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depending on the temperature. Caprolactam monomer and oligomer interfere with

the further processing and are therefore usually removed by extraction with water,
caprolactam-containing water or alcohol or by treatment with inert gases or by
vacuum treatment after pelletization.

15
The extraction with water usually produces an extract water containing from about
2 to 15% by weight of caprolactam monomer and oligomer, and this extract water
is recovered for economic and environmental protection reasons, the caprolactam
monomer and oligomer being recycled back into the polymerization.

20
DE-A-43 21 683 and US 4,049,638 describe processes for polycaprolactam
production permitting the use of caprolactam having a water content of up to 15%.
EP-A-0 745 631 discloses the reuse of aqueous extract liquors through addition of
small amounts of a di- or polycarboxylic acid, since the extract is otherwise slower

25  to polymerize than caprolactam.

Since tRe extract also contains appreciable fractions of cyclic oligomers which
remain unchanged during the polymerization, various processes have been
proposed to crack these oligomers or convert them into linear oligomers. The

30  oligomers are customarily cracked using phosphoric acid or high temperatures. For
instance, US 5,077,381 describes a process for cracking the oligomers at from
220°C to 290°C, preferably under elevated pressure.
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20 It is an object of the present invention to provide a process for producing

polyamide whereby the extract water from the extraction of polyamides may be
further processed or recycled, the cracking of lactam dimers and higher oligomers
and the attainment of the chemical equilibria during the melt polymerization is
speeded up and polyamides having reduced total extractables and especially

25  reduced dimer and oligomer content may be produced.

We have found that this object is achieved according to the invention by a process
for producing polyamides by reacting at least one lactam and optionally further
polyamide-forming monomers with aqueous monomer and oligomer extracts
30 obtained during the extraction with water of the polymer product obtained in the
production of polyamides, the water content of the reaction mixture being in the
range from 0.5 to 13% by weight, which comprises conducting the reaction in the
presence of metal oxides, beta-zeolites, sheet-silicates or silica gels, which may be
doped, as heterogeneous catalysts, the heterogeneous catalysts being used in the
35 form which permits mechanical removal from the reaction mixture and are




35 formwhich permts nechanical renmoval fromthe reaction mxture and are
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extraction gen contain from4 to 15% by weight of organics with or
wi t hout 1Pnorganics. To be able to be recycled 30 into the polynerization,
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from at least one lactam, especially caprolactam, and optionally further monomers

and optionally customary additive and filler substances which comprises reacting a

reaction mixture comprising extract water from the extraction of polyamide and

20  virgin lactam and having a water content of from 0.5 to 13% by weight in the

presence of a heterogeneous metal oxide catalyst under polyamide-forming

. conditions. The process of the invention makes it possible to produce polyamides

having a (compared with the prior art) distinctly reduced extractable content and

especially reduced level of dimers and higher oligomers. The invention is

25  advantageous in particular when the reaction mixture has a low water content, so
that the (catalyst-free) oligomer cracking takes place particularly slowly.

The extract waters obtained in the polyamide extraction generally contain from 4
to 15% by weight of organics with or without inorganics. To be able to be recycled
30 into the polymerization, these extract waters first have to be evaporated. This is
effected in a conventional manner in a single- or multi-stage evaporation unit
having a short residence time, for example in a Robert evaporator, a falling-film
evaporator, a thin-film evaporator or a rotary evaporator. The evaporating. is
carried on to an extract content of not more than 85% by weight, since this
35  concentration is still below that at which the dissolved constituents are observed to
separate out. Preferably the evaporating is carried on to an extract content of 60 to
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content, the concentrate is mixed with the lactam in a weight ratio which is
20 generally in the range from 1:1 to 1:12, preferably from 1:1 to 1:10, especially

from 1:1 to 1:8. The high lactam content (generally in the range from 79 to 95% by

weight) improves the solubility of the oligomers present in the mixture, so that no

separations are to be observed. The mixture is therefore stable and can be stored

for at least several hours until further processing, without blockages being
25  observed in the equipment.

The mixture is then set to the polymerization which takes place in the presence of
heterogeneous metal oxide catalysts. The polymerization is generally carried out
continuously and essentially according to the processes described in DE-A-43 21
30 683 and DE-A-197 09 390, fixed beds of metal oxides being used in at least one of
the redction stages or zones. The catalyst or the mixture of various heterogeneous
catalysts is preferably used in the reaction zones in which the reaction mixture is

present as a single liquid phase.

35 Useful heterogeneous catalysts for the invention include known metal oxides such

as zirconium oxide, aluminum oxide, magnesium oxide, cerium oxide, lanthanum
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12 to 20 bar, 20}y from 175°C to 270°C, particularly preferably from 180°C to 230°C, and
at a pressure in the range from 5 to 40 bar, preferably from 12 to 20 bar.

20
However, to obtain high molecular weight polyamide the water content should be
appreciably lowered. This is preferably accomplished through adiabatic expansion
of the polymerization mixture, preferably at a pressure in the range from 0.1 mbar
to 1.5 bar, especially from 1 mbar to 1.3 bar, particularly preferably atmospheric

25  pressure. Owing to the adiabatic debinding or evaporation of the water, oligomers
or additives cannot become deposited on the equipment. On the contrary, they
remain dissolved or suspended in the polymer matrix, ensuring smooth progress of

the polymerization.

30 A first preferred embodiment comprises bringing the mixture to be polymerized to
a tempetature in the range from 170°C to 310°C and a pressure in the range from 5
to 40 bar in the presence of heterogeneous catalysts in a first reaction zone, causing
the polymerization to start. After the desired temperature and the desired pressure
have been reached, at least one adiabatic expansion is carried out {(as more

35  particularly described hereinbelow). The product obtained after the expansion step
is subjected to an atmospheric post- polymerization or optionally a
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catalyst material, may also contain other internal fitments, for example in a tubular

20 reactor equipped with mixing elements. These can be ordered mixing elements (eg
Sulzer packings) or orderless mixing elements such as dumped packing elements
(eg Raschig rings, balls or Pall rings), and they may also be coated with metal
oxide compounds, according to the invention. An exothermic polymerization of the
reaction mixture takes place in this reaction zone, which for the aforementioned

25  reasons is kept at appropriate pressure and temperature conditions to ensure that
the reaction system forms a single phase. The residence time is generally in the
range from 0.5 to 3 hours, preferably in the range from 1 to 2 hours.

The pressurized reaction mixture is subsequently expanded adiabatically into a
30 separation zone. The pressure in this separation zone is generally in the range from
0.1 mbar to 1.5 bar, preferably in the range from 10 to 1300 mbar. The process of
expansion is accompanied by a flash evaporation (utilizing the heat stored in the
polymer melt) of the water still present in the polymer. Unlike with the
conventional vaporization of water at a heat exchanger surface, a flash evaporation,
315  as mentioned, is a process without separations taking place onto heat exchanger

surfaces and other apparatus surfaces from the polymer matrix. Failing due to
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wat er at a heat exchanger surface, a %1 ash evaporation, 35 as nentioned, is

gngrgfﬁiré \é\ﬂ t THOMIy &8 Rﬂé?&:h%&?ﬁeﬂkdd%sﬁbmfbf@m sephatibn emd’lﬁngeuhe usemf aces
p us surfa rom:t mat rid x._Fai l
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rel eased in ItSIOGO ghmalc eeferablydiroracd009 tati200¢ gdmélo Theamelt visapsityi izdnith
representing. g J ybhar engs %?dzzcﬁestrh%%gqfr YR i SiofeRr ﬁnm%&ﬁiél%g of

the reactio ure’is desire ycondensation eq riumis
shifted by cfeﬂﬂm thy sepsrpieanazance trarsfend intqia PEFIrEICHOM ZofIey der bl ar

wei ght  pgodygl; J%W@éﬁrbmm I tak8d A8 of Niteby COHVEEOtntd heieceP@msi on
step contains \%I atile constituents suﬂg as 1ca roI act am rpo (fice w

ol i gomer. REEEPIHEALP oFHSIAMBY gRrOFCHET unhe RATTRACHER e a?ceor‘r%% 0he Wat er
vapor fromihbentiamsiam Hkevise beeeyguipped ivdtho tiganfarsmestidnei nhesetopengonscess.

10 The pol yGaps o AGHaMm HoR oA ulONbef WhiRht ffardi&PRABLLOBuF R the oM the

use of
condensation rate is increased.

20
When the water concentration in the concentrated, lactam-admixed extraction
solution is high and a low temperature is chosen in the hydraulically operated first
" reaction zone, it is advisable to employ a flash evaporation involving two or more
stages. This stops the temperature of the reaction mixture dropping to below the
25  polymer melt temperature in the course of the adiabatic vaporization. To this end
the mixture of concentrate and lactam is heated up as described above and passed
into the first reaction zone, which contains the catalyst granules and where the
mixture heats up further as a result of the reaction. The pressure is preferably again
chosen so that the reaction mixture is present as a single liquid phase.
30
The préssurized reaction mixture is subsequently expanded adiabatically into a first
separation zone, the pressure in this separation zone being in the range from 1 to
20 bar, preferably from 6 to 15 bar, particularly preferably from 8 to 12 bar. The
process of expansion is accompanied by a flash evaporation whereby some of the
35  water in the polymer is liberated utilizing the previously stored heat of reaction and

enthalpy. The residence time in the first evaporation zone is generally chosen in



caprol actam generally has a nol ecul ar weight in the range from 3000 to
18000 g/ mol, preferably from 6000 to 12000 g/nol. The nelt viscositygijgTile0)
the range froml| to 200 Pas at 270C. The polymer nelt is either,

i medi ately -follow ng the separation zohe, transferred int-o a postreaction
zone, where further is nolecular weight buildup takes place, or directly
converted info piece form according to customary processes. The.
postreaction ﬂmaﬁgaﬁomrﬁtq"@ minutdse preferatep tfioon20reoy 30 idhemssahbepr@quﬁi;qded with

the af orementl,o0ed;Ehs EQGENF Hisecd oA RN Rt HERYeRRhnddf iito! B FufthdOOMer

content is ffH’1 ) ensat 1 on T te 1I's increased.
20 When t he wedctar aocblhcretcd mdpmoﬁraumslnéheeneeﬁ@maﬁedo 31QE prefanablyEem

extraction  5ghyf ix@fec nglaﬁwwﬁe?eréﬂlwﬂo%W% s 96@’0 i q@é&ﬂsé Bf hhew

hydraulically operated Irst ‘reaction zone, it is t?‘g e tp enploy a

fiash evapor ipwesi Ao PFEsEEet Rothey reastas. wWhidy é%cordm §° pBVEMIOn BMYer at ur e

of the react ijBwite xbitam Mswgvne@mtdatdpﬁtpw ﬁrﬂ@ra%ﬁf fpali/see ko Rk thetreapnat ur e
in the course .of the adi abﬁi“e‘d‘ﬂ‘ﬂépﬁorl ation. To t he mx ure of

concentrate EHIUWS 2 CRESTYF GSBCYQLVO%“%HB&‘S °¥nto the
first reacti ano20mar, pndsfbtalbl}cfmheﬂ tnSZOtHae pmelbabgysﬂroxgrlanullﬁsbaaﬂﬂlwmwmnt he

m xture heats .u fur 180 AR %};]Jbgﬁn’gﬂfl]lé( &% c{Eﬁ iﬁ%a&rs Bfld sl@zﬁ‘al%r?%éﬁg eFHe

preferably a&é osen SO Lon m x ure resent
singl e 11qui qtrqsmasen tBO sqtpad pepyslion Zent isedhosdnoin ﬂfﬁmeefﬁom éﬂtﬁgekiﬁ@@nt ly

expanded adi ahafi g@id Bfmsdassoo@ fehtatin eep@éaeﬁbmn&eﬂe folla%eR" 8 Sﬁ”ﬂas‘h” this
separation zone being’in f rom | T&‘ (%r preferably.from6 to
15 bar, part E¥ANOsRAR GRndTecte H?ﬂtiffﬂ HFHAo QaB‘&P“t h‘éatchYﬁP@%e in Bepansi on
' SI accorrpan: ergn@w gephiatish z@ﬁ@doa{cﬁthecu:tsamécefwwmganqhe ttbaﬁp&fﬁnmatcan ben t hg
pol ymer is |iber uti previ ous t of reaction an

ent hal py. Thép?cé@fa@é’ﬁeﬁtr?l %‘Hﬁ%ﬁg{‘]ﬁh “? \r/éaéf)'%%g tgl(g)ihslﬁg%ne is general ly
chosen ins1 6 O C T 2003 -8 the range from5 to 60 mnutes, preferably from

20 to 30 minyje na%ﬂneﬁﬁerfa [H edptiSetdns, SHRSSALGAT, | MpRASS&ER 4ddr ough a

further heat exchanger I nto urt er reactor and heated t o0 tenperatures
in the range 4@&40@2@@%33‘1W$P eggofppryterabbpeaprolactam.

Useful further monomer units include for example dicarboxylic acids, such as -
20 alkanedicarboxylic acids of from 6 to 12 carbon atoms, especially of from 6 to 10
carbon atoms, such as adipic acid, pimelic acid, suberic acid, azelaic acid or
sebacic acid and also terephthalic acid and isophthalic acid, diamines, such as Cs-
C)z-alkylenediamines, especially of from 4 to 8 carbon atoms, such as
hexamethylenediamine, tetramethylenediamine or octamethylenediamine, also m-
25  xylylenediamine, bis(4-aminophenyl)methane, bis(aminophenyl)-2,2-propane or
bis((4-aminocyclohexyl)methane and also mixtures of dicarboxylic acids and
diamines, advantageously  in an  equivalent ratio, such as
hexamethylenediammonium adipate, hexamethylenediammonium terephthalate, in
amounts ranging from 0 to 60, preferably from 10 to 50, % by weight, based on the
30 total amount of monomers. Special industrial significance has been attained by
polycaprolactam  and  polyamides polymerized from  caprolactam,
hexamethylenediamine and also adipic acid, isophthalic acid and/or terephthalic

acid.

35 A preferred embodiment utilizes caprolactam and hexamethylenediammonium
adipate (,,66 salt“), the 66 salt being used in the form of an aqueous solution. The



230 to 290C, particularly preferably from235 to 260C, in the course of a
few 5 mnutes. The pressure in this reactor, which according to theqgqCT 003

i nvention may |ikew se contain heterogeneous catalysts, is preferably
again set.so-that the reaction mixture9forms a single I i qgui d phase, the
pressure generally being in the range from 1 to 20 bar, preferably from®6
to 20 bar, preferably from 12 to 18 bar. The reaction m'xture I's then
agai n adi ab%ﬁd@aﬂahu o€ ¥iRoEedm 10t6e smtsmmnfﬂpm ﬂielrmgﬁzfmm .991915?0 a5 o
pressure in a ne is chosen in the range from10 to
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evaporated in th var.i t 0 t ring in
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equi val ent rati,0o, such exa@lﬁl enedi an%rr?gﬂl um adi pat e,

hexanet hyl erﬁ‘éﬁfﬂ&ﬁﬁ%ﬁ‘ﬁst}?‘h‘ﬂé?%ﬂ? OBEIROUSHHANYY ranging from 0 to 60,

preferapty from10 to 50, % by wei ght, "based on the 30 tofal anmount of .

nonomners. cial_ind | nific Foal=TeR
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20 conventionally extracted and subsequently or 31multancously converted into high
molecular weight polylactam. The extraction can be effected for example with
-water or aqueous caprolactam solution. Another possibility is gas phase extraction
as described for example in EP-A-0 284 968. The desired viscosity number for the
end product is generally in the range from 120 to 350 ml/g. It can be set in a

25  conventional manner.

The examples hereinbelow illustrate the process of the invention. Unless otherwise
stated, all quantities and percentages herein are by weight.

30 Examples
Unextracted nylon-6 pellet is countercurrently extracted with hot water. The
resulting 10% extract liquor is concentrated to an organics and inorganics content
of 80% at 108°C in a single-stage evaporator. The water-free extract fraction of the
35  liquor contains 79.1% of caprolactam monomer, 5.7% of caprolactam dimer and
3.8% of caprolactam trimer.



16 OCT 2003 9 nolar ratio of caprolactamto 66 salt is customarily in
the range from99.95:0.05 to 80:20, preferably from95:5 to 85:15.149CT 200
customary additives and fillers there nay be used pignments, such as
titanium .5 di oxide, silicon dioxide orl@alc, chain regul ators, such as

al i phatic a0-, aromatic carboxylic and dicarboxylic acids, such as
propionic acid or terephthalic acid, stabilizers, such as copper(l)
hal i des and al kali metal halides, nucleating agents, such as nagnesium

ilicat itrid t al . h h h
i, S Rl RN L
preferably fhewadimbing vesk e greimawehl virgint letato reanpam tmisfure

. The_addi . LLy: i e - iz d
borore. " ur T binkes 31086 BPRRLS b iRRRRQUEl ot el Bithe Rlibplad 2"
parti cul &r| yanperates-desergbeddieraintelovie additives to the reacti@n mxture only

after it has passed through the reaction zones which contain the
het er ogeneous catal ysts. 15 The pol ymer obtai ned according to_the invention

can then be Thf $3pEQlagipmicxtiagidvatel ¢OCERtRES Mx Gt BHEPSI At H G 8RR kef
exanmpl e convgri @eatediheatpixehshgkO bl hBatdd tie¢EIM @0 ithe AadiredBBMPEratite within

mel t - extrudi [t in the rm of el files, whi.ch are hed in a
wat er bat h-ariPeehdf RS, F6an i foe REhbuie i€ b Bonedhi T Shal 1 v
extract ad anehssrebthetgthe m¢dcyion sysemibimane singleyphasm Vide theaked méation gimxtume| ecul ar
wei ght pol yl ac ' C r ' wat er
or aqueous caoBreril EShRACALALLCE it 32@%@%@62_3% B RicTors hhving
extraction asingsmddizeeer of 12manpndailongtpofrl028m. 3 tubkris paeksdrwigh

vi scosity nughaystipeliets PRepafiachdth @diim idfo3RNE6@ Fitintl, Rype 1 502RAEhAVIAEN 120 to

350 mM/g. It can be s I'n a. 25 cqnventional _.manper._ The eﬁ%gﬁles

her ei nbel ow # RS0 8 Fdok i ireraner BAm oo 20na st HEPR e

stated, 1a | djorideiid presentirdthpansest fage and ¢y Idld basievésyinukd ghttior3@bEsadpl es

Unextracted nyl on-6 ket isS . C reurr I C ' o; ter.

The resulti Sncéar%ge‘% fé@'ﬁrtggte)qt?ﬁ 3#5{%0% sggar’\%'en T %{1;'15 %B{egﬁégq%%%%b% slts al\rll\%

i norgani cs clorsnthe reaction mixture, which is under a pressure of about 10 bar, is
continuously expanded at the end of the tube by a control valve into a heated
cylindrical separation vessel and to an absolute pressure of 2.5 bar. The reaction

20 mixture forms two phases in the process, so that the water it contains is able to
evaporate. The temperature of the polymer melt decreases to 245°C. After a3 h
residence in the separation vessel, which also serves as postreaction zone, the
polymer is continuously pumped, by a melt pump, from the base region of the
postreactor via a die into a waterbath in the form of melt profiles which are

25  solidified in the waterbath, pelletized and extracted with hot water.

For extraction, 100 parts by weight of nylon-6 are stirred with 400 parts by weight
of completely iron-free water at 100°C for 32 hours under reflux and, after the
water has been removed, dried under mild conditions, ie without risk of
30 postcondensation, at 100°C under reduced pressure for 20 hours. The relative
viscosity (RV) of the extracted polyamide is determined in 1.0% by weight
solution in 96% by weight sulfuric acid at 25°C by means of an Ubbelohde

viscometer.

35  The dimer content of the polymer is determined by HPLC analysis of the extract.



of 80% at 108C in a single-stage evaporator. The water-free extract
fraction of the 35 liquor contains 79.1% of caprol actam nmononer, 5. 7% ®fT 2003
caprol actam di ner and 3.8% of caprolactamtrinmer. 160CT2903 -10 The hot
concentrated. 80% extract water concentrhle liquor is then punped into a
heat ed m xi ng vessel and m xed therein with virgin | actam The reactant

m xture obtained contains 2.0%of water and is continuously polynerized in
t he M ni pl anComipaapiice Examphescri bed herei nbel ow.  The caprol act am extract
wat er concentrate mxture is punped at a rate of 0.5 kg/h to a heated heat
exchanger and heated therein to the desired tenperature within about 10

m nut es. Thelmthesomperative exdmples the tithnpumdioxidesgellet in thp sytindrrabrgactos 10
ensure that fsh.gé (o84 it R%xaﬁggqﬁgﬁr ift qith&eP RS She TORLDSFhREEGRC i ON

m xture 1S su Eequent_ Yy punp through a heated cylindrical_tube, the
prereact &, PRlymggzedsimilate tte abpvassEiPt®n2 nm and a | engt&¥of 1000 nm
The tube is packed with catalyst pellets prepared fromtitani um di oxide

fromFinnti, e S 0, and havi a. di anet e f 4 nd a l.ength in the
range from 5T§‘%g’§éacf?ﬁesﬂﬁ’g ‘ﬁi“?’éﬁ?rg%}tigf g\ecﬂ?‘i}’@{% ‘@”"E)‘P%@Eh&‘eilﬁveﬂlﬂge gﬂ%t ase
formand i s &wehshrityvesexeingsled and hise tedatdie viscositiee dntle exepeteditsenipiesoaret he
exitin roduct _str.ea € resj i , Nt i.S::1 2 . The
reacti gnpm' xfeaf”ét?& vhi ?ﬁblllg lljnge!rngtgnjgﬁﬁ elé%grf‘e 0 %o%@%@bﬁgﬁg Prgl:b%%,?

cont i nudus| yteeyporangtesl at t he end of the tube by a control valve into a
heated cylindrical separation vessel and to an absolute pressure of 2.5

bar. The reaction 20, m xture for wo phases i.n the process, .so that the
water it conthg Frsultyingfble dshow & PE “‘P‘ﬁé’%f"é‘?ﬁ%‘?“ﬁ?&r‘%g@f ARVESEPY ner

mel t decr easps the prdRhice Alft € @adlyst Haesidistiedyi highke dsositied ithan vhssel ,

whi ch al so serves as postreaction zone, th | i N | I

punped, by acqma(ratb\{j: ,a"?”%rﬁoﬁ erf’)aageaﬁr ra{eg%tog? c'%{?:%hﬁﬁ)%s%(rae%g&g %ﬁgﬂiia}g a die
into a iR er teatperatures bflefsotham 330%&I t proofiles which are 25 solidified in
the waterbath, pelletized and extracted with hot water. For extraction, 100
parts by weiggt of nylon-6 are stirred with 400 parts by wei ght  of

conpl et el y i A8rhg resultsyis; Eabla 2 showcthesxtractables cantemi o pofyamqrs pobabfaingd  or ¢t he
wat er has begfialy@eanyatcrestes 9ery ey Bilbw aGREtdadidraBmpertaturdiof DIOFC dridsik of

distinctly above the extractables contents of the polyamides produced according to

20 the invention. High extractables values mean that the monomer conversion is
inadequate, that the extraction expense increases and that the production of the
polyamide is comparatively uneconomical.

Polyamide production which is inexpensive compared with the prior art is thus
25  possible at low temperatures only if caprolactam is reacted in the presence of the
catalyst according to the invention. As the results in Table 3 show, at low reaction
temperatures in the prereactor below 230°C the dimer content is distinctly lower
than at temperatures equal to or greater than 240°C. '



30 postcondensation, at 100C under reduced pressure for 20 hours. The
relative viscosity (RV) of the extracted polyam de is determ ned ip Jﬂ[qufﬂﬂfi
by weight solution in 96% by weight sulfuric acid at 25C by neans OP an
Ubbel ohde. visconmeter. 35 The dieter cditent of the polymer is deternined
by HPLC anal ysis of the extract. 1 6 0 C T 2003 -11 Conparative Exanpl es:
In the conparative exanples, the titaniumdioxide pellet in the cylindrical
reactor is replaced with Raschig rings 6 nmin dianeter and the reaction

m xture is ol.ynmeri zed. si A | rzl»eri 8Eva d [t ol The
extract abl efaéﬁ% ldigsrvelrscogg'r??eont%oq% tc%sgpéorragl uc?lsﬂjoeb?lglgéndgg (lsf(r)l&fehtga'i’uﬁl\}lenti ve
and conpar aliéoxide eatalpplaceording to the inedntivhve vi scosities of the extracted
sanples are reported in Tables 1, 2 and 3 together with the correspondi ng
prereactor 10 tenperatures. The results in Table 1 show that the products
obt ai ned5according to the invention in the presence of thé&-tatalyst have
di stinctly |higher viscosities than the conpgepitivésissiep! e pol ymers| at al |
prer eact or fremperatures—and—espeqiattyat—i5 tenmperatyures of t €355 than

- y
230C. As t|Rsereaaten empiliClrabl e 2 |dAYRRIVER £% act abl| ¢RI of p’ol yNer s

not obtaingd catalytically increases very sharply beglexamplesr er eact of
t enper at ur ¢ éf 230Cand TS5 disti rl:_:éjfy apove the extralc,babres contents of
t he pol yam ded produced according 20 _the invention.—H-gh extractabl es

val ues nean Fgpat the nonomer conver$ion is inadequat|/d.7® hat the extraction

expense in gses and that the pr ction of the pollyam de I'S
conpar at i ve ] g producti-on—whi-gh—+Ss—-rexpensty

conpared wi|tA20t he prior art is thus02 25 possible at |joMPt enperatures| only
i f caprolac IS reacted in the ence of the catdlygg according fo the
i nvention. @m he restt+s—+n Tabl?‘@sshcvv', at—ewregetronr—tenperatures in

the prereadtd® bel ow 230C the di fex0&ontent is distincd®y |ower thah at
tenperatures equal to or greater than 240C. 1 6 0 C T 2003

Table 2 — Extractables contents of the polyamides produced in the presence of the
titanium dioxide catalyst according to the invention

10
Extractables content [%)]
Prereactor temp.[°C] Inventive examples Comparative
examples
190 11.83 29.33
200 11.47 23.63
210 11.37 19.83
220 10.83 14.03
230 10.77 11.20
240 | 10.40 10.60




-12 Table 1 - Viscosities of polyam des produced in the presen
titani um dioxide catalyst according to the invention. Relati\
Prereactor tenp. [*C]Inventive exanpl esConparative exanples 19
2001.971.78 2102.011. 84 2202.021.91 2303.-001. 99 2402. 062. 03 T4
Extract abl es contents of the pol yam des produced in the presen
titani um di oxi de catal yst according to the invention 10 Extrag
content [% 1R sapimer bttt 6f b Ede! rEHRBP it HeQiTRRned bff theg
19011. 8329. 33 20011. 4723. 6 210 1 37 3 22010. 8314. 03 23010.
24010. 4010. 60Xt Qcai%iyqté’ﬁ?‘g mgp Lirdpv ents of pol yanides prd

presence of the titaniurn dioxide catalyst according to the i
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e vi sdos D€ 2003
0197''"1.71
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7711. 20
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nvention

Di mer cont emt—I% Prereactor Tenperature [( Exaﬁ_%:glsc&teit [1/9]0
Prereactor temperature [°C] Examples o2
190, 0.60
200 0.64
210 0.74
220 o lom
230 0.85
240 0.86
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claim 5 1. A process for producing pol yam des by reacting at
| actam and optionally further polyam de-form ng nononers with
mononer and ol i gonmer extracts obtai ned4during the extracti-on
the polynmer product obtained in the production of polyam des,
content of the reaction mxture being in the range fromO0.5 tqg

wei ght, which conprises conducting the reaction in the preseng
oxi des, beta-zeolites, sheet-silicates or silica gels, which n
as heterogeneous catal ysts, the heterogeneous catal ysts being

form whi chweglaini:s nmechani cal

renoval fromthe reaction m xtud

03 -14 W

| east 1 LT 2003
aqueous

w th water of
t he wat er
13% by 10

e of netal

|y be d ped,
used in he

re and are

renoved fromthe reaction mxture in the course of the pol ynerli zati on or

15 after it has ended. 20 25 2. A process as clainmed in claim|l, wherein

t he hetes ogéneousﬁ paicassy o predusingupelsiamides fhy rastimgoft 1gashranda ERdactamand, dat es,
fixed beds or ?13{?&51 R@%@pgolﬁﬁﬁﬁim&lﬁf hﬂh@rﬁ&%'v%th ?aqu&d@rﬁl@ﬁ@ﬁelas
claimed in clal er e net al de ca.ysts. are se% cted from
the group consi stﬁn%g) igomgr extspate pbipineded “%HEJ en??ﬁ“’r'a(‘}% yevith walteq oxi de,
g(ra](ra ; ;Jm Qf(! det I a%mni,@ahae@btﬁm&@rmuﬁibolxﬂod@ctlohebﬁpommméseshmndater

oXi de- (S::';lt gf;sf Suggfgeptsgf %%e§e%ct?0% gm?flurnegemg i tﬁe rangc f\{-\@rﬁr@ Mot TBQA)W al

10 weight, which comprises conducting the reaction in the presence |
oxides, beta-zeolites, sheet-silicates or silica gels, which may be d
heterogeneous catalysts, the heterogeneous catalysts being used in {
which permits mechanical removal from the reaction mixture
removed from the reaction mixture in the course of the polymeriz

after it has ended. -

15

A process as claimed in c¢laim 1, wherein the heterogencous cata
used in the form of granules, extrudates, fixed beds or catalys
packings or internals. -
20

selected from the group consisting of zirconium oxide, aluminuy

magnesium oxide, cerium oxide, lanthanum oxide, titanium oxid
zeolites and sheet-silicates.

25

A process as claimed in claim 3, wherein the metal oxide catalyst

titanium oxide not less than 70% by weight in the anatase form.

A process as claimed in any of claims 1 to 4, wherein the polymerij
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