;e3eDL(6PTXd}' 0 7 AUG 2002 rl bbl bb' AS ORI G NALLY FILED s Production of

pol yami des This invention relates to a process for producing polyanidﬁz@ﬁgzmz
pol ynmeri zation of lactans in the presence of netal oxidas.@s heteroge

catal ysts. 0 The hydrolytic polynerization process is one of the nost

i mportant ASOORKANALLYPFOHEDI ng pol yam des from | c catal ysts
are known to speed up the | actam pol yneri zati on. mmmmmﬂ”mmrc t he use

of nono- and bifunctional acids in the hydrolytic polynerlzatlon of

caprol actam for the purpose of charn regulatron has the advantage that t he
space-ti me—yiete y oJare y .
EP-A O 462 476 concerns the use of dicarboxylic acrds in nylon 6
production. However, acidic conpounds, such as terephthalic acid, adipic
acid or5isophthalic acid, reacPraduetiorofpolyamidesroups of the ' o

resul ting polyner chains and thus have a decisive influence on the nunber
of end groups avail able for condensation and on the rate of the

pol ycondensati on. The ampunt of reactive acidic requlator which can be used
is therefore limted by the desired final nolecular weight and the required
space-tine yield when condensing in the nelt and in the solid phase. ?s
Aci di ¢, condensati on-capabl e regulators reduce not only the space-tine
yield of tABISHBYSRHER rezlater tha pracess lep Produciagipalyamides by Fobymeringaien gf lactamss
conprom se L d especially of nylon
fibers, si nctgg %&gg%fgte%% Edegﬁf Réter%ﬁr%eg) I ggggly?tpe in binding dyes to the
polyner i N numer ous appllcatlons 2 0 7 AUG 2002 GB-B 1 148 508 proposes
addi ng Geidic salts, such as TiClZ, AlCl3, SiCl.~ and Fed 3, to the
reaction mxture to ,speed up the hydrolytic palymnerization process. 5 DE-C
2 554 788 HBHthVErMYtiq PoligreriAation IRgass | IS o/l &4 %rorzostvzmonaer aocasrre-forcuo)

ander he BONRETROp s for ke A G Bt R ik e I

used i n anpepmeritatiohom 0.1 to 50% by wei ght, are dischar ged fromthe
reactor together with the polynmer nelt and

15 For instance, the use of mono- and bifunctional acids in the hydrolytic polymerization of
caprolactam for the purpose of chain regulation has the advantage that the space-time yield
can be improved compared with base-regulated polyamide. EP-A 0 462 476 concems the
use of dicarboxylic acids in nylon-6 production. However, acidic compounds, such as
terephthalic acid, adipic acid or isophthalic acid, react with the amino end groups of the

20 resulting polymer chains and thus have a decisive influence on the number of end groups
available for condensation and on the rate of the polycondensation. The amount of reactive
acidic regulator which can be used is therefore limited by the desired final molecular
weight and the required space-time yield when condensing in the melt and in the solid

phase.

(8]
W

Acidic, condensation-capable regulators reduce not only the space-time yield of the
polymerization but also the amino end group number and thus compromise the dyeing
properties of polyamides and especially of nylon fibers, since amino end groups play a

leading role in binding dyes to the polymer in numerous applications.
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remain in the polymer. The disadvantages,of using the abovenentioned salts
and netal 10 oxi des depend on the type of catal yst. For instance, tﬁp7ﬁmgmm
product may discol or or the mechani cal and rheol ogi cal properties of the

pol ymer may deteriorate badly. It is also known that the deterioration of
the property profile of the pol yners becones noticeable in spinning

appl i cati 068-Rtl M8ri08Iprupasas addisg acidicfsaltd, suchcasnGi€iy, RACI; p$iC]y dridl PAT12 36 the66

proposes the use of a catalyst, system.which i.s conposed of cal cium

car bonat e, reBQFqW@HFF%fl@CQ%‘B%M%WHC RPlliyE’ﬁ“F%noé‘g’S{?"é’ésw th a silica gel
ester mxture to prevent discoloration of the end product. In this case too
the catalyst remains in the product in an amount from2 to 10% by wei ght,
whi ch again has an adverse effect on processing and product properties in
the case ODESpPi2nfi4ngsspidntions tendsel of thamidtaudxddes P, MV, ©QVEFOMMMKO2 TG, he
abovenenti gned catal ysts and_cat al yst mxéq%;fs whi ch contain netal oxides

and r emai nCrRA2t$RO%»AYoBs 8ad WV Os dn dinebn dividedefoymprsopatalstadontiopally dndemibat

instabilit J . i J e
nown 1o phdiihel Q1o oA RRIR radR B THOGRR G0 wHi PG W (ke 65 01
degr adat i oto 3% tbigewpighty nes dis2harpéd fionatheateh@ot tagkthehevithr $is euilymavmaltiand t o
provi de a process for produci ng pol yam des fromlactans with an i nproved
space-ti neeyidd) B BRPAYBFovVid cgéﬂdy 855l WHPE S APV STBEHIONRR Falts ARl meta

abovengnt i ~r S35 r; i i f ed.
0 7" ALY 20000 RENE B SR E/rR NPT R iORE B2 O RO KREPERI S
i nvent i on taychanipaloares sheébtogi¢al qaomsrties pbtheapolgt@sr may pdeteriveate ZAmidiyorit &f also
| actanms in the presence .of netal oxides as_heterogeneous, catal ysts,, which
conpri ses ¥NETBHRS Q%_fea@gan_se ioggle@eaerrynpraﬁ RIS RP oS hetfraneda)
removal fr@%ﬁﬁﬁ@@ﬁ@&wnﬁ@t Oérg%W%aﬁth Ml@gé&@ﬁ%ﬁ%n@”mthe > reaction

e course of or

mxture in't n conpleti on of the polynerization. The
catal ysts can be used in the formof pellets, extrudates, fixed beds or
catal yst-coated packing elenents or internals. The use of netal oxides or
nmetal oxide m xtures as fixed bed catalysts in the to, pol ynmerization,
react of silghi #1Uc4A6 | RFoRpsEE dae uﬁetcrfeaneﬂtaﬁmsaﬁtewew&mh bﬁncwaaaseéoﬁéaﬁlewmmm

no fixed a i I i Zat ]

avant ageaiiyolf baifin RENE oA 267 hnd WAERAREOLOE Wi SREA £ 400 e o

cont ent. Thevenedistdlomtion af theend praslapiairathésccabe wiothdeatagstabmysins imtherpraduct
before or ,after att?in nt BJ 15 the desired. final v%fé?os%.g%. To produce
pol yani de 1AEBGFYNRGITER £ H LD h/BhFrght vareh ReribiahEhaReErs L5t 6B A5ReSTRE i zed
:anggienggt%ig?%uetfprbﬁ'&ﬁ@ﬁﬁ'hé’éés% o?EpihHi’?xg 'aBﬁﬂ?d&Eibﬁ’s‘ln plaﬁic%lali’.r eferred

20
Moreover, with all the abovementioned catalysts and catalyst mixtures which contain metal
oxides and remain in the end product, a comparatively pronounced light and heat
instability has to be assumed, since uncoated, reactive metal oxides are known to possess a
pronounced photocatalytic effect and to speed up the degradation of the polymer.

25

It is an object of the present invention to provide a process for producing polyamides from
lactams with an improved space-time yield and improved polymerization economics

without the abovementioned product and processing properties being adversely affected.



the process of the invention, the starting nononer used is E-caprol acﬁf?rRUE 2007
Her ei nbel ow 20 ' ' caprol actamt is preferably "e-caprolactant. As
het er ogeneous catal ysts there can be used known netal oxides, such as

zi rconi um e have fahndrithat thisxobjest isnagirievsduaacesding: 1o therinventioni bie 2 praeashfomm
id d f bly ti. I i oxid | so. bet a- l it d .

oheet - o | i RigauEhe Balaiidfiogy Bplteianich BE ot i Beyienee, of indlhl oxiicteas o

the anat asseté@gfﬂeoimataiy%@pwﬁem&&ﬁ'ﬁ’s%sitﬁe Beed] xad¥s Yoetlg L&AST 4 |@c|9/ﬁrbwvhich

wei ght, particularly préferably at 1east 90% by wei ght,” especi a
essent i al | peroutyphechanigal iremoval faomt thserepetion mekiure: and)diejngz eerhoveds framd tidoped

met al oxi des,.. exanpl es gf dopant.s_used bei.n thenium co r or .fluoride,
have al’so BRUIPBENIC i H5 SUREQT 27 8B SemBIeHah oE the ol satvation | The RRAYSEEN o
of the reagd @Rl $n {HRTFoin? BEPellet) ik Ress fked Vet Dr 4t8ly iSRRI A ¥ind @ldnRinedd e
for the fact that they are Bronsted acid. According to the invention, the
het er ogeneiatesnalsat al yst has a nmacroscopi ¢ form whi ch pernits nechani cal
separation of the ,a 0 7 AJG 2002 polyrmer nelt fromthe catal yst, for

exanpl e by neans of sieves or filters. The invention proposes the use of
the catalyst in extrudate or pellet formor as a coating on packing

el ement 5. “Fyd fhsAngt Bl BRRRE B merdiNdaCRLS TR LAUIDIRNERUS! ¥

di ssol ved acidic cocatalysts or a mxture o erent catalytically active
conpourdds palymérezapive yeanter significentisb opeedenipi tha edoleatlaer vgigbe dusldemicainpates .

The cocat al ysts .us re preferably acigdic catal ysts.selected from organic
mono- —and WL B6RY PRESabaCoein By ROt BohaReizept iagadrirapRer
thereof , fircafrieainau @t feifccRempamRnire AnerdeedReat doated€i ds, terephthalic
acid. 1 o adipic acid, propionic acid and isophthalic acid, or

oxygen- cont ai ni ng phosphorus conpounds, especially phosphoric acid,
phosphorous acid, hypophosphorous acid, their alkali metal and al kal i ne

earth net salts and anmmoni um sal.ts, .or oxygen-containin ul fur
Compounds. TEBEI0RI FIXGRIF APRAEREE LG SR MARAAEF e SE RHAAISRRR Of of
the i nuentthOesired BRhIGHs@sidpr ef erably continously operated. The nononers and
the desired conobnoners, the chain regulators and the catalysts are nelted
and m xed either in the polynerization reactor, preferably prior to heating

to the reaction tenperature. or in a separate makeup vessel prior to being

introd into,th tor. The. tent of .1 tarti 1 Xt [
W thi n thels BT BITARE 60 Bpeatt gRT . SrBIogr 8 JoRPERFIEE 25 aRye

from O to dopsserizB@ih tHeBréen¥Edht catBBkfsiof teahlshtioh Sinel prefeyrediehibolintdhe of ange
fromO0.00 to 1 %by weight. The way the process is carried out according to

t he i nventthopracass dfethehiaventiony ithee statiingt mopmmert useé-is ierrapeniattan e Heretrbelovre

rofiles, which depend gn the reactants and catal ysts
P 20 ’caprolactamp’?s pre?erablye’s-capro}actams’. Y

As heterogeneous catalysts there can be used known metal oxides, such as zirconium
oxide, aluminum oxide, magnesium oxide, cerium oxide, lanthanum oxide and preferably
titanium dioxides and also beta-zeolites and sheet-silicates. Particular preference is given
25  to titanium dioxide in the anatase form. The titanium dioxide is preferably at least 70% by
weight, particularly preferably at least 90% by weight, especially essentially completely, in
the anatase form. Silica gel, zeolites and doped metal oxides, examples of dopants used
being ruthenium, copper or fluoride, have also been found to provide a considerable
improvement in the reaction of the reactants mentioned. Suitable catalysts are especially
30 notable for the fact that they are Bronsted acid. According to the invention, the

heterogeneous catalyst has a macroscopic form which permits mechanical separation of the



35 used. The time dependence of pressure,and tenperature is directly 7 AUG 2001
dependent on the progress of the reaction. on the desired nol ecul ar m@igm{
distribution, or the viscosity of the end product, and on the anount of

wat er to bpolymemmel ffanoithe easalyssafari examplecby meansTolosiaves e Ufilters. iBieginyetdionl dup
can be inproved if the é actiqn m_xt ur assqékﬁ uentially 30 through a

ol ural i ¢y, BPPORES e st e casplye Ty adrudatéior Rlieh IO P of arfioafip oBgRacking

par anmet er dphegsure, tenperature and residence tinme) settings. The pressure
and tenperature tine ' S 0 7 AUG 2002 courses within and between the
phases are not necessarily constant or discontinuous, but can al so change
nonot onously and conti nuously, respectively. 5 Two-phase process

Preferably, the pol Jdzation is carried qut.in at |east t phases . Qr
stages,’ t @ FRQHRgr g%ﬁ%émsaf, n@e afRmed SRACtInYd B‘?P‘%geé’\?a‘ﬂ%ﬂ\%%t@ r%’“g‘E
whi ch the i | bl : : i

pr esent asgogﬂg%\tgl%é%?qw d Dgﬁggg&gn%%%ﬁeapéggﬁ ‘g agg prgfg{r:%%%%%h%e %e| f]g
carried outbomsnentjpoed dettegsmou catatydts: Eheprcosaalyss wisedi are t preferzbigeacidiom

0.01 to 10 105 d the het .al yst . ) t

e o gt i e S BRI R R 5 Tk

reaction taiRGEAN&L, tf&%feﬁ%?& RO aBb¥drrfiohéd E%G}Eﬁ% ﬁdé'@@hﬁﬂ}i@%@ﬁ“r es
| o p he | ow

in the first phase and at pressures 1 n the secon ase.
pressute Eigie andupepiondnacal anfl ishphtbalic ewiiat oronxpgenceontainihor pieesphdie

phases may be t technpically jinplenented in a si.ngle reactor. If fhe,
Feact on SETPnGRe STRECRHY EIVEAEH FGHRIG5PRE, B¢ hYaceRpibka B i dbeir y s
is to takephiagRel @i Rt ﬂ@tapfiﬁﬁseaﬂc[”a)bmo?ﬂﬁﬁ's%ks,s@rpéi_@éeh%n?{]neiﬁ%gt N

phases is advi sabl e. the production phases are to be separate,

oxi de cat auifet conspounds, espeioiajly sslferi¢ aci@ and sidfuroussicidor oduct i on phase, since
the reaction m xture has a conparatively |ow viscosity during the first
phase, allowing a nore effective separation of the resulting prepol yner
melt fromthe catalyst. In this case, the necessary separation of the

converked THRabdedd offthe! il ntlond9 bl dr' prefrdd® coritndlisty tog%x%dkeﬁfs TRE #Ghokfts

exanpl e by transferring the reaction mxturée into a se reactor which
does not @odtla desaed camdndreersctat ahgigtregiihtioss 21 tberbatdiyssrare hedted hed adveit age
of good contact of the reactants wt cat all%st st‘uorst[’lace. .l n _anot her

t.ne
pr ocedur e *'tHe" FlEaW?"BF\“%ﬁ‘B?PG?aétqrsP’ﬁFeé hPTIPTIO RS fodhe FAGHRR M8 Ese as
a gaseous ok ifialsdbatOmBRAPS. 333 bABA 1ol BRirk iB8BMREd [RE SeXeactdNThe dmtet RbAYER!
present cannot be exchanged, so that the nol ecul ar weight buildup is
restrict e@f B siareng mixturenkstwithin ¢ range &pm 0 to 20% by weight, preferably within the
20 range from O to less than 10% by weight, particularly preferably within the range from

0.005 to 1% by weight.

The way the process is carried out according to the invention can be characterized by
temperature-time and pressure-time profiles, which depend on the reactants and catalysts
25  used. The time dependence of pressure and temperature is directly dependent on the
progress of the reaction, on the desired molecular weight distribution, or the viscosity of

the end product, and on the amount of water to be removed from the reaction mixture.

The molecular weight buildup can be improved if the reaction mixture passes sequentially
30  through a plurality of process phases or stages each having different process parameter

(pressure, temperature and residence time) settings. The pressure and temperature time-



30 the polynmer nelt and by the gas vol ung. Subsequent phases, especi lKU@UUZ
post condensati on of the product, are preferably preceded by a separa ilo

the reaction mxture fromthe 6 0 7 AUG 2002 fixed bed catalyst, for
exanpl e bycctumasménm iand) betveren nheephasds ateendtmeeessardycahstat- drrdiscontingousy but

o the pr ceA endd B0 e A Roplh i BB opt ol n ' hi gh mol ecul ar

wei ght in the production of polyamde. In this case, it is again

advant ageous to separate the prepolyner nelt fromthe fixed bed catal yst
prior to the polvcondensation - at |ow pressures - to the desired final
viscosity. In a preferred nethod of producing polyam des using very little
wat er, the fast phase of the polynerization is carried out at el evated
pressurse i Pwa-phaseé frbceskstem with the reaction 1 o mixture present as a
single liquid phase or as a gaseous-liquid two-phase system i.e., wthout
renmoval of condensation products, and the subsequent phases at | ow
pressures - for postcondensation If the reaction mxture is react ed in t he

resence ed .bed .cat al.yst .. the .th bul k 15 te eratu

e S St R e PR B PR R

Wi thin t heoe'i &€riéd 6NN BAPr b0 eROREd pRAGIrE %ﬂ{vﬁfchkh@fe%ﬁ‘érﬁﬁhm (fekabébt tf&ethé ange
rom 0 e lower tenperature |imt here also depends on

f 230 t I?]800 The | t t I t d

degree of mmrgmpomcataimsthmﬂpmerﬂm awsingle bamd @haseoandtﬂne lags| Staﬁespmfﬂabzb

| 'i qui d-sol,i d hase tran5|t|on .0_be,absol ut el i ded

bed calfa) yEng G 368 POt ETikon PR AR EWe SRS tetanis HBRP A tndGr | ne
range fro t 0C,
particul ar 03%8% etl?i@%ero e%lu ﬁEaff lggt?g%b HF%%P%%@ to 288%:“%2@8&&?9@%
vessel s usesk, after bemﬂngctowhé ldegited neacnmhynsmpamnm ith¢ reastisn aiixturgvisy reastet at

mammzethectal st sur e area av ble to all] yol une el enen f the
react or Al RESTeS 1 the Ot st T PO PrsEen Py ie SEamde e T bt %t og

to inprov réﬁ&e?ﬁ@%ﬁm@&eﬁ@?&to?@ﬁtscﬁideﬁﬁﬁoﬁi}o’ﬁlul‘t%tfoﬁh@d( IHE phAses S, be
Exanpl es herei nbel ow show, a viscosity sufficient for many applicati‘ons can
be achi evecthnmatlhenpkeaieemdrleacmngim rwtmefﬁ the egactiont hbthe meagttonomiawsah ithn,

I.e., by r{)‘?&%grslceogf t%o £ Kedybe% cata?ys?qsu (t:c;[ Itag(n prl’ace in one production phase only, spatial

separation of the phases is advisable.

If the production phases are to be separate, the metal oxide catalyst is preferably used in
20  the first production phase, since the reaction mixture has a comparatively low viscosity
during the first phase, allowing a more effective separation of the resulting prepolymer
melt from the catalyst. In this case, the necessary separation of the converted reaction
mixture from the fixed bed catalyst takes place for example by transferring the reaction
mixture into a second reactor which does not contain a fixed bed catalyst. This

25  embodiment has the advantage of good contact of the reactants with the catalyst surface.

In another procedure, the reaction mixture is present in the first production phase as a
gaseous-liquid two-phase system, in a sealed reactor. The gas volume present cannot be
exchanged, so that the molecular weight buildup is restricted by the given water content of
30  the polymer melt and by the gas volume. Subsequent phases, especially a postcondensation

of the product, are preferably preceded by a separation of the reaction mixture from the



Thr ee- phase process 0 7 AUG 2002 In anotRer preferred enbodi nent, then7 UG 2007
reaction mxture is reacted in three phases. A first high pressure phasé,

in which the reactants are present as a single liquid phase, is followed 5
by a two- pHggsebad eptalysntefos gramplsdyetransfearing e rinteEnediate inthiactatastrifacyescsoroyal

of condensahh&g products. In a third, |ow pressure phase, finally, the
desired degree of polynerization is achieved by postcondensation and
efficient water renmoval. All the production phases descri bed above can be

i npl emented in a single reactor, in this 1 o enbodinent, too. Preferably,

the reaction m xture to be postcondensed at |ow pressures is transferred
into a reaBy pelymsriging thhilatiams withtlessytban { Yok, ngt ehwatey én thespresemos efithe

hani cal | y,, for. le b f fil i d/ ' ..In th
oot oot et Al B STPls o, i & Bk SholbbiniSenth e nBH N, St Ehigedn' "°
reaction tihiy Sdskt i€ agfih advanfaBediBIt8 Rp@tieSte frERIBHEPRleN BEm RE thixed Sed

postcondensed at pressures which are preferably within the range from0.01
to 10 x 10eatabyst ppar toithe palvicondenedtionatik jowprepsunest-He thexdrgived finahvigosity. 300 x
103 Pa. If_desired. ., an Lner as_can .he sed over the product . m xture.
The dur at 1RGP hesnglel BEtAreEond e, B8R R Ve elfi, 86 RER PRBRS A o
the degr eepdym&PiavibEIié Z2africdnof attd)evaRa yrREJuEE inel deale@ syBEmARAh IAB G tibhom O
to 10 hour's,” 20 depending on the water content of the reaction mxture.
Very hi0ghl mixsire quessnpas pasingle diquid) phesquorras p@asesusrdighidatwaophase systens i8or e
than 10 hours. It is ssible.to carry out.th ostcandensation in th

or esence oPiis it BEHAR bR pFRl, Al O bsPRRHCRRSRIR Pk Bftstfled Br i o
prior to thstcpA&nsa@ensati on phase increases the ?5 catal yst onstream
time. Preferably, therefore, the reaction mxture is (prior to

deconpression to |l ow pressures) transferred into a catal yst-free reactor
via sieves, grids and/or filters whose filtering limt is 20 ~mto retain

the catal yI%tthearrégctgor}lu%ixscgr%airsar%aei‘:teidt inf the rf)]résggcerc?fat?l% if&re]d rgeé tcg{aFy'st, thgn the bulk
15 temperature of the mixture is preferably within the range from 190 to 300°C, more
preferably within the range from 220 tc 290°C, particularly preferably within the range

from 230 to 280°C. The lower temperature limit here also depends on the degree of
polymerization and on the water content of the melt, since a liquid-solid phase transition is

to be absolutely avoided. When no fixed bed catalyst is employed, the bulk temperature is

20  preferably within the range from 220 to 350°C, more preferably within the range from 240

to 290°C, particularly preferably within the range from 260 to 280°C.

The reaction vessels used are packed with the catalyst material in such a way as to
maximize the catalyst surface area available to all volume elements of the reaction
25  solution. If desired, the reaction mixture can be recirculated to improve the exchange of

reactants at the catalyst surface.

As the Examples hereinbelow show, a viscosity sufficient for many applications can be
achieved in the sealed reaction system even without postcondensation, i.e., by means of

30  only one production phase.



0 7 AUG 20D2 As part of the process of the invention, it is also possible
to carry out a chain |lengthening or a branching or a conbination t her ebf AUG 1002
For this r pose, known substances for branching or for chain-Iengthening
pol yrer s W&- 8€ PP€He reaction mi xture. The substances can be added
both to the starting mxture and to the reaction m xture which is

post condensed. 5 Usabl e substances are: Trifunctional am nes or carboxylic
aci ds as branching agents or crosslinkers. Exanples of suitable at |east
trifuncti dnainother peeferesd embddimght, thearzactionaméxturesis redeeed innthfee- phades3 45 fifst 8.
The at least trifunctional am nes have at |east thre m no .grou whi ¢ch
are capabliiglbpressusgephase, 11 viugh the reagtantsare ipEessRY &3 agfl“lﬂﬁ?)@ﬂ“‘%f@gsepﬂ dewBfy do
not have gpy.Carb 146G i 0 : e rdoits onal | lic
nci ds- Havetue PO gl Bt uiie H1n YpentAghiol MAUATH S BRI Y
reacti on wohbematidgie praatudtswin ch tided) lewspressare phasentiinallyr thex degited, déghed loé
formof their derivatives, such as esters. The_carboxylic acjds preferably
do not corRORMETHAOMIiaRBieksBpROSICOReNsation m@#@sqeahwwxf Kme¥aboxyl i ¢ aci d
groups. Exanpl es of suitable carboxylic acids ~ s are trinesic acid,
trimerized fatty acids, which can be prepared for exanple fromoleic acid
and can have from 50 to 60 carbon atons, naphthal enepol ycarboxylic acids,

such as nagihtHeairedwtibn Phases-desdribad abdaxadni ke inmplementdtbincasingheyreactor i s ar e
preferably defjned organic conpounds and not pol yneric conmpounds. 20
Exanpllés &mbdimns taenLreterahly, the seactommprirede Mg rosiaprdensed at lowrnrassiigs &ni ne,
especi al | Ld. L i et 1 di l. LA, Nesy e Lally

G ot byt endepsiied dhic, B 2SR B me WAy 1 AR o SRERAC s omoved
al kyl ene nmschinieslypfarfertrmbleybylreang o€ fihgrs cgrédsrand/et sieses. Fur t her nor e,
dendriners can be used as am nes. Dendriners preferably have the general
formula I ?s ~~N-(CHZ) n) 2- N~CHZ) x- NV\H2) n- NRz) z where 30 Ris H or
-(CH2~, - NR~2, where 9 R~-is Hor -(CHz)"-NR 2, where R is H or

-(CH2)"-N r i : ) - : i 1 (o] .10 6,
and x i s o e fERsRishenkH el e lipheld bdafihich bRER, HeCcridy
especital | yniduraind ts besmove prédisgete grepolyiet mel, is postteridehsed 4t ipeessiaret ovhikh
especially 2. The radicals R can also have the stated neani ngs

i ndependete Rrefsrabbywithinothp sange frase 8043010 xR Q é’aapqawrlér@éﬁre&trgw dyithgn the
-(CGrz) n- N'r_gggaf%rg 4o 10 300 x 10° Pa. If desired, an inert gas can be passed over the product
| mixture. The duration of the postcondensation phase thus initiated then determines the
degree of polymerization of the polyamide melt formed and ranges from 0 to 10 hours.

20 depending on the water content of the reaction mixture. Very highly viscous polyamides

may require postcondensation times of more than 10 hours.

It is possible to carry out the postcondensation in the presence of the catalyst mixture.
Separating catalyst and reaction mixture prior to the postcondensation phase increases the
25  catalyst onstream time. Preferably, therefore, the reaction mixture is (prior to
decompression to low pressures) transferred into a catalyst-free reactor via sieves, grids
and/or filters whose filtering limit is 20 ym to retain the catalyst and thus separate it from

the reaction mixture.



Sui tabl e carboxylic acids are those havigg from3 to 10 carboxylic achq
groups, preferably 3 or 4 carboxylic acid groups. Preferred carboxyli AUG 7002
acids are those having aromatic and/or heterocyclic nuclei. Exanples are
benzyl , naphpaypf themreese of éhe ipvgionyit is alsp PRESIIE t eathcouts ohain kengthening

het er ocycl es ,such. as_pyridi.ne. hi FGing.. indgle, fura .

t hi ophene,oe%p?u r#rhchfngq?fi ayn% %lgstloﬁh%géé{' %llp néf’ B %‘@?gﬁ’?ﬁ“ﬁ“ S ‘ﬁ?ﬁ?soio)frai’ﬁﬁgj,ng
napht hal ocytdpi ¢hain-Rhgthefiap gelynsergaréaddédtoIhdredctidn MR NYhd QibsBeasan bei C
aci d- pht hal ocyani ne, napht hal ocyani ne, 3,5,5',5"-bi phenyltetracarboxylic
acid, 1, 3,a5isiv3/ Rebhiohtle estasting maisbrd eng te thexrqagtiorp M’,Ctatepwz-lchi inenostcoaddnssd/| i c
acid. 3,53 .5 -bipyridyltetracarboxylic acid,

3,53 %5' -@S@Hgéﬂﬁ%%ﬁé?%tracar boxylic acid, 1,3,6,8 ?0
acridinetetracarboxylic acid, particularly preferably

1, 3, 5-benzenetricarboxylic acid (trinesic acid) and

1,2,4,5-benzenetetracarboxylic acid. Such conpounds are comrercially
avai | abl e Tifunciondleanpinepar eatbdmylit raeidp ras dearshibgsagentbed crossliikess: Exahpled 82. | f

ortho-substituted aronati.c compounds are.use i mde for ion.is

pr ef er abl fu‘ﬁ?bi?/@ﬂ?aéﬁmgamﬁgﬂ Seﬁfﬁl@g‘y&f a%‘% ?IﬁtrgnFﬁnpfég’& ] "Fé‘ﬁb@drgaﬂl? es.
25 These sipabaARMStGHAE aflinds 364 af lehd: Whres bRNR grolpsOWRIER Al caphble GFbaction
tetrafunctional. The nunber of functional groups can be from3 to 16,

pr ef erl@bl yvith eashoxylio acid groups t TheyIpaeferablyrdef not haye anyrcarboxylicoacdd gittups. fihe@tsses
f the i i i t i it t | I trif ti i

or at 1 eadtist FRMAERRCHEPONTe il A e ers” Y cabRtie, id O SBER B nes

or car box\hpdbledsf fdiotion wWith Bmihefblid WARE dal\WRY e, préseRt, ForatBmples irPthedbrm 8RSt

trifunctional am nes srl‘l;}gf be present in the trifunctional carboxylic acids,
and vi ce \einderivatieesssisbtasrastess. dhe cprboxdivt adids prafecabiyude ndt oontdintany Benimrol / g

f pol yanid bl y..f 1 . 35, i cul ar | ef er ab 20,
it/ g of 2oiPy SAreaE of avtial Bk bebfic Adie ghdins, EtfripiesiosBfety Ptdiols adies
from 3st 0 aded@imedraraeids WhirAérized Fardf fiidbhwhich! @Mbe frépatddlfor Be4AGNE Hohy ofelcod®idlO to

70, ?rmol of equival ents/g of &ol yam de. The eﬁw val ents are based on the
nunber of apdirren i fvel fremi Hd tgr@fugarbor atems opaphthelenepolycarboxylis. akids, such as

D functional boxyLi,¢c acids._ar. di tional,. am nes ar e s .chai n
Pengt henof e AREE Y37 Sedatibutl fid. THE AR GRR A Bt E fefRaBiB R,
am no gr oupepodids anchiidt pelyerepidRSmphinds. can be reacted with carboxylic acids.
The di functional carboxylic acids or am nes, besides the carboxylic acid

groups or am no groups, do not contain any further functional - groups
capabl e of reaction with am no groups or carboxylic acid groups.

Pr ef erabl ' : taln.any. fu u ] .Qup =xanpl es
of - surd abt 5P FL sEind REbpE 3L b s RNinb bR, e REHbOHR YRR Sope R

di funct i ennfilogRtianearhing, aci ddialkilenytriaminese | i nesgecially phat idiethglegdriasning, .
"-al kyl enedi am ne, preferably C2-6-al kyl enedi am ne, for, exanple .

hexyl ened%ﬂfyﬂfélﬁtetm@ywéaaadaq%@aﬂﬁéer@wtwnpbrfae idkylang Jnpietes prederably being

i sophor onggli.am RE;ard rﬁﬂﬁ@ﬁn r I j a3 e ﬁﬁﬁﬁj- 1 .
usabl e, aﬁﬂglggan&%éenﬁ%i ng es?ljg’m@ér%&%%§?%ng%a§§tegia%e%¥h§§am %1{51 :i)gél’{]% ?lém ne,
from Hul sh®@)the gentral formaiales can each be substituted by C ~ _ ~ ~-al kyl,
preferably C1 _ ~. ~~alkyl, radicals on the carbon skeleton. D functional
carboxylic acids are for exanple those which formsalts with difunctional
di am nes. They can be linear aliphatic dicarboxylic acids, which are
preferably 2s C ~.~0-¢roar i ' ang.§s adi pic acid, azelaic
acid, sebacic acid, s gﬁﬁgﬂg%*ggcgﬁkgagaﬁéﬁﬁg%ﬁbe romati c. Exanples are
i sophthalic acid, terephthalic acid, naphthal enedi carboxylic acid, as well
as dinerized fatty acids. The reaction m xture nay have added to it
additives and fjllers, aliphatic and aromatic 30 chain regul ators such as
mono- and bi f uké¥fonal amines and acid and al so heat stabilizers,

phot ost abi |l i zers and substances to inprove the dyeability of the polyner.
Subst ances 0 7 AUG 2002 which are not honpgeneously dissolved in the

reaction m xture, such as pi gment s and
30 Ris H or -(CH;),-NR '3, where




fillers, are preferably added to the reaetion m xture after the produrl Apm?200?
phase$ which take place in the presence of the fixed bed catalyst. 5
Pigments and dygs. aje ralds: resent in anounts of up to 4% preferably
from0.5 to 3.5 leg*gﬁfe'@w@\w ®F 5 to 3% by weight. The pigments for
coloring thernopl astics are commonly known, see for exanple R Gachter and
H Miller, Taschenbuch der Kunststoffadditive, Carl Hanser Verlag, 1983,
pages 494 to 10 510. The first preferred group of pignents to be mentioned
are white pi gneRitis BserctCHs),-NRig whetede, zinc sul fide, |ead white (2 PbC03,
Pb(OH) 2), lithopone, antinony white and titaniumdi oxide. O the two nost
comon cryst al mgm.mq%)g.mzj | e and anatase) of titanium dioxide, the
rutile formis preferred for use as white pignment for the nol ding
conposid i ons of | i | ack pi gments which can be used

accor disng to thneﬁgaﬁ\%%e??ﬁhg?g%?%% oxi de bl ack (Fe30a), spinet black
(Cu(Cr, Fe) 20~), man?l_gnesc%r b|,§Ck1 (m xture of manganese di oxide, silicon

di oxi de and ir dht58%i %%e,r O8hat% 4bI ack and antinony black and al so,
particularly preferably, carbon black, which is usually used in the form of
furnace or gas black (see G Benzing, Pignente fair 20 Anstrichznittel,
Expert-Verlag (1988), p. 78ffJ. It will be appreciated that inorganic col or
pi gnent s SRreferahly, alis dror dimesperidby §r arehx d amintpgen forod tor6, prefemblysfremdhtods azo

i gments and_pht i b d according tq the inventi
Dbeain cerbascidod e GitILR choRd RayeotE shlianeepds inebediendy SEne abie. o5
|t canf UritbRabReRAl a ARKERrAe P2 UCH HIRHARKAITENt | oned pi grent s or dyes

v

ina mxture, for exanple carbon black wi th copper phthal ocyani nes, since
this generally facilitates the dispersion of color in the thernoplastic.
12 0 7 AUG 2002 Oxidation retardants and thermal stabilizers which can be

added to the ther lL.astic conposjtions of,t invention,include for. .
exanpl o hanFadE CHPORLEACLFE TPttt o oo abhereis S8 Efogbpretelbly Lim
hal i des, I%Qt@éa?bmibaéclcﬂgﬁupi.'Fr@feH-E@_l f&a&msﬂg&w 2@ hreNBbdeYhdvihgeC SRS lah@Pr W t h
copper (n halides, "for exanple chlorides, brom des or iodides. The halides,
especi al | yhetsfocSclicopistei. Examples lasscbenzylt maphthyl, enthragenes biphenyl, tiiplanybradigalaopl es

of such c er conpl exes are Go t _halide.c l.exes, Wi th . g
O ohan, | IR RTRIESE R WP BiokdlE. HEIE, SR8 ibbdhs, pwine, ppigotine.
fluoride %’H@h&ﬁiﬂ@e?b&)@hkﬁiﬁ-phﬁ%ﬂ&?ﬂ@ﬁ@ Sxiaﬂhth&lbéyeﬁip@.r}&eﬁﬁe%é _Csaéik'h‘n & pggred
phenol s, hydroqui nones, substituted representatives of this_ group,
secondar y bithenwtetracasbaxylie. dsid-phikalesyaninec onpaphgialosyanipe h  3,5,5',5'-biphenyl-

phosphor usg; i ng. aci 3 I : kXL L f ; e
corrpounds?et%?%%%%ygﬁ quld? ﬁ’bgﬁc@#&h & é@F%%?%?{‘%a@&%ﬂ%éﬁ‘?‘gﬁﬁf‘”&% élé Q(Ce)lgl t he
wei ght of 3{3@,shbipjridyietrdossionl s aofd, 5,51 2betdopkensnadteacrdokylics asidpsit3 6,8 ed
resorcinol s, salicylates, benzotrijiazoles and . L L
20  acridinetetracarboxylic acid, particularly preferably 1,3,5-benzenetricarboxylic acid (trimesic

acid) and 1,2,4,5-benzenetetracarboxylic acid. Such compounds are commercially available or

can be prepared by the process described in DE-A-43 12 182. If ortho-substituted aromatic

compounds are used, imide formation is preferably prevented through the choice of suitable

reaction temperatures.
25

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 least trifunctional amines or

at least trifunctional carboxylic acids, but not mixtures of such amines or carboxylic acids.



benzophenones, which are generally used jgn anmounts of up to 2% by wei %P]t AUG 1002
15 Lubricating and denol ding agents, which are generally included int

thernopl asjic material in a ts of _up.to 1 %b ight, are stearic acid,
Stearyl ai HNSTE: SrallimagudPhseas Jifungiors) Srioks HAY Be Presset o o6 rolpuosdy
pent aeryt héﬂrﬁ@éyh%&? s bR GcERakn fatty aci ds It is also possible to use
salts of calcium of 'zinc or of alum num of stearic acid and al so di al kyl

20 ketones, for excanple distearyl ketone. The pol yam des of the invention,
especially nylon-6 and its copol yners, can be used for producing fibers or
fabrics and materials of construction, Apprg@riate rocesses are_ described

in EP-A-0 hepsubstences age REssSRyNEN alzwumrfrcanért@ Fmake yampideprefersbly fram il of
| | t
oo Heads WEkALoR S HENETS BB oPAITALRE LB (AL A0dusElh e

reduced byprasen; @cini angmh&om malrm;ipamwlary ;exfefa’atytﬁ-m Wb t100f éspedialBnfr@gueous
sol ution of caprol actamand then wth water and/or to a gas phase

extracti onto #b “maj of rauivaienisiee sl pelvamidse Th cAwivelsnts are based qm#@nwemr of
Exanmpl es Oq, /G 238935% gpgr hggmggl[gag%e t he pol yneri zation of

caprolactamin one- roce SN | ed reactor and in a two-phase
process with an addltlonal decorrpreSS| on phase in an open reactor in the
presence of a fixed bed catalyst with the sane polynerizations w thout

fi xed bed catalyst. Production processes utilizing differ ent tenperature

and reHi delAdenctippal carheryliceacidnar difunstionsl| amingsarpuged ay chainy! cagthepeeohBesAt in

th t t |
a (rare:lsﬁ;el%fge?‘hae&% écilfij d %E%ﬂ{l&ow I%ﬂ% dé’%tﬂ;gﬁ%& éx%hbé’?:r §r| Zgél on
i s measur eghiti cidn %&édcwdgﬁhh waoﬁylwacxwlmumumnmh&rb@@ﬁc @‘md@ﬁrrmh@d 15

material and in 1.1 %strength by weight solution in the case_of
unext r act s 1;5‘61 {gesarboxlicy Bol SrOURS A HATIDO BIAUPY dockqy coptaipay frsthey fungtional

Lobel onde MSRGTEHRLor KRR SHEBUIR'P Bk Boft il LOGR! PRATMAFCY groure
were det ermi n@dam !anyeﬁirﬂuat:ﬁmdnqml poaps. dxamplasof snitahle dlfuamodalrmm_nes:are those
(parts by WRFGRT PHeHER AHanians) cHo<als i Theohien g Goss A nbie: GruisLver e
titrated W bitylenediamine, preferably Cs.-alkylenediamine, for example hexylenedlamine. They can
also be cycloaliphatic. Examples are isophoronediamine, laromine. Branched aliphatic
diamines  are  likewise  usable, an  example being Vestamin TMD
20  (trimethylhexamethylenediamine, from Hiils AG). Entire amines can each be substituted by

C.12-alkyl, preferably C).s-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 preferably
25  Cuyao-dicarboxylic acids. Examples are adipic acid, azelaic acid, sebacic acid, suberic acid.
They can also be aromatic. Examples are isophthalic acid, terephthalic acid,

naphthalenedicarboxylic acid, as well as dimerized fatty acids.

The reaction mixture may have added to it additives and fillers, aliphatic and aromatic
30  chain regulators such as mono- and bifunctional amines and acid and also heat stabilizers,

photostabilizers and substances to improve the dyeability of the polymer. Substances



pot assi um hydr oxi de solution in benzyl aj,cohol as solvent. For eXtra‘ﬂm&ﬂﬂz
100 parts by weight of polycaprolactamare stirred with 400 parts by
25 of dem ne,rgl ized water at 100C for 32 ﬂours .under reflux and, after

removal of WHIR ajiapet hompgengopsindissolved dn the,reaghR mixgxe,ofuch gt RIgmERIA AR on,
at 100C u r : The
et or ogenaaesely Hefat S8 & P fesklod Bitkre anckin BBl hales il T2
di anet er qgfladz i4 theprasedceof thadixhd bed bdatalysthe range from S to 20 nm The
titani um di oxi de of the catalyst is all anatase (Finnti, type S 150).
Production in batch vessel: Exanples 1 - 8 The runs are carried out in an
autoclave with or without catalyst pellets, the bed of pellets conpletely

covering t i ] LGh. c i % ' ex fter
he 1 eact dipntESad 4 Belieéduy Wisep uraha Se Sl plBull s USRS
t he aut oclepeidlly fivaald.sdo 3%cby edighnd repeatedly flushed with nitrogen. The
heati ng-up phase to the desired reaction tenperature at a pressure of up to

18 bar, manually regulated with a valve, is 15 foll owed by deconpression of
the autoclave to anbient pressure (about 1 bar), so that the prepol yner

doscri pt1 rearpts BF ShERRE BOMEhuat A phFORRRAY kiSn ST, U R el
post condensaH. uilRAdT Aeieabidteds Kuinststoffeddifave] GaFeHaneerCV éritig, | $83) Bagks 4080 ar e

varied. Table 1: Exenplary runs in batch vessel Proce-dureCa rolactamin
aut ocll8ve 310. Te %qsnere%@%l tEyouRsRigmgmertts 19,be Hentiengd glecwhite-pigments spchps, zinc

pressure it ai Wi | PR . ,

bar over 605 anh AL 168 Wle QUARTOL R R Tyt SRASEPIRNESAE fabfiyr, 1,
wei ght of didxfdehOfithedwo vest EhmmomtystRlSmaphs Gutile anbaratae) v dit@iun Siokie,
bydeconpressi on, system deconpressed to 1 barover 60 m n and autocl ave

di schar gedhenutifoforsis sefemed far e as Wigteupigment, 1oy theemgldings compasitias 0é dheover
85 minto 2R i €SSUr e mai ntai ned at 18 bar b 15

15

Black pigments which can be used according to the invention are iron oxide black (Fe;O,),

spinel black (Cu(Cr,Fe),0;), manganese black (mixture of manganese dioxide, silicon dioxide

and iron oxide), cobalt black and antimony black and also, particularly preferably, carbon

black, which is usually used in the form of furnace or gas black (see G. Benzing, Pigmente fiir
20  Anstrichmittel, Expert-Verlag (1988), p. 78ff).

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 commercially available.
25

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.



deconpressi on, system deconpressed to 1 jpar over 20 m n and aut ocl avgl/7 U
enpti éd w thout ostcondensation.D..plus 10% by wei ght of H O heated eA %@UZ

bydeconpr dSCRBIOD R GBH oM cuabilzsrs SBETo 08T HBoAdHeR GnheatheBBoROUe
enptied wdy Eiﬂéﬁ%ﬂ%@ﬁdoﬁﬂnﬁudé’fw%&ﬂ%ﬂﬁdey‘@hﬁ@&lsf?)ff #ﬁgyﬂsat?g{r%eﬁéﬁeaﬁr 85

m nto 270C, pressure maintalned at 18 bar bydeconpressi of,
deconpr esgeble;t og.sddamo halidelb Opatassiumnithlides, didiem dalidescoptiogally in conjunction with

i t hout ost d jon,. 0 7 Al 0Q2 T t.qbl . SU| i dugt
O e Csd s B en ko 57 TS Sk, Bt o
I nvol visng éégﬁér?frﬁ?talsroe&gﬁdfp? @1&&6@&@@@1@&? Edampled 3P 'sﬁctﬁc@g%feimglex%ﬁ o1

e: cperi ment I nvol ving di erent reaction tenperatures In

descri bes dopperthalidbcomplexas with trighamdphmspline) for exanipdd It is2furthrapassiblei to use

pol ymeri zati on, of. ,capr.ol actam i.n the presence. of titani um di oxi de catal yst.
Vari ati on 2 g (ﬁ%dt ZHREs .Cmﬁv.g? C_g%ﬂéq?yg‘["ﬁbgﬁ’gﬁ uE R?ﬁﬁ%%ﬁ@gﬁﬁﬁ‘feg Ei?ﬁ?’%oge

Tab. 1) 1w tipAqdfiBAt? GanRfdel SRAREIIIIRY! A2 1868 Wedcbilarf B304 960 WiRhed SONC
2wi t hout B1'861111063w t hC2. 019987 Conpar - i sonC3V, i ~out C1. 74136131 10 RV’

rel ative \ipscmslytiy catf@ctianiwith phasphpruseqontamingacids andGal@RBerecf ahd mittures df

group content 0 7 AUG 2002 .The Exanpl es show a,considerably faster.increase
1t ROy <t OO MrErbHCI A FERERER B i Ae e ERb SRE Rt SHEPOAT | <
carried oyfe mikrifee presence of a fixed bed catalyst. 5 Mreover, even at a
reaction tenperature of only 230C, the presence of the catal yst provides

hi gh product viscosities (see Table 3). Table 3: Hydrol ytic polynerization
of caprolactamin the presence of titanium dioxide catalyst. Variation of
react '1;’Qwﬁ%gifg;@gﬁ@%&%&ﬁ@&&%&%&&%& Tt BRizomizotss hid* ©°
Chwi 1 hout BEE0L A 1RO EReAlly WA ERIREE o ROVIbY Heukp2~01. 781271246w
t hD2301. 92106103Conpar - i sonCow t hout D2301. 60171'1657w 1 hDZ10l . 70138130Conpar
-i sonG/wi t hout D2101. 00- - 8wi t hE2502. 734080Conpar -i sonC8wi t hout E2501. 05- -
Experifrents in seal ed reactor: Exanples 9 -16.

Lubricating and demolding agents, which are generally included in the thermoplastic material
in amounts of up to 1% by weight, are stearic acid, stearyl alcohol, alkyl stearates and N-
alkylstearamides and also esters of pentaerythritol with long-chain fatty acids. It is also
possible to use salts of calcium, of zinc or of aluminum of stearic acid and also dialkyl

20  ketones, for example distearyl ketone.

The polyamides of the invention, especially nylon-6 and its copolymers, can be used for
producing fibers or fabrics and materials of construction. Appropriate processes are

described in EP-A-0 462 476, for example.
25

In a preferred embodiment, the level of low molecular weight constituents such as
caprolactam, linear and cyclic oligomers in the polyamide produced according to the
invention can be reduced by subjecting the polyamide to an extraction with first an

aqueous solution of caprolactam and then with water and/or to a gas phase extraction.

30



17 0 7 AUr 2002 Caprol actam plus 50% by wei ght of Ti02 pellets and 0.6% bﬁy
wei ght of water, each based on the mass of nononer used, are i nt r odu®egaAub 1002
into a gla eactor, whi.ch is,then seal ed. under nitrogen. The reaction

mi xture toé&ﬁémﬁfheﬁe@eﬁ‘&awsﬁgﬁﬂ&ea‘f’é{? ¥ occupi es about 2/3 of the
reactor volume. The reactor heated to the selected reaction m xture bulk 5
tenperature is cooled down, and enptied, after reaction tinmes of 2, 4, 8 or
16 hours within a few m nutes. The pol ynmer obtained is then chi pped and

anal yzed. Hxamgpdgendence of the relative product viscosity on the reaction
time, listed in Tables 4 and S, provides clear evidence that the

polyneri zation is greatly speeded up in the presence of a fined bed netal

oxi de catalyst. to Table 4: Hydrolytic polynerization of caprolactamin the

ST, O AONT S S ISR AlshE B 1 O
[ C] RVOWi t h2RRiGka@8Cambar k T00-phavd ploceds 320 6A 202i1iomlt (e 33PR2si0R GRARAM FON

C10wi t hout 4230C1. 0211w t h8230C2. 40Conpari son | o .
Cl1wi t hout 8peFOreactpmin Al presencsotz inteddieg £atabish withahe samapalpmerizptiopy withpyt 0 7

AUG 2002 T : 1,6 RO ' ' [ sence
of 11 tani ulRel 558 A B RSN SORKERhiZEN, AlrefRPLRIBRL Gl ifefp R
reaction t profildsrand Alscanifizinghigladelowswiteraintennin theethrting mixture are contrasted.

(C] Rv13wi t h22500 . 97Conpari son C

13w t hggt 2250C1. 0214w t h4250C2. 10Conpari son C

14w t hout 4250C1. 2115w t h8250C2. 15Conpari son C

15w t hout 8&39%5161&\& t h16250C2. 15Conpari son Cl6wi t hout 16250C2.51 0 7 AUG
2002 - 19 ENCLOSED TO I PER W claim 1. A process for producing

pol yam des by pol ynerization of |lactans in the presence of netal oxides as
het er ogeneous catal ysts, wherein the netal oxide catalysts are used in the

formof pellets, extrudates, fixed beds or catalyst-coated packi ndg
The relative viscosity (RV), a measure of the molecular weight buildup and the degree of

polymerization, is measured in 1% strength by weight solution in the case of extracted
15  material and in 1.1% strength by weight solution in the case of unextracted polymer, in
96% strength sulfuric acid, at 25°C using an Ubbelohde viscometer. Unextracted polymers

are dried under reduced pressure for 20 hours prior to analysis.

The amino and carboxy! end group contents were determined on extracted polycaprolactam
0 by an acidimetric titration. The amino groups were titrated with perchloro acid in 70:30
(parts by weight) phenol/methanol as solvent. The carboxyl end groups were titrated with

potassium hydroxide solution in benzyl alcohol as solvent.

For extraction, 100 parts by weight of polycaprolactam are stirred with 400 parts by weight
25  of demineralized water at 100°C for 32 hours under reflux and, after removal of the water,
dried gently, i.e., without risk of postcondensation, at 100°C under reduced pressure for

20 hours.



10 el enents or internals, which permts pechanical renoval fromthe
reaction m xture and belng renoved fromthe reaction mxture in the cQqrgs 2002
of or on conpletion of the polynerization. 2. A process as clained in claim
1, wherein the netal oxide catalysts are selected 1 s from zirconi um oxi de,
aluninun1oxide, magnesi um oxi de, cerium oxi de, |anthanum oxide, titanium

di oxi de, b€atalystol ites and sheet-silicates. 3. A process as claimed in
claim2, wherein the netal oxide catalyst used is titanium dioxide which is
at |east 70% by weight in the anatase form 20 4. A process as clained in
any of clainms 1 to 3, wherein the netal oxide catalysts are used together

wi th aci di ?h@}%@&&?éx%é&écdt&y&%?&%ﬂﬁ HamS0418e fexohab Tt BEVILOY dHathl & 2°
5. A process as crained in"claim4 erein the acidic cocata ysts are

sel ected f4 om emdyaiengtwithin the dange deonb 6>ty 20 enracThbstitaninar diaride dchelaatalyhei r
salts or ﬁbures t her eof 9 7 AUG 2002 - 20 6. A process as clained in
any of cl dSAR 2qatess ( nnfy P& >Phe pol yneri zation of the lactams is carried
out in the presence of organi c nonocarboxylic acids, dicarboxylic acids or
their m xtures as chain regulators and/or cocatal ysts. 5 7. A process as
claimed in any of clains 1 to 6, wherein the polynerization is carried out
in at | easProdueticit agksteh tvbssel:iExampléssbe8 bei ng carri ed out under an el evated
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70  Table 1: Exemplary runs in batch vessel

Proce-dure | Caprolactam in autoclave....

A ..plus 10% by weight of H,O heated over 835 min

to 270°C, pressure maintained at 18 bar by

decompression, system decompressed to 1 bar
over 60 min and postcondensed at 270°C and

1 bar for 1 hour.

B ..plus 10% by weight of H,O heated over 85 min
to 270°C, pressure maintained at 18 bar by
decompression, system decompressed to 1 bar
over 60 min and autoclave discharged without

~ postcondensation.

C ..plus 10% by weight of H,O heated over 85 min

to 270°C, pressure maintained at 18 bar by




g UC C 15 .
Rt " #H~HHSIKIWE[ & xsni d Z]]]ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] caWé%AUUZ
] ca] ca] ca calcaLM‘M‘M‘n eateetecal-cate aeat-eal 888 ) ) Y****"

n/

+* ++]- /i&OOJOI ilé@?@l %? : ?,%’]’H’é‘ 't?g R&] ca] ca] ca] caj ca] ca] ca
] cal ca] ca ca] ca] ca] cg] caye20 cla]"c"ﬂ]d@al} Ve XY ng]'@&]}lba] ca} ca} ca]I 22] Jeal

333@44D55516C7771 89889pestcondensatinn.
, <h=>877?| WDmhc”Y] | cd].pihe M) wohyweigh} 6£HeO Ueatad oedr@s]mia] ca] ca] ca] ca} ca] ca] ca
] ca] ca] ca] ca] ca] ca] ga] cqy m]@g&@@]-g@],ga} ra@re?PAAAAAAB( BKBI Bv BB3CnCC$DDDU

FFGE i1 v| 1 KGO xsnig_Z] L] a] cal ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] c(a] cp] ca] ca] calca] g&iﬁﬂi&@ﬂoﬁ ﬁﬁﬁf&lcﬁ c&]éaam(i)m Ri RRSKSSS( TIITUVr WAKX

XXX

YAYYYY[ h[} +] 8] 111} xgni dog!glgﬁ & °c9<1;ﬁV8§]n(ng%g]‘t88]'Ea] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cajcalcalcalc Jcalll \_Y" aaapaaCbcccd
vdd* ekeef WEf gl gggggd GPlYshielo bY perghit of Q]gfq]:g&}];éfaﬂ%@]fba] ca] ca] ca] ka] ca] ca]

ca] ca] ca] ta] ca] ca] cd] cafoc208€] prajsues w 8pachica] cal GhhhhPiij[ ]| kakkkl
AnDnEnvn} pnnnnnnnnnq_ of ddcompxessiioh] iiech dddbmptessadjtcd]banl] ca] cal] ca] cal] ca] ca
Ul ca] caU] ca] caU] ca] qa] cades ) amihcaliaalochive discdrga] withewt] ca] ca] ca] caj ca
00000/ p3prSp| pvpp q{ qqgmgo,fdgggﬁ]o%stt ! UCUFUV\BV\BV\EW| vqu gb] Xni d ZU] ca] caj ca]
cal] ca] chrafTtalcajcarcarcaicarcajcarcarcTa cadcarcajcarcarcarcaicayd| cal cal] ¢
a] cal] ca] cal] ca] ca

cal cAa] Ca] CoRUpbiey kpliéd relgine) Bebipties of e opDkee? e § FOFRuaR EE Mo eUeR | e

[ @K} }} ) i R I}lé'rﬁgn idvdiViizaigredrent] fab s amtsakealisrlical qabkabcaad cdé call

cal ca] ca] ca] c*a] ca] cay] ca] cal"ca] ca] ca] ca] cal ca] cag_l cal ca

1=

|v

, & Hy 10%@21(11)1e1ﬂ519%1&ng)dlﬁfmm)%a&nq gurey in ¥@hlgod.glqbje 1 describes the
&*10%[ [ hg % Y& 1096 & ( | *) G 100/& ()-Y( $10% & ()- ! F"10% & () -
$10% &7() -3 @‘%‘P%@F 83 )-Fz 10% & ()- _dYNCQ)G'10% & 10° 10" 10" S:

10% & ()-33"10% & ()-110% & ()-9-G'10% & ()-+G'10% & ()-q [ dEYNC) G'10% &
3 F'10%& ()-S9%$10%Z& () -3Y109%Z& () - 3t 109%&Z& ()- ' Sml0%& ()-L 10%Z& ()-|
b dEYNC) G'10% & yMPlO& ()- Z"10%& ()- F'10%Z& ()- @ $109%Z& () -

F 109z &' ()Tale’lOW&‘IYc}mlywhg@ymy@ﬁ(m@&camla@a&&'n(fhelp]resence of titanium

"109%&& () -f/109%& (); F{F 10@&( 10%&() h!bC) G'10% &'y

£ $10928&’ () - 3" 1097& (31 €07
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bC) & 10%W ith ] IA() 2.38 83 32

Compar-ison

¢l without | A 238 67 68

2 with B 1.98 96 79

Compar-ison

2 without | B 186|111 106

3 with C 2.01 99 87

Compar-ison

3 [ withowt | C 1.74 136 131

10
RV: relative viscosity

AEG: amino end group content
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Comp. Ex. lyst (see Tab. 1)
4 with D 270 1.98 96 79
Compar-
ison C4 without D 270 1.86 111 106
5 with D 250 1.94 103 91
Compar-ison
© without | D 250 178|127 | 124
6 with D 230 1.92 106 103
Compar-ison
C6 without | D 230 {160 171 | 165
7 with D 210 1.70 138 130
Compar-ison

| €7 without | D 210|100 |- i
8 with E 250 2.73 40 80
Compar-ison
c8 without | E 250 105 |- i

Experiments in sealed reactor: Examples 9 - 16.
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Table 4: Hydrolytic polymerization of caprolactam in the presence of titanium

dioxide catalyst in sealed reactor at 230°C. Variation of reaction time

Inv./ Catalyst Reaction T [°C] RV
Comp. Ex. time

9 with 2 230°C 1.68
Comparison C9 without 2 230°C 1.02
10 with 4 230°C 2.08
Comparison C10 without 4 230°C 1.02
11 with 8 230°C 240
Comparison C11 without 8 230°C 1.18
12 with 16 230°C 2.40
Comparison C12 without 16 230°C 2.29
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