxanes anép%%ﬁa?gn@%#fﬁ%t%@%’@%*&é%s%_%éﬁ%%%?%eb%?eﬁge Zf%@rsgeg can be
prepared for 4emagppordd ¢dntn phekime ¥leheits Ofor @RAMPIe CRaschig rings or Sulzer
octanet hyl tetrasil oxane or tetravinyltetramethyltetrasil oxane. These 15 can
be, for exampHyingeteamants Widhallpvh pensiolled panapsione ehie ayiteesHoRPSwE dhtiei n a
ring gas phase.
25

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).

This variant is preferably carried out as follows:



opening cationic polynerization, preferably in the presence of sulfonic
acids, to formthe soft siloxane cores. The siloxanes can al so be 19 JuL 2007
crosslinked by, for exanple, conducting the polynerization reaction in th
presence of silanes having hydrol yzabl e groups such as hal ogen or al koxy
groups such as tetraethoxysilane, nethyltri ?o nethoxysilane or

phenyl tri met hoxysil ane. Suitable conononers here include for exanple
styrene, acrylonitrile and crosslinking or grafting nononers having nore

t han one pol yhks ieactionenidoubisdrepisd dh siep b andesdiilxd apbvepdrtah a tepnperature wi

di vi nyl benzeng, butanediol diacrylate @ triallyl (i.so)cyanurate. The hard
Const 1t ent o B aige i d2f oAb RSP ahf p aestios Wb B Sk el s

copol ymers t hegeout Pk a0EPL, Ak FessGRMRARRE IR ik 2804 £ 10®Pa lower

met hacrylonitrile and net hyl methacryl ate. Pre?err d core-shell graft
rubbers have thasaf stegdr At dmdsameniamel tehedshltiog fastipas ghaserie separdiéd Somstbé t
shell and at Least .one further hard shell. The incorporation of functional
groups such a S@%PH%%VF? carboxylic acid, acid anhydride, acid anide, acid
i mde, 30 carboxylic esters, am no, hydroxyl, epoxy, oxazoline, urethane,
urea, |lactam or hal obenzyl groups is here preferably effected by the

addition of suitably 19 Jut 2001 24 functionalized nononers during the
pol yneri zat i obhheofirst tiquidapitass loblained Snisteph? és freated irostap i3zadinnstep deorsati acl ude

for exanple mal efic aci.d, | ef i c.anhydri nm dj esters or. malefic

ncl . ¢ et  bUETPTRER B JTeaehee SORVRICE 960 &0 S0 oty F RSHR) HEPY 15 o and
vi nyl oxazg i m%n%eT%%npagmrio % BhuMHAPHEIE PAVIHE Gebuki 5QBAY, axa&;.%mﬁ, s
generally withih the range fromO0.1 to 25% by weight, preferably wthin the
range from 0.&rnmoma-t68tphsingugasyinase easgestpamtet Hront e atcone lighitl pbéset Wéthin

-shel | ft rubher. Th i ght ratio of sof har.d tityents i
Gener al Ly w v iR TEAFRIENE, SRrobty (irosted a5, QRAERLAEPVE O T e i ge
from3:7 to 8olyanife BUGustedD 8 HEsiredNiaRi v Qarigl EroPAHN € B0 @bout 3.5

pol yam des, are known per se and described in EP-A-0 208 187, for exanple.
A further grohpugh ckuée efi¢rmpéramreandnestdencetime.ar e t her nopl asti ¢ pol yest er

el astoners. Pol yester el astoners are segnented copol yet heresters contai ni ng
| ong-chairs 15 segnments, generally derived from pol y(al kyl ene) et her

gl ycols, and short-chain segments, derived fromlow nol ecul ar weight diols
and di car boxyfHeCreafilSsecE IqRA QHELELS tiRh ok RO AB T discBarpbdl add, af desed] bed in
the literature, for exanple in US 3,651,014. Corresponding products are

al so conmer cidrked @vai | abl e under the names of Hytrel (Du Pont), Arnitel
(Akzo) and Pel prene (Toyobo Co. Ltd.). 20 It will be appreciated that it is
al so possible to use m xtures of different rubbers. As further additives
there may be nentioned for exanple processing aids, stabilizers and

oxi dati on r etlar0fifthér préfieRl enft@ainitdt of (eI predent BEOITRAS At lef 0ABWS the gas
deconposition by ultraviolet light, lubricating and denol ding agents, flane
ret ardant®), d3eses bipined in the respective steps can be recycled into at least one of the

preceding steps.

t

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

25  and solid phase and a gaseous phase and the gaseous phase is separated off.

Furthermore, in the context of the process of the invention, it is also possible to carry
out a chain lengthening or branching or a combination thereof. For this purpose,

polymer branching or chain-lengthening substances known to a person skilled in the



25 pi.gnents and plasticizers. The proportion thereof is generally up fg)JU
40% prefeerably up to 15% by weight, based on the total weight of the L 2007
conposition. Pignents and dyes are generally present in anmounts of up to
4% preferably fromO0.5 to 3.5% especial{gy fromO0.5 to 3% by weight.

, 19 . 1U ?00? 25 The pignments for coloring thernoplastics are commonly
known, see forrtexanagsied iRth@dodividialagepsHhave sistances Rae pieéanhly: Rddedrin step 3

Kunst st of f addi ti,ve, Carl Hanser Verlag, 1983, pages 494 to 510. The first
preferred grOL?f) of pignents to be nentioned are 5 white pignments such as
zinc oxide, zinc sulfide, lead white (2 PbCO3 ~ Pb(OH)2), |ithopone,
antinony white and titaniumdioxide. O the two nost conmon crystal

pol ynorphs (rutile and anatase) of titaniumdioxide, the rutile formis
preferred for Usslkleasbstenceseargi gnent for the nol di ng conpositions of the
invention. 1 o Black pignments which can be used according to the invention
are iron oxide black (Fe30~), spinet black (Cu(Cr, Fe)204), nmanganese bl ack
(m xture of manganese di oxide, silicon dioxide and iron oxide), cobalt

bl ack and antt : o . I t] I e warC ack,
which is usually ugedﬁi %ni?lggei ?o?%’%@?uéﬁ%gcggo%{rmg{ahgfgblég‘%:}ty(oéeg%%ﬂ%%%zi ng,
Pi gnente fur ZAxsmpiesbfsuitable,at ExpenfunMionahamingé®&8arbopylicl&cidsdiré Pesctibedanl | be

appreci ated that in i ¢c.color pi.gnents. such as chr.onm ym oxi de green or
opgani_c col or f@‘_r?eﬁ‘&gg‘_&ugﬁe&%ﬁé?&"g}“@m ?néf}?t?l%ﬁ‘fﬂaﬁe{?aé& Z5h HBLOENAe used
according to g é}é’%g}Hb‘fH‘of fé_afi?gavkrﬁh by e uﬁ%’gﬂgf'pgéfﬁ%l? & fot

generally 20 commer ci y aval le. I't can further b advantage to use
the abovenent hineney qarlgnghit scidrgrabpss Theataleast uifunaionélorartmxghphade haveont bl ack

w th copper t hal ocyani nes, si,nce this. general facilitates the
i Sper s on of 10 iee, UG S HBPHECVIET 255 ceBeblteAl BRFB L AFTES e
thermal stabi hjnzgrean Wb b pfé@éht,t}l@r @Qﬂﬁ‘l’e §:0the B&ind SRR RahVeS, ﬁ@?&oés'ttetrr]ée. ons of

the invention include for”exanple hal'ides of netals of group I of t
peri odi ¢ tabl &he earjoxylis adide preferhhly de nopeersais anyrarmiabigdeps chpabld efiredrsibn des,

optionally in_conjunction.wth c er{l).halides, fqr ex | e. chl ori des,
bromi des or i&'&géé’!sﬂ’.ox)ilﬁea ETRYPS: %gg‘:“p&§Bgﬁqlgﬁbgfa@f’xﬁgﬁﬁgﬁf&pweﬂcsﬁl ont ai n
el ectron- §3 chifnddARM&E, ad2 MM @Scafbe prepared for example from oleic acid and can

have from 50 to 60 carbon atoms, naphthalenepolycarboxylic acids, such as

naphthalene-1,3,5,7-tetracarboxylic acid. The carboxylic acids are preferably defined

organic compounds and not polymeric compounds.

~

20 Examples of amines having at least 3 amino groups are nitrilotrialkylamine,
especially nitrilotriethaneamine, dialkylenetriamines, especially diethylenetriamine,
trialkylene-tetramines and tetraalkylenepentamines, the alkylene moieties preferably
being ethylene moieties. Furthermore, dendrimers can b:a used as amines. Dendrimers

preferably have the general formula I
(RaN-(CH)n)aN-(CH2)-N((CH2)e-NR2), ()

where



? 9 ,1.U- p~n~ 26 such copper conpl exes are copper halide conplexes with

tri phenyl phosphine, for exanple. It is further possible to use zinc

fluoride and zinc chloride. Other possibilities are sterically hindefdd/UL 2007
phenol s, hydroqui nones, substituted repreﬁpntatives of this group,

secondary aromatic am nes, optionally in conjunction with 5
phosphorus-contaithQIﬁ@ﬂQ@H@pdﬂéghﬂ&nihereof, and m xtures of these
conpounds, preferably in a concentration up to 1 % by wei ght, based on the

wei ght of the m xt y'e,y a(b@ LesSNRE, Whifestabilizers are various substituted
resorcinols, sali c;ﬁ a% esl?)?f eré"oNIthzi’ azolees and benzophenones, which are

generally used in ts ® 2% by 10 weight. Lubricating and

denol di ng agents, ﬁ%ﬁ °ér@f%g#§i‘a?r}”§eﬁencl uded in the thernoplastic
material in amounts,of up to 1 % by weight, are stearic acid, stearyl

al cohol , al kyl st ed¥ a4 H9r a&dn-MHry| st ear ani des and al so esters of
pentaerythritol with long-chain 15 fatty acids. It is also possible to use
salts of calcium ofis i mteger frah 24bépansum of stearic acid and al so dial kyl
ket ones, for exanple distearyl ketone. The present invention further
provides a pol yam dds ai ehget Hb@ 2y 1any of the foregoing processes. ' 20 The
exanpl es which followillustrate the invention. 1 9 JUl 200 Exanpl es
Measurenent of residence tine distribution 5 The effect of the various

m xi ng el ements on the residence tine distribution is investigated in a

gl ass tubul ar reactior..The gl ass. cyl.inder, which has fhe sa ngth,( 100
cm and the sgﬁé‘%?%veﬁ’ﬁ ord‘ﬁﬁﬁ%ef@ﬁy(gf%ﬁﬁﬁjané%t%eﬁzmﬁ%fﬂ %zrpf%g%%h@ oMded for
ACN direct pohyneisheadllyd The Saditdld R Gaivhlsh hiRahe Shlee SRARGLE ThdeperidBstlyedfement s
for this purpose. The mxgnb%lel enments used are 3 nm Raschig rings or TiO02

t o extruda® es opeianpiker dreferabhy, R is adydrogen gomey a -(0dirNHs radisabed t hr ough t he
flow tube at a rate of 600 g/h using an HPLC punp. Methyl ene bl ue (0.05%
strength) is used as tracer. The tracer solution is fed to the reactor
inlet, again at a rate of 600 g/h, via the main feed line. During the
injection 15 ghitdthe clrbagdic s@dubrefosenhdvidy Frakes td 10 eurbexylit heid erdlpgf the
tracer-free liquid is interrupted. Sanples are taken at the reactor outlet
at interval s Ricfasally 8ias 4rogrhpxyhie egid graups-Preferied easboxylie acidnarsrthessdeuingr at i on

of the sanpl e§1'oirrisatigeathﬁ/rorrri ﬂy?eqoééjcﬁc %l?l%l%{ péia?ﬁblesspgr%tlge%ﬁf)%phthyl, anthracene,
13 biphenyl, triphenyl radicals or heterocycles such as pyridine, bipyridine, pyrrole,

indole, furan, thiophene, purine, quinoline, phenanthrene, porphyrin, phthalocyanine,
naphthalocyanine. Preference is given to 3,5,3',5-biphenyltetracarboxylic acid-
phthalocyanine, naphthalocyanine, 3,5,5',5'-biphenyltetracarboxylic acid, 1,3,5,7-
naphthalenetetracarboxylic acid, 2,4,6-pyridinetricarboxylic acid, 3,5,3',5-bipyrid-
20  yltetracarboxylic acid, 3,5,3',5-benzophenonetetracarboxylic acid, 1,3,6,8-
acridinetetracarboxylic acid, particularly preferably l,?,S-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-A-43 12
182. If ortho-substituted aromatic compounds are used, imide formation is preferably

25 prevented through the choice of suitable reaction temperatures.

These substances are at least trifunctional, preferably at least tetrafunctional. The
number of functional groups can be from 3 to 16, preferably from 4 to 10, particularly

preferably from 4 to 8. The processes of the invention are carried out using either at



20 Characterization of the residence tinme distribution through cal culation

of the Bodenstein nunber The purpose of the analysis is to characterize kel 200,
neasured residence tinme distributions, so that the effect of the m xing

el enents can be conpared. The 25 average xpesidence tinme t' and the

Bodenst ei n nunber Bo, which is a measure of the width and shape, of

di stribution t9aserifuncliennl amires ouatleast Eifpnotignal carbexlisrasids.oput ééﬁ@ﬁ%‘ﬂ!ﬁa@ﬁ ng

he depend f i i : he. e
he  dependence,dl shis SLASIOR LGP RGN St TP\ oy 19

arbitrary uni afineé mdy beiphésessi tof rifibRtidriabeabexyt 88l ¥ndliit vergd. departures
froma Gaussian distribution, evidence of pronounced axial dispersion. It

t heref ore appears sensible to enploy the dispersion nodel for real
reactors, which is described for exanple in Cctave s Levenspiel, Chem cal

Engi i ng, d i.tion, John WI & S New Y 1962),., f .
Gogcr b ngot nd T GUBUHSES i dtieH Hodnemmuae bt | Pl Hate drRdBiides o
di ffuse term pddafiParoth IR6r3, QRrtie@aflY bfdrgMly @ MOEMO@@%? RERRHAE TRE the

degree of axial mxing. The analytic solution of the disSpersi‘on nodel
descri bes t hesuhspoeaseme prefirablj grasers po as empumtdtdno A €15k patisuldriypnferebly ess

quotient Bo, t.he 0 denst.ej n.nuner..C c(t . . =(1- wher e
002 <o a0 FOB 78 3 esREa G REl d anfel of v S B PG B £y,
L is the pathedqsngdétis ale BaSed b€ i HREHes b RurkeBSHa hmiNgroafdorRtarSoxiye acid

hydr odynam c residence tinme. The shape of the residence tine curves depends
on the axi@l giogpersion and is thus a function of the ' Bodenstei n nunber.
The | arger the Bodenstein nunber, the nore the flowin the reactor
corresponds to an ideal plug flow By fitting equation (1) to the

normal i zed 20 response functions, the appropriate val ues are obtai ne~ for

the (fitting) DPRAGITRAICESHEGBREIA] or difunchidnal dmirdilRe 4SdCAT @latS fenPth@Red, at i on
Catal yst 1 Beta-zeolite powder 5 The catal yst used was a beta-zeolite from

Uet i kon (ZeokZhesBdiaw 2 varbionplic 4nid Ersiuppwhith canp asictedovith S8nie grogs, 642 A1203
= 7.8% Na~O = 0.5% Kz0 = 0.7% ,BET surface area .= 70 , .pOre size in
~ L0 X6 pamiosstoug aniigh ot pe pd 0O (RRRRR e b gEfRctord

Bet a- zeol 14 e exbdxytlah&ds sPimfeDhs (31 28Pkich®okyIRMcDARORIsOr MRS Bolipedsied
with ~% of Wal ocel and 230 g of water for 45 mnutes. The material was then

mol ded under BotFoBBEUMY Birthyofupstioniahgoups eaprblz tof uerstierns Withiaayao gequps af i ed at
110C and cal C&a'?l?oqcyﬂg agg%%Jpg.rPr%‘éra%ly, 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 Cj.js-alkylenediamine,

20  preferably Cy-alkylenediamine, for example hexylenediamine. They can also be

l cycloaliphatic. Examples are isophoronediamine, dicycycan, laromine. Branched
aliphatic diamines are likewise usable, an example being Vestamin TMD
(trimethylhexamethylenediamine, from Hiils AG). In addition, the diamines can also

be aromatic-aliphatic, it being possible to use n-xylylenediamine, for example. Entire

25  amines can each be substituted by C;.j;-alkyl, preferably C,.js-alkyl, radicals on the

carbon skeleton.

Difunctional carboxylic acids are, for example, those which form salts with
difunctional diamines. They can be linear aliphatic dicarboxylic acids, which are

30  preferably Cqgo-dicarboxylic acids. Examples are adipic acid, azelaic acid, sebacic



15 195.- g of these extrudates were exchanged with 3 liters of 20% strength

NH. ~Cl solution at 80C for 2 h and then washed with 10 1 of water. 19 JuL 2007
Thereafter a second exchange was effected again with 31 of 20% strength

NH. ~CI solution at 80C/2 h and the produgi was washed C -free. Drying at

110C was followed by 5 h of cal cination at 500C. Catalyst 3

Sheet - si | i cat geidy Rfbed Oackd. 1PhdyS c a6l B tar@itRd FRamblEerirk | isepHiealitr @,
Slid-Chemie. It has a BET surface area 25 of 180-220 n2/g and an ion
exchange equi teadpbthaliofcid,mapbthalengdi@obayylic acid) asmell 2s dipgrgized-fttraeidbyst s 4 and
5 Ti 0= extrudates of 100% and $4% anat ase, respectively Preparation is in
line wwth the description in Ertl, Knozinger, Witkanp: "Handbook 5 of

het er ogeneous catal ysi s, VCH Wi nheim 1997; page 98ff. The Ti 02

pol ynor phs de?ﬁé G 8%l Rakik ibﬁHJiilﬁé g)Yocl?i F“? QFd &gfe&arbut Bé%gl% %ﬁ%h@?flrd?ﬁ?f Ggi ption

were mxed with water, silica so nd glycerol, extruded and cal ci ned at

QB0C. Cat af ysb5,paffictlarly prafeteblyifdat 1 tms especially temdatodSymin/g of fdlyamide.al yst
used was obtained by intimately mxing the comrercially available titanium
di oxi de VKR 611 (from Sachtl eben) with tungsten oxi de and subsequent
extrusion as per Exanple 2 or 4. 15 It has the follow ng specification: 20%

by wei ght of 209 I ON Al = t ot al
acidity (pKa g%?%ﬁg 8 ??%ﬁﬁ’ﬁ%f“; 3?6 plof “?%?F%‘B?Bﬁé‘i S?g)tfng%écg’r’ﬁm /9.

| nventi ve Exaliqliésr dec8nd6olid phhe ot el mixshows sdched liqpd aué seond isolid himse

resi dence ti distriputjon, i.e., the reducti.on in axjal backm xing,

obt ai ned thro 1B ‘Bs‘éﬁ‘ﬁg efflph somaNicetis RObRMY Qj%&ﬁ@é s .Pe@ﬁ%mzit,ﬂ%n in

t hi ckness;pandg; ' |5 gp‘;m%;,g ' Ji Oz
bed (Conpél(f‘at%hve%g?rrrgﬁ;m&r}elé%ﬁggﬁ %lﬁga%?g%m%lr ee be gbgr%ﬁaeﬁlggsb?glﬁ%n%S ring
packi ng el eneoft s paBpnPebsaquently Bhamolyamizy) obtained cas belevorkedt ipracabrding tdut i on
of Inventive Exanples 1 and 2 s narrower, j.e e nst ei,n. nypber Bo
is larger. §Y ton%deejg%c%, %S?’ﬂ%ﬂer%28{?#%9@%93?5%%%3@536% 1, in
whi ch Ti OZ pehdoelisinaBflattasghi 9 rings are used as packing el ements in the
reactor, and og Conparative Exanple C2 with (exclusively) Raschig rings is

depicted in Figure | together with the

15 In a preferred embodiment, the level of cyclic dimer in the nylon-6 obtained
according to the invention can be further reduced by extracting the polyamide first

with an aqueous solution of caprolactam and then with water and/or subjecting itto a

gas phase extraction (described in EP-A-0 284 968, for example). The low molecular

weight constituents obtained in this aftertreatment, such as caprolactam, linear

20 caprolactam oligomer and cyclic caprolactam oligomer, can be recycled into the first

and/or second and/or third step.

[

The starting mixture and the synthesis mixture can be admixed in all steps with chain
regulators such as aliphatic and aromatic carboxylic and dicarboxylic acids and
25  catalysts such as oxygen-containing phosphorus compounds in amounts within the
range from 0.01 to 5% by weight, preferably within the range from 0.2 to 3% by
weight, based on the amount of polyamide-forming monomers and aminonitriles
used. Suitable chain regulators include for example propionic acid, acetic acid,

benzoic acid, terephthalic acid and triacetonediamine.



calcul.ated residence tinme curves. 5 The alternating beds in the tubuL@r
reactor are characterized by the | ayer thickness and the packing ele ik 2007
used. The stated order of the beds corresponds to the bed sequence in the
reactor in the direction of flow, i.e., ija the upward direction. Exanple
1Bed, | ayer thicknesses in cm T=Ti 02 pel lI'éts, R=Raschig rings /21.5 T/72

R/ Bodenst ei n madhies 83 1%f2 fachles pigmehts; dfeshind Stabilidef$ breldeférally 86ded/19heR/ 149
0 32 Process paraneters: Step | Step 2Step 3Exanpl esACN: H20
(nol ar) Cat al ySYTHResHr pteE Liwes| o [pejlp4agiey, preferabht Wl e tspgond, third and fourth

bosu s nout 10515 2ot AR 33 HR0N, MRS o s e 8205550
246wi t hout 1034@fhesithe poBmedri mirtiie Xl heseneburig! fixed bed vatalhste irt therrest ot @ wer e

postcondensed in a fourth step at 250C. ~ WA =Water added into third step,
based on i fil eProsesse®m Gre r @adrqrenimpagt-modifying orubbars t m@y okfegBesspepn te 9 O N

33 Conpari son esul ts; .Exanpl X reaseshof hpal . vis i L ncr.eased
space-tine yi g?rép 65&?0%?#8%@% t‘?%a’ﬁ’a“ Jrsgrg)&chgo goe}glk?%g?\g\f%rpcefgfg{fw %P.‘Bﬁ to

t enper at ur e t BORUGHveIR, Bifse€ ah Ble)edtire ddndposiflod.. Purity of am nocapronitrile
used: 99. 5%

It is possible to use, for example, customary impact modifiers which are suitable for

10 polyamides and/or polyarylene ethers.

Rubbers which enhance the toughness of polyamides generally have two essential
features: they have an elastomeric portion which has a glass transition temperature of
less than -10°C, preferably less than -30°C, and they contain at least one functional
15 group which is capable of interaction with the polyamide. Suitable functional groups
include for example carboxylic acid, carboxylic anhydride, carboxylic ester,
carboxylic amide, carboxylic imide, amino, hydroxyl, epoxide, urethane and

oxazoline groups.

| 20 Examples of rubbers which enhance the toughness of the blends include for example:

EP and EPDM rubbers grafted with the above functional groups. Suitable grafting
reagents include for example maleic anhydride, itaconic acid, acrylic acid, glycidyl

acrylate and glycidyl methacrylate.
25

These monomers can be grafted onto the polymer in the melt or in solution, in the

presence or absence of a free-radical initiator such as cumene hydroperoxide.



Purity of am nocapronitrile used: 99% anpl eCat al yst Throughput [g/h] T(step
1)[C 1 (step 1)[C|Rel ative product 19 JUL 2002
visscosi t y3Ti Oz600240552. 03C3. 1wi t hout 15S261871. 56C3. 2wi t hout 300252901 . 30C3.
3wi t hout 460270891 .25 '0 co N O O ~J 19, Ul 2002 - 34 s W claim 1. A
conti nuous process for producing a pol yam de by reacting at |east one

ami noni trile Viht bopajreérs of affins desgribddeuridert the polytestAlacludifig espcihlly grct i ng
at least one aminonitrile with water in a nolar ratio of from1l:1 to 1:10
at a tenper at GHalene sapdpmers. 1BYEIRNRE 4SS esBIRPers finstaed f Polamers A anddepa in

a flow tube C?‘g;‘?ad :le{]&r Bfocgﬁl rcl(%negsﬁ% B?thg n\%nﬁj’é onsted acid catal yst

selected fro |cate of ¢1't ani um di oxi de packi ng

el enents and netal lic packing el ements 15 wherein the packing el enents of a
Bronsted acid catal yst selected frombeta-zeolite, sheet-silicate or
titani um di oxi de packing el enents and the netallic packing elenents form
alternating | éyém@eli group ef fsuitable elpetomers aspcatershell gadicubbais. i bese aes

furth t t t

whi Ghe i s over DR EHE A Bl 5 MGisly 4 Phite BaleOn 1630 arsa%ed? E?‘Z‘” °
bei ng sel ect egofSfordfirub@. AlHaAd 6bn§t1tf1ér[t$§ c@&ﬁnﬁgﬁsgo@ﬂﬁr Ravingd $glabd @tisiiofr a
first solid phase or a mxture of first sol and first Iiquid phase, and

the first gasiopmestueofgspeash2E, trhilma paft constituent iqu pplmmexf havieg scglass phase

h f.f h
Phe frret | | qfritiis $Rberpture ol ey HRALC Tet BORRE paPEe sl by T 0
and first ol bfla pdrassd ¥ 1kdst ancORsSIEAbS sthlchlre Belhgl et of BHETHE ingviNe Be at a

tenperature from 150 to 370C and a pressure fromO0.1 to 30 x 1 O6 Pa to
obtain a prodmepomesstase @dded. e Foft cppesptuentggre generally derived from butadiene,

isoprene, alkyl acrylates, alkyl methacrylates or siloxanes and optionally further
comonomers. Suitable siloxane cores can be prepared for example starting from
cyclic oligomeric octamethyltetrasiloxane or tetravinyltetramethyltetrasiloxane. These
15 can be, for example, reacted with y-mercaptopropylmethyldimethoxysilane in a ring-
opening cationic polymerization, preferably in the presence of sulfonic acids, to form
the soft siloxane cores. The siloxanes can also be crosslinked by, for example,
conducting the polymerization reaction in the presence of silanes having hydrolyzable
groups such as halogen or alkoxy groups such as tetracthoxysilane, methyltri-
20  methoxysilane or phenyltrimethoxysilane. Suitable comonomers here include for
example styrene, acrylonitrile and crosslinking or grafting monomers having more
than one polymerizable double bond such as diallyl phthalate, divinylbenzene,
butanediol diacrylate or triallyl (iso)cyanurate. The hard constituents are generally
derived from styrene, o-methylstyrene and coplolymers thereof, preferred

25 comonomers being acrylonitrile, 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 hard shell. The incorporation of functional
groups such as carbonyl, carboxylic acid, acid anhydride, acid amide, acid imide,
30  carboxylic esters, amino, hydroxyl, epoxy, oxazoline, urethane, urea, lactam or

halobenzyl groups is here preferably effected by the addition of suitably



2. A process as clainmed in claim1, wherein step (3) is perforned in a flow
t ube cont ai ni ng packing el enents of a Bronsted acid catal yst sel ect4d jmomz
bet a- zeolite, sheet-silicate or titanium dioxide packing el enents and

metal | i ¢ packi ngs wherein the packing el eaents of a Bronsted acid catal yst

5 selected fram heta-zeolite, sheet-silicate or .titanium di oxi,de ki n
el enents and URRAIZPY i rRORRERAKS rgg‘n&ge nlfcgyrfl?ﬁzrﬁl%ﬂ térﬁﬁnaﬁtg Sﬁﬂeesr“g%&ﬁ tge
flow tube. 3. afh RERGSSPmRTombRABEE fr EXApTR haRiic foid, MILiB GRhRRAB! idhd1g t he

followi ng step: to (4) postcondensing the product mxture at” a tenperature
from 200 to 350OCiastetsaoprmakicr acidi tint-bugyll ¢meth)dchdate,t erybic easidy egliaiddt ep 3,
the tenperature and pressure being.selLected sp as. to obtain a second,

vva]t _e;l - ﬁnd ar‘rﬁ‘ﬁﬁg}i‘_—‘:@%ﬂ‘ gqﬁ@'?%gﬁﬁaﬁe i@og%&fdgg“qmﬁﬁﬁav%g t@%?éoad
solid phase o : : thifMpiC
cach compr | se PR RR Sar A AR ALk, o B ehe Pl Sl e

]PO: ?/am: de b%/ ra:gegﬁongo.?ﬁ td éa%tb)pweighmbamdimrmé mtmwéighn/_aife]pei cmrefsrhngl gaftig t he
2ol ar rati oRber dbivgicht {00! 10 b CBRYLTEL eEeH i Ben e BB o
pressure fromf.doqt0 g@thr i : > cont ai ni ng packing el enents
of a Bronsted gcgfg légl'gcgﬁr?/bsl% se Igtg%gbgg??rg%vgbﬁbg?%eol ite, sheet-silicate or
25 titani um di oxi de packing el enents and netallic packing el ements wherein
t he packing elenents of a Bronsted acid catal yst sel ected from

bet a-zeolite, .sheet-silicate or tifaniumdioxi de packing el enents an 109
J UL 200% - Sgeh mseéerﬁewaqcbie@hwe@%ou@%ﬁﬁf Pobyamydes| & KIAVIRST IS8P8E s i n
the fl ow tube N i E({gnﬂg re, (2) further reacting the
reaction m xtgersgmé%a%;@gr#%%@?ggﬂfég a ollé!a pressure which is | ower than the
pressure in step 1, the tenperature and 5 pressure being selected so as to

obtain a first gas phase and a first liquid or a first solid phase or a
m xture of first solid and fi . i qui hase, and the first gg; phase is

St qui d,
separat ed frofh PHBETTPUR O wtatrﬂa napaqiim%def?fgwe&hme@st&frpqlwéteme QPErSof
first liquid j.r I a ( ensing: L RsEs |1 qui d
or the first 26(} ?sgérp%%ssg)moéggt g %1@%?%?% o‘f"l"ilgg?ﬁ%@g% ?g*&@%‘%?"{’% FIZa:m solid
phase at & t esggmeatsugendralbmd2iedt froBb @Glyéalklylenepreatises uglpcoltyi aid isbort-chaar t han

h i : . N
the pressure slegm%;[lt%,p dezrivetdhgom low molecular weight diols and dicarboxylic acids. Such

products are known per se and are described in the literature, for example in US
3,651,014, Corresponding products are also commercially available under the names
of Hytrel® (Du Pont), Amitel® (Akzo) and Pelprene® (Toyobo Co. Ltd.).

20
It will be appreciated that it is 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 and decomposition by
ultraviolet light, lubricating and demolding agents, flame retardants, dyes and

25  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.

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.



tenperature and pressure being selected so as to obtain a second, wafer 00
and ammoni a- conpri si ng gas phase and a second |liquid or second solid ph@ég
or--a m xture of second liquid and secondzfolid 15 phase, which each

conprise the polyam de. 5. A process as Clainmed in any of clainms 1 to 4,
wherein the tenperature and pressure in step 1 or in step 3 or both in step
1 and step 3 are selected so as to obtain a liquid or a solid phase or a

m xture of |iqudg; i ,@@a&@ a8 aﬁﬁﬁ BRISE thgngageous
phase is separ at@ﬁgﬁ?ﬂ&(ﬂ% rocess as C gigrre ?{ﬁl any (’)fsgegﬁ)éi msl% to 5,
wher ei n t he t GidnérumddHoMidker,pRaskbenpued dereKtusststafifiridiive oCarli HahseroWpldgsi ng
from70 to 100% by weight of atase and fromO ta 30% by weight of rutile
and in which 8#% \éag@é‘ﬁ%}o %%ﬁ@iegﬁ&st B?Pet"‘i”?g FYPS iE}E’PS’i’téi‘%/E% jonsd &epl aced
by tungsten oxhferp; Ogxide. 3, ] i tA.\any of
clains 1 to 6, mg}gg}eégasthc#éagsztg{& o%xéaedf %ch%l%%é%ﬂgggge @Elt)gl:(%gegpﬁrg I-tr} e
respective stkthspons, amoymyedhitntued dtanjueadioxilee Offthe tveo prosicesthmon stysfas. 5 8.
A process as clained in any of clains,1.to 7, .wherein the amnqnitrile
reacted is anpwaﬂxipﬂwuu% AN ﬁm‘gnéimﬁwe%len@newp(e?@w—f’yr of
from4 to 12 I : AoLRe d ol :having from8 to 13
carbon at ons. .a.?%\fﬁg?g%g%gpgéﬁ{él al n@d%@%ﬁ@éﬂgﬁ%zﬁwﬁ?@?to 8, wherein the
following m.Yture is |10 used: fromb50 to 99.99% by wei ght of

6- am nocapronitrile, fromO.01 to 50% by wei ght of at |east one

di carboxylic acid selected fromthe group, consisting,of aliphatic

C, ~- O o- al%~-Bladls pigaensyinick can be ysedacsprdingctocthe mventinneae i 9%ide blagkys and

CS- C8- cycl oal [ ' i 9 mi&hgh

a, W di a?/ri ne havi rfg’ %ﬁﬁ%o@éé%ggé‘@trmzdd;r om %Ssgg%gojgy wel g%ft %af@%ﬁse

a, W CZ- C~~- di dibtide,|sdljcoaniibxfideomdOirdm 0108} bgbalteh] gt andfandmoay \Mack-abtl alsari no
acid or of the correspondipg |act 2. fromO . to 10% weli of at |east
one i nor gani P ]é’rprgfglla%’{}‘b ﬁ@s%‘bgg%H@“?%’di‘@?%éﬁseﬁ@?tg%fo%‘%?éﬁ?%%
adding up to . A : : ; y A . /

A nst. A A Ry PRI S AR Ry Y g (L0

. AA ynA. SSAL. RfA3I . AU3

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

20  commercially available.

It can further be of advantage to use the abovementioned pigments or dyes in a
mixture, for example carbon black with copper phthalocyanines, since this generally

facilitates the dispersion of color in the thermoplastic.
25

Oxidation retardants and thermal stabilizers which can be added to the thermoplastic
compositions of the invention include for example halides of metals of group I of the
periodic table, e.g., sodium halides, potassium halides, lithium halides, optionally in
conjunction with copper(l) halides, for example chlorides, bromides or iodides. The

30  halides, especially of copper, may also contain electron-rich p-ligands. Examples of
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for this purpose. The mixing elements used are 3 mm Raschig rings or TiO,

10 extrudates (diameter 4 mm, length 5-10 mm). Water is pumped through the flow

tube at a rate of 600 g/h using an HPLC pump.

Methylene blue (0.05% strength) is used as tracer. The tracer solution is fed to the
reactor inlet, again at a rate of 600 g/h, via the main feed line. During the injection
15 of the tracer solution, which takes 1 minute, the feed of the tracer-free liquid is
interrupted. Samples are taken at the reactor outlet at intervals within the range

from 3 to 5 minutes. The tracer concentration of the samples is determined via

absorption spectroscopy.

20  Characterization of the residence time distribution through calculation of the

Bodenstein number

The purpose of the analysis is to characterize the measured residence time
distributions, so that the effect of the mixing elements can be compared. The
25  average residence time t* and the Bodenstein number By, which is a measure of the
width and shape of distribution time curves, are suitable parameters here for

demonstrating the dependence of the residence time behavior on the mixing

element.
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15 where u is the hydrodynamic flow velocity, L is the path length, D is the dispersion
coefficient and D is the hydrodynamic residence time. The shape of the residence
time curves depends on the axial dispersion and is thus a function of the
Bodenstein number. The larger the Bodenstein number, the more the flow in the
reactor corresponds to an ideal plug flow. By fitting equation (1) to the normalized

20  response functions, the appropriate values are obtained for the (fitting) parameters

By and 7.
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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.
15

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 | of 20% strength NH,Cl solution at 80°C/2 h and

the product was washed Cl-free. Drying at 110°C was followed by 5 h of calcination
20 at500°C.

Catalyst 3 Sheet-silicate type K10®

K10® is an acid-treated montmorillonite from Siid-Chemie. It has a BET surface area

25  of 180-220 m¥/g and an ion exchange equivalent of 40-50 meq/100 g.
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Catalyst 6 Titanium dioxide/tungsten oxide catalyst

The catalyst used was obtained by intimately mixing the commercially available
titanium dioxide VKR 611 (from Sachtleben) with tungsten oxide and subsequent

extrusion as per Example 2 or 4.

15 It has the following specification: 20% by weight of WO;, 80% by weight of TiO»;
BET surface area = 73 m?g, total acidity (pKa = 6.8) = 0.56 mmol/g; total acidity
(pKa=-3)=0.035 mmol/g.

Inventive Examples 1-3

20
i

The table shows the improvement in the residence time distribution, i.e., the
reduction in axial backmixing, obtained through the use of TiO; pellets (catalyst 4:
extrudates 4 mm in thickness and about 7 mm in average length). Compared with
the pure TiO, bed (Comparative Example C1) and the TiO, free bed of the Raschig
25  ring packing elements (Comparative Example C2), the residence time distribution

of Inventive Examples 1 and 2 is narrower, i.e., the Bodenstein number By is

larger.
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The alternating beds in the tubular reactor are characterized by the layer thickness

and the packing elements used. The stated order of the beds corresponds to the bed

sequence in the reactor in the direction of flow, i.e., in the upward direction.

Example Bed, layer thicknesses in cm T=TiO; pellets, | Bodenstein

R=Raschig rings number By
1 215 T/IT2 R/ 197
2 Tx(15.5 T/5.5 RN)/23 R/ 173
Cl /95 T/ 86

C2 /95 R/ 149
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5 We claim:

1. A continuous process for producing a polyamide by reacting at least one

aminonitrile with water, comprising the following steps:

10 (1) reacting at least one aminonitrile with water in a molar ratio of from
1:1 to 1:10 at a temperature from 90 to 400°C and a pressure from 0.1
to 15 x 10° Pa in a flow tube containing packing elements of a
Bronsted acid catalyst selected from beta-zeolite, sheet-silicate or
titanium dioxide packing elements and metallic packing elements
15 wherein the packing elements of a Bronsted acid catalyst selected
from beta-zeolite, sheet-silicate or titanium dioxide packing elements
and the metallic packing elements form alternating layers in the flow

tube, to obtain a reaction mixture,

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

20 pressure which is lower than the pressure in step 1, the temperature
and pressure being selected so as to obtain a first gas phase and a first

liquid or a first solid phase or a mixture of first solid and first liquid

phase, and the first gas phase is separated from the first liquid or first

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

25 (3) admixing the first liquid or the first solid phase or the mixture of first
liquid and first solid phase with a gaseous or liquid 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,
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2. A process as claimed in claim 1, wherein step (3) is performed in a flow

tube containing packing elements of a Bronsted acid catalyst selected from
beta-zeolite, sheet-silicate or titanium dioxide packing elements and
metallic packings wherein the packing elements of a Bronsted acid catalyst
5 selected from beta-zeolite, sheet-silicate or titanium dioxide packing

elements and the metallic packing elements form alternating layers in the

flow tube.

3. A process as claimed in claim 1 or 2, further comprising the following step:

10

(4) postcondensing the product mixture at a temperature from 200 to
350°C and a pressure which is lower than the pressure in 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

15 second solid phase or a mixture of second liquid and second solid

phase, which each comprise the polyamide.

4, A continuous process for producing a polyamide by reacting at least one

aminonitrile with water, comprising the following steps:

20

(1) reacting at least one aminonitrile with water in a molar ratio of from

1:1 to 1:10 at a temperature from 90 to 400°C and a pressure from 0.1

to 15 x 10° Pa in a flow tube containing packing elements of a

Bronsted acid catalyst selected from beta-zeolite, sheet-silicate or

25 titanium dioxide packing elements and metallic packing elements
wherein the packing elements of a Bronsted acid catalyst selected from

beta-zeolite, sheet-silicate or titanium dioxide packing elements and
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10 first liquid and first solid phase at a temperature from 200 to 350°C

/

Rol

and a pressure which is lower than the pressure in step 2, the
temperature and pressure being selected so as to obtain a second,
water- and ammonia-comprising gas phase and a second liquid or
second solid phase or a mixture of second liquid and second solid

15 phase, which each comprise the polyamide.

5. A process as claimed in any of claims 1 to 4, wherein the temperature and
pressure in step 1 or in step 3 or both in step 1 and step 3 are selected so as
to obtain a liquid or a solid phase or a mixture of liquid and solid phase and

20 a gaseous phase and the gaseous phase is separated off.

6. A prlocess as claimed in any of claims 1 to 5, wherein the titanium dioxide
packing elements consist 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

25 weight of the titanium dioxide may be replaced by tungsten oxide.
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is an w-aminoalkyl nitrile having an alkylene moiety (-CH,-) of from 4 to 12

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

9. A process as claimed in any of claims 1 to 8, wherein the following mixture is

10 used:

from 50 to 99.99% by weight of 6-aminocapronitrile,
from 0.01 to 50% by weight of at least one dicarboxylic acid selected from

the group consisting of aliphatic C4-Cjo-ct,0-di-
15 carboxylic acids, aromatic Cg-C),-dicarboxylic

acids and Cs-Cg-cycloalkanedicarboxylic acids,
from 0 to 50% by weight of an o,-diamine having 4-10 carbon atoms,
from 0 to 50% by weight  of an &,0-Cy-Cy-dinitrile, and
from 0 to 50% by weight of an ¢,0-Cs-Cy2-gmino acid or of the corresponding lactam,

20 from 0 to 10% by weight of at least one inorganic acid or salt thereof,

the individual weight percentages adding up to 100%.



