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(54) Title: POLYAMIDE PRODUCTION PROCESS

(54) Bezeichnung: VERFAHREN ZUR HERSTELLUNG VON POLYAMIDEN

(57) Abstract

A process is disglosed for producing_ pol_yamides. The extracted water produced from polyamide extraction is concentrated up to an
extract content of maximum 85 wt.% and is mixed with fresh lactam up to a 0.5-13 wt.% water content, at least one adiabatic stress relief
being carried out during polymerisation.

(57) Zusammenfassung

Die vgrliegenflc Erfindung berrifft ein Verfahren zur Herstellung von Polyamiden, wobei man das Extraktwasser aus der Extraktion
von Polyamid auf einen Extraktgehalt von hochstens 85 Gew.-% aufkonzentriert, mit frischem Lactam bis zu einem Wassergehalt von 0,5
bis 13 Gew.—% versetzt und wihrend der Polymerisation mindestens eine adiabatische Entspannung vomimmt.
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25 Accordingly, DD-A-213 936, DE-A-43 21 683 and US-A-4 049 638, for
example, describe processes for polycaprolactam preparation which
permit the use in the polymerization of caprolactam having a
water content of up to 15%. EP-A-745 631 discloses the reuse of
agueous extract solutions through addition of small amounts of a
di- or polycarboxylic acid, since the extract will polymerize
slower than caprolactam otherwise.
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Since the extract further comprises appreciable proportions of
cyclic oligomers which remain unchanged by the polymerization,
various processes have been proposed for cracking these oligomers
or converting them into linear oligomers. The oligomers are
typically cracked with phosphoric acid or by means of high
temperatures. For instance, US-A-5 077 381 describes a process
for cracking the oligomers at from 220 to 290°C, preferably under
superatmospheric pressure. The use of acetic acid and
orthophosphoric acid for oligomer cracking is described in
DD-A-213 936, for example.
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45 Prior to recycling into the polymerization, the typically about
10% strength by weight extract first has to be worked up, i.e.,
typically by concentrating it. The workup normally takes the form
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extract from pigmented polyamides, problems arise, however. The
polyamide comprises delustering TiO, pigments added before the
pelletization, preferably during the polymerization. These
delustering TiO, pigments are additionally surface-treated or
coated with inorganic additives to improve UV light stability and
to impart certain properties, such as dispersibility and particle
size. On extraction of the polyamide chips, these inorganic
assistants are partly extracted with the caprolactam and
caprolactam oligomers and then separate out during the
concentrating of the wash water extract, especially on the
surfaces of the heat exchanger. This appreciably shortens the
service life of the evaporation equipment and additionally gives
rise to the possibility of blocking the heat exchanger. Similar
problems with a coating of heat exchanger surfaces arise during
the evaporation of water in the polymerization stage when the
concentrate is recycled back into the caprolactam polymerization,
since the concentrate likewise still includes these inorganics.
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By way of solution to these problems, EP 306 872 proposes using

pigments comprising less than 0.1% by weight of 100°C water

solubles. However, this restriction to the choice of pigments is
40 disadvantageous.

It is an object of the present invention to provide an improved
process for working up and further processing the wash water
extract of polyamides, especially pigmented polyamides, to

45 produce, in a simple manner and without the aforementioned
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b) adjusting the water content of the resulting concentrate to
~from 0.5 to 13% by weight by addition of fresh lactam,
25

c) subjecting the resulting mixture to a polymerization under
polyamide-forming conditions, and

30 d) effecting at least one adiabatic expansion during the
polymerization to reduce the water content.

The process of the present invention is significantly more
robust, simpler and more economical than the prior art. With wash

35 water extract from the extraction of pigmented polyamide, the
precipitation of inorganics from the extract and the formation of
a coating of these inorganics, especially on heat exchanger
surfaces, are avoided. It has further been found that the
composition of the mixture used speeds up the polymerization.

40

The extract waters from a polyamide extraction generally have an
organics, with or without inorganics, content of from 4 to 15% by
weight. For recycling into the polymerization, these extract
waters first have to be concentrated. This takes place in a

45 conventional manner in a single~- or multiple-stage evaporation
apparatus having a short residence time, for example in a Robert
evaporator, falling-film evaporator, thin-film evaporator or
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several hours until further processing without any blockages in

the equipment being observed.
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The mixture is then subjected to a polymerization, which is
40 generally carried out continuously and essentially according to
the process described in DE-A-43 21 683. The polymerization is
preferably carried out under conditions where the mixture forms a
single liquid phase, i.e., at elevated temperature and
superatmospheric pressure. In general, the temperature employed
45 wWill be within the range from 230 to 310°C, preferably within the
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further polymerized in a first reaction zone at a temperature
30 within the range from 230 to 310°C and at a pressure within the

range from 5 to 40 bar, then subjected to another adiabatic

expansion and finally postpolymerized in a second reaction zone

as described above. The further polymerization in the first

reaction zone is generally carried out in a reaction vessel as
35 more particularly described below.

In a further embodiment, the mixture to be polymerized is brought
to a temperature of from 230 to 310°C and to a pressure of from 5
to 40 bar, for example by passing the mixture continuously

40 through a heated heat exchanger within a few minutes. The product
is subsequently polymerized incipiently in a first reaction zone
by maintaining the pressure and temperature conditions. The
polymerization is generally effected in a reaction vessel having
internal fitments, for example -a tubular reactor having mixing

45 elements. These can be structured mixing elements (e.g. Sulzer
packings) or unstructured mixing elements such as random packings
(e.g., Raschig rings, balls or Pall rings). This reaction zone is
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25 addition, the heat released in the process is directly utilized
for water evaporation, yielding a further energy and cost saving.
Moreover, a cooling down of the reaction mixture is desirable,
since a lower temperature will shift the polycondensation
equilibrium to the side of the higher molecular weight product.
The water vapor released in the course of the expansion comprises
volatile constituents such as caprolactam monomer and caprolactam
oligomers. Column rectification can be used to remove the water
vapor from the system and to recycle the organics into the

process.
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The polycaprolactam obtained after the separation zone when
caprolactam is used as monomer has a molecular weight within the
range from 3000 to 18,000 g/mol, preferably within the range from
6000 to 12,000 g/mol. The melt viscosity is within the range from
1 to 200 Pa-s (at 270°C). On exit from the separation zone, the
polymer melt is either immediately transferred into a
postreaction zone, where the molecular weight is increased
further, or directly brought into piece form in a conventional

manner.
45
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the range from to 30 mlnutes. The pressurized mlxture is then
passed through a heat exchanger and heats up within a few minutes
to temperatures within the range from 230 to 310°C, preferably
within the range from 240 to 290°C. The pressure is preferably
again set so that the reaction mixture is present as a single
liquid phase; the pressure is generally within the range from 6
to 20 bar, preferably within the range from 12 to 18 bar. The
reaction mixture is then again adiabatically expanded in a second
separation zone. The pressure in the second separation zone is
set within the range from 10 to 1300 mbar. This operation of
reheating the reaction mixture followed by a flash evaporation
can be repeated, if necessary. The amount of water evaporated in
the various separation zones and the attendant temperature
decrease can be controlled in a specific manner by means of the
particular pressure employed.
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35

40 The lactam used can be, for example, caprolactam, enanthlactam,
capryllactam and lauryllactam and also mixtures thereof,
preferably caprolactam. '

Further possible monomer units are, for example, dicarboxylic

45 acids, such as alkanedicarboxylic acids having from 6 to
12 carbon atoms, especially from 6 to 10 carbon atoms, such as
adipic acid, pimelic acid, suberic acid, azelaic acid or sebacic
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Possible customary additives and fillers are pigments, such as
titanium dioxide, silicon dioxide or talcum, chain regulators,
such as aliphatic and aromatic carboxylic and dicarboxylic acids,
such as propionic acid or terephthalic acid, stabilizers, such as
copper(I) halides and alkali metal halides, nucleating agents,
such as magnesium silicate or boron nitride, catalysts, such as
phosphorous acid, and also antioxidants in amounts ranging from 0
to 5% by weight, preferably from 0.05 to 1% by weight, based on
total monomers. The additives are generally added prior to the
pelletizing and before, during or after, preferably after, the
polymerization.
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The polymer obtained according to the present invention can then
be further processed in a conventional manner, for example
brought into piece form in a conventional manner by extruding it

40 in the form of melt profiles, passing these through a water bath
to cool them and then pelletizing them to form chips. The chips
can then be conventionally extracted and subsequently or
simultaneously converted into high molecular weight polylactam.
The extraction can be carried out with, for example, water or

45 aqueous caprolactam solution. Another possibility is gas phase
extraction, see EP-A-284 968. The desired end product viscosity
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such as aliphatic and aromati c carboxylic and di carboxylic acids, such

as propionic acid or terephthalic acid, Stabilizers, such as copper (1)
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preferably &fter, the 35 polynerization. The pol yner obt ai ned
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pol yl act am The ext“t"a'cﬁ*?a&? ﬂﬂsbee‘@&!’tqua@él%ut Wi t h for exanple, water
or 45 aqueous caprol actam sol uti on. Anot her pOSSIbI|Ity S gas phase

gXt raICtSi Ogner gi l'fzz% AL %éﬁeﬂ%@ica-z.;z ngU:@% 21@}‘%@ geu%ﬁlsﬁcgil %dlmentt of
in a congentl ﬁﬁ3r° the SEPt RS 0N G HFEE has qu g.
1 shows s&ﬁeﬁ%EQQﬂﬂqa§e§nt%n%KRHQFEHF of ?#Rﬂ[ﬂooéesgsﬁﬁlﬁlﬂ§ssed via 1 into
present inventihkgatfedhmixing wsagledst Aye dxtasict is then mixedaporatratio dE
Fig. 2 showslsgheien paskl yapivdaeamde n@md opftibnglly dledinlreg@lators and
two-stage flaghhévHiRiv€8 3 in the heated mixing vessel 4 by recirculating
the mixture by means of a pump 5. The pump 5’ then feeds the
20 mixture into the heat exchanger 6 and into the reaction zone 7
while at the same time the desired pressure of from 5 to 40 bar
is generated. The heat exchanger 6 then provides heating to
temperatures from 220 to 300°C. The reaction mixture is
polymerized in the first reaction zone 7. Here the pressure is
25 adjusted so that the solution is present as a single liquid phase
at the temperature used. Owing to the exothermic polymerization,
the temperature of the reaction mixture rises by from about 20 to
50°C by the end of the first reaction zone 7 while the reaction
mixture stays a single liquid phase. The water content of from 2
30 to 7% catalyzes the polymerization, so that a conversion of >87%
is reached after about 1 h. The prepolymer produced is then
subjected, via a valve 8, to a flash evaporation to release the
predominant portion of the water. In the course of this adiabatic
expansion, the prepolymer cools down by from about 6 to 7°C per 1%
35 of water released. If desired after addition of further
caprolactam and other suitable monomers and miscellaneous
additives through a lock gate 9, the polymerization is then
generally continued in the postcondensation zone 10 at about
atmospheric pressure and a water content of < 0.4%. The water
40 vapor released at 8 is separated from the entrained volatile
organics in a column 11 and removed at 12. The organics are
returned into the process at 13. The polyamide discharged from
the postcondensation zone 10 can then be further processed in a
conventional manner.
45



Fi gure 1 sch®950/4898P depicts by way of exanple an enbodi ment of t he
process .of the present invention. An extract which has been 15 concentrated
to a content of from70 to 85%is passed via 1 into a heated m xing
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10 Figure 2 shows schematically an enbodi nent of the inventive process
for recycli n@cnwaﬁkaafﬁﬁié‘g vﬁﬁhhasalmqqnhge&sﬁeh@e REoRBss o HRAPRdsERt er
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Example 1

30 22.5 kg/h of unextracted nylon 6 chips produced with the addition
of 0.3% of pretreated titanium dioxide as white pigment are
extracted with 22.5 kg/h of countercurrent hot water. The
resulting 10% strength aqueous extract includes not only about
7.5% of caprolactam monomer and about 2.5% of oligomers but also

35 traces of inorganic compounds (silicon, manganese, phosphorus and
aluminum compounds) on the order of from 1 to 8 ppm, which
originate from the pretreatment of the titanium dioxide. The hot
extract is then concentrated in a single-stage evaporator at 108°C
to an organics and inorganics content of 78%. As shown in Fig. 1,

40 the hot solution 1 is pumped at a throughput of 3.2 kg/h into a
heated mixing vessel 4 and mixed therein with 20 kg/h of fresh
lactam 2. The mixing is achieved by pumped recirculation of the
solution. The recirculation rate is 2-3 m3/h. Mixing vessel 4
develops a temperature within the range from 90 to 95°C and a

45 water concentration of 3.0%. The recirculation and especially the
high lactam excess are responsible for a stable single phase
solution being obtained and the formation of organic precipitates



additives 3 i0050/48580 vessel 4. The water content in vessel 4 is >8%
This can be the result, for exanple, of |less concentrating or increased
wash water extract recycling. The m xing in vessel 4, heating in heat
exchanger 6 and 10 polymerization in thegfirst reaction zone 7 is then
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concentrate to nylon 6 in the stirred separation vessel 10 via a
lock gate 9 and uniformly mixed in. Following a residence time of
10 h in the separation vessel 10, which also serves as
postreaction zone, the polymer is continuously pumped by a melt
30 pump from the base of the postreactor via a die into a water bath
in the form of melt profiles, which are solidified in the water
bath and pelletized.
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The polymer thus prepared has a viscosity number (measured as a
0.5% strength by weight solution in 96% strength by weight
sulfuric acid at 25°C) of 115 ml/g and a low molecular weight
content of 11%. The titanium dioxide content is 0.3%. The polymer
is subsequently extracted with countercurrent hot water and then
dried and tempered until a viscosity number of 130 ml/g is
reached.

35
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The dilute extract waters produced in the extraction stage are
concentrated by the above-described process and returned into the

45 polymerization stage.
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polymer nelt #haiiPhaeeatleld G381 it %"s]ézco(iii’% t‘li;u%lz igikgig‘é%gghé

rel eased i n the,Colrag, el depqPiession 21 dre pasSed LArougH 2 natked ™
i ng col um | ay! 2t AR e T AT PRRRRr At ATe Aat 81°G d00RR12 i s

Famoved 17 omJRERISE M LIRSEPHERISONRICRE By iR fom AEHBHERN dnds

ol i gomers ar PYRRSved a theoushpusneprobdudig/M3iahd a deateddmining tvessel 4

separ at or f@.aﬁﬂmixedoﬁb&f&ﬁaﬂ withea fapier]28Cenpg/is st |fQ§§hFi’ﬁij‘t£n 2% ohe

caprol actam mixingetisecaéierbvdd 89 Pamshd dedd rca 126856 S theWWbiG RdMRaL

concentrate LQdH-ARafidd LR ?.E' ?lﬁg\j‘&n%?aﬁﬂiﬁ’%exyne‘;%éiﬁ! 4 Qe Yiford I'ock

ate 9 and uniforny mxed.l.n. Fo ng._a resi 0 18 h in the
gepar ation vgseg%erfg?rﬁh"luc & esﬁ?’\’/%%%fgm 5 B%t?%’gcf‘ggna 2R the
pol yner is &cﬁﬂqcﬁﬂaﬁgFP’bLﬂfpe"doﬁy Thegiacizguparion rand erpepiablnfthenbigh
postreact of " iastamdexcess are wespenpihle fori a shableominglenphasersoilutdon
whi ch are solbedingi edtainddiaandathe forneiionadd eegareid @Qdcipitate‘&%eﬁ.ﬁgyrfer
thus prepar ethvitdged. VIEE Ofddct iBHNEETuiHIALY! 8dd apif 3 pullpO8e Sid gnot h by f
wel ght sol ut i ogn3fYo of ANG! Rl NS hearsi! {dlld BRLE Al £HGREA ©
115 mM /g and .a_lo *’m ecul -6wef t cog%en 0 0 e_7|tg|dh|tX|dde
content i spg. 30 THE Ic')?'}r?g m ig‘g’dsﬁﬂséﬁ Eht1SPPEXEFUES Rf G/0RC and heate
count er curr ertP A8t 208t rinafthet petrse of; ReBinwers < Fher puessuye sidei gfothey
nunber of 13PWAP/ §'i is sB3ijustedctio a pressure of 17 bar to ensure the single
phase nature of the reaction system. The heated reaction mixture

is then pumped through a heated cylindrical tube 7 120 mm in
internal diameter and 2500 mm in length, which is packed with

5 mm Raschig rings with crosspiece and has a jacket temperature
of 270°C. The residence time in the tube 7 is 1.1 h. The product
temperature at the downstream end of the tube is 275°C. The
reaction mixture, which is under a pressure of about 17 bar, is
continuously decompressed at the downstream end of the tube to
atmospheric via a control valve 8 and passes into a heated
cylindrical separation vessel 10. The reaction mixture separates
into two phases in the process, and the water present therein
evaporates through utilization of the enthalpy of the polymer
melt. The temperature of the polymer melt therefore decreases by
14°C to 261°C. The vapors released in the course of decompression
are passed through a packed rectifying column 11 having 6
theoretical plates. The water vapor 12 is removed from the system
overhead, whereas caprolactam monomer and oligomers are removed
as bottom product 13 and returned into the separator 10. The
overhead water vapor 12 comprises less than 0.1% of caprolactam.
Pretreated titanium dioxide is added as a white pigment
concentrate to nylon 6 in the stirred separation vessel 10 via a
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The dilute eX@93R{4888@rs produced in the extraction stage are
concentrated'by the above-descri bed process and returned into the 45
pol ymeri zati on stage. 12

Exanpl e 2 22.5 kg/ h of unextracted X8/ on 6 chips produced with the

addition  ofodk J¥xef 9pimd nedlredmiy trikddmigi. O¥bUowihgVal F8s PacHERN i idleCof D
extracted wt{y 3243 KHNs&a %é%%&é‘ééfrfo,h%i&‘ﬁtﬂsf Eggg?scégsm ting 10%
0

strength aqueg extract lncludes noi only abouf. . rol actam
nononer and apoo%actre?.cg%)%fzooqel-’g rgo)tt?ﬂ'ferall&c°n¥:f?‘é%‘§sl¥opﬂnﬁ‘6$3%iacmﬁt
conpounds (il RofFORarRRAMRASE ofhBRPRATIFARYCT Via hiHEmiEbRpd HRFSF RAERK
origi nate %o tthe fermrefimedtt popfilirs 1 Whichaatrensaliigiifded Ihetheotwadetr act
is diluted whathl aBdkgéhlefized.fresh |actamto stabilize it agai nst

ol i gomer precipitations and t hen concentrated in a single-stage
evapor at or at logg?er rLC to an organi cs and inorgani cs content of 84%
The hot sol utThsn PPlyger thugprepared has SuJHSGPSEEY Aunbey kmeasured @sated

m xi ng vessel0-$% 5taaugrh ati weighti soluttileng ihup 6hestredg8hkpy twesfghttr esh
|l act am 2. Yhesulfumiri agid ataesreyest M 7pmapgdand el Now mblecuXir wedght
Zol ulti on. Theconteh@CbE C10 A9 .0heat Brdisivis %ifak@aé lgéckhté}hxaggo y;??.sedél& t
evel ops a r ang er
concentrati or‘P CE)l gog} U%Lﬁoél&rq(&;%?ﬂre%%r%f{ on %ﬁdgggh e‘%:)?"{ﬂql;%é[‘ ﬁ%é%tl: U%It%t am
excess are reSor8rB %r*%cf a SFSBP%I.%C} it L AaEES Aty ghmber (14 705&29ned
and the foggmﬂtﬁ &®aghedr gani ¢ precipitates being avoi ded. The reaction
solution i fed via a punp 5 at a t hroughput of 23.2 kg/h into a heated

heat exchang 6 i t r f. inlet, .t rature
of 270[err] C a5 j?%ﬁ%ﬁ%;’%“ﬁgﬁ'%‘e%%% [Pl?ﬁée?al? e BErd8 18 R
pressure sideOFetfadtee n% 'aP%V%'d%f dhef PEOGHASs apfler gFurned, dptpythe
ensure the siRYRerizaplon stagre of the reacti on system The heated
reaction mxture is then punped through a heated cylindrical tube 7 120
mmin Nt aiA b ghale! e ifed 00 ¢HlndiekClgldha )l Glls! SoREGHRGAY! N 30 S
mm Raschi g I’Io(l’}ﬁs gleé CI 0SS |§.‘_8§ aﬁ a j acket n‘%eﬁla uré .9
270[err] C. TIFPFESPAHR q PREIPH Oheld IS Vi1 GL95earfigoRs o e

t enper at ur e SOTEREPADIR ST ERPARREAYR Nuber BE fRout;S0rpeYClem©f theeaction
m xture, whi @encengrated extrastuinteithehpolymerigations Throughdutushiby
deconpr essggl pErivle vovwstandes endimfrdand ckuberé mierabavsphRfdcipiitata
control val veliagdtRe gscesBl, OeSpdi{1a§ not on heat exchanger surfaces.
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cylindrical sgﬂapéﬁpﬁﬁovessel 10. The reaction m xture separates into
two phases in the process, and the water present therein evapor at es
through utilization of the enthal py of the polyner nmelt. The tenperature
of the polynmer nelt therefore decreases B 40 14[err]C to 261[err]C. The
vapors released in the course of deconpression are passed through a
packed rectifying colum 11 having 6 theoretical plates. The water vapor
12 is renovedwérerainte system over head, whereas caprol actam nononer and
ol i goners are renoved as bottom product 13 and returned into the
separator 10. The 45 overhead water vapor 12 conprises |less than 0.1% of
caprol actam Pretreated titanium di oxide is added as a white pignent
concentrate td-nyRopr@ass fhr prépanicgs ppivamides foomeat 11eastaoae lactam
13 | ock 8at e OSwihtitl ommfichoty favtdedr mondmérH\nd) castanarie miditives odnd
10 h in the separgijdra/eshebh Iébmpihliseld al so serves as postreaction
zone, the polyner is continuously punped by a nelt punp fromthe base of
the postreactor via a die into a water bath 5 in the formof nelt
profiles, which atk sebpcRtireging the weashewater pextramtd fpen| the msttraction
The pol yner thus prepaf gsblyamideVvis casidxtradiibled reontenedofiSndt more. bfan
strength by wei ght sofsg i weligRE20 strength by weight 10 sulfuric acid at
25[err] C) of 117 m /g and a | ow nol ecul ar wei ght content of 10.8% The
titani um dioxide content is 0.3% The pol ymer is subsequently extracted
wi th count &Pcurreb) hadjugitimg the swatathsongehbdofirkhet erpulbingianceatrate
viscosity nunber of 189 fdong0.5 t6 IFadieeeidht by abBddtibhUbe frdshadhctam,
wat ers produced in the extraction stage are concentrated by the
above-descri bed process and returned intqg the, pol yneri zation stage. 20
The process descrfbedsipiesting tke jesidting pasturshtiongonelymerizatdont ed
for a period of 12 weethdemipodyshidedforimg, canditions,cendesponds to an
aver age nunber of about 50 recycles of the concentrated extract into the
poLymer | zatl on. 18] CughRMle b 8¢2Pe PR I o822 BLER53a00 1 bR AN Enl®" ©
@gpbrecipita . )
polymerization to reduce the water content.

2. A process as claimed in claim 1, wherein the wash water
extract is concentrated to an extractables content of from 70
to 85% by weight.

3. A process as claimed in claim 1 or 2, wherein the wash water
extract comes from the extraction of pigmented polyamide.

4. A process as claimed in any of the preceding claims, wherein
a portion of the fresh lactam added in step b) is added prior
to said concentrating.

5. A process as claimed in any of the preceding claims, wherein
the water content is adjusted to from 0.5 to 10% by weight,
preferably to from 0.8 to 7% by weight, especially to from 2
to 4% by weight, in step b).

25

6. A process as claimed in claim 1, wherein the mixture in step
c) is brought to a temperature within the range from 230 to
310°C and to a pressure within the range from 5 to 40 bar,
then at least one adiabatic expansion is effected, and the
product obtained after said expansion is postpolymerized in
at least one reaction zone.

* c L M S *
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during the pﬂ%@,sﬁﬁﬂ)eci ally not on heat exchanger surfaces. 30
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14 W claim 1. A process for preparing pol yam des from at | east
one lactam 5 with or without furth&d nononers and custonmary additives
and fid. ems probessh avmlaimed in claim 63) whereimtthet ppgdudie obtalined

wat er extract frqpceResgxd adn@ion is furtherOpo é%ﬁﬁé@?ihoaaﬂ&rst

extractabl es contQile9bn "Pond ¥t al Paperature withfR PHY r4k8NErom 230 to
310°C and at a pressure within the range from 5 to 40 bar,
then subjected to another adiabatic expansion and finally
postpolymerized in a second reaction zone.

8. A process as claimed in claim 1, wherein the mixture obtained
from step b) is polymerized in a first reaction zone at a
temperature within the range from 230 to 310°C and at a
pressure within the range from 5 to 40 bar, then
adiabatically expanded and postpolymerized in a further
reaction zone.

10

9. A process as claimed in any of claims 6 to 8, wherein said
adiabatic expansion is carried out to a pressure within the
- range from 0.1 mbar to 1.5 bar.

10. A process as claimed in claim 8, wherein the mixture obtained

from step b) is polymerized in a first reaction zone at a

15 temperature within the range from 230 to 310°C and at a
pressure within the range from 5 to 40 bar, then an adiabatic
expansion is effected to a pressure within the range from 6
to 15 bar, and the expanded product is again brought to a
temperature within the range from 230 to 310°C and to a
pressure within the range from 5 to 40 bar, then subjected to
a further adiabatic expansion to a pressure within the range

20 from 0.1 mbar to 1.5 bar and finally postpolymerized.

11. A process as claimed in any of claims 6 to 10, wherein the
postpolymerization is carried out at a temperature which is
from 5 to 20°C lower than that of the preceding
polymerization, especially at from 260 to 270°C.

25 12. A process as claimed in any of the preceding claims, wherein
the lactam used is caprolactam.
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10 b) “*adjusting the water content of ‘the resulting concentrate

to from0Q.5 to 13% by weight by addition of fresh | actam c)
subjecting the resulting mxture to a polynerization under

pol yam de-form ng conditions, and 4/d) effecting at |east one

adi abati c expansion during the 15 pol yneri zation to reduce the

wat er content. 2. A process as clainmed in claiml1, wherein the wash
wat er ext@@ﬁg_ig concentrated to an extractables content of from 70
to 85% by wei ght. 3 A process as clained in claiml or 2, wherein

t he wash water 20 extract cones fromthe extraction of pignmented

pol yam de. 54. A process as clainmed in any of the preceding clains,
wherein a portion of the fresh lactam added ig step b) is added

pri or to -said copcentrating. 25 . A procé€ss as clainmed in any
of the preceding clains, wherein t wat-a+—c0Ig ent is adjusted to
from0.5 to 10% by wei ght, prefenai ¥~ 0 fromO0.8 to 7% by wei ght,
especially to from2 to 4% by i ght, > step b). 6. A process
as clainmed in*aimi, erein the mxXjure inpsteps c) is brought to
a tenperature within the range fr ' 310[err]C and to a
pressure within the ran then at | east one

adi abati c expansion is effected,
expansion i s postpolynerized in €5t one reaction zone.

15 7. A prggess as claimed in \whergig the product obtained
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after saidqupansion is further polymerized in a first reacti on zone
at a tenperature within the range from 230 to 310[err]C and at a
pressure within the range from5 to 40 bagp t hen subjected to

anot her adi abatic expansion and finally post pol yneri zed in a second.
reaction zone. 5 8. A process as clainmed in claim1, wherein the

m xt ure obtai ned fromgtep b) i p.a Jirst reaction

zone at a V\?perzature thint rom 230 to_310[err] C and at
a pressur e hi‘h the fange fr en?

adi abatical |l y expanded and pojt pol ynerj zed fh~aX reaction
zone. 10 ~ 9. sA process as clained in any{Qof cl aips to 8, wherein said

adi abati c expansion is carrie hr'n t he range
fromO.1 nbar to 1.5 bar. imed in claim8, wherein
the m xture obtai ned fromstep 3 polymedized in a first reaction
zone at a 15 tenperature within th G om 230 to 310[err]C and at
a pressure within the range fro Qar s then an adi abatic

i i i Qf ange from 6 to 15
bar, and the expanded product is again{brought{to a tenperature

within the range from 230 to 310[err] 3] r pressure wthin the
range from5 to 40 bar, then subjected to ST; Further adi abati c
expansion to a pressure within the range 20 { fromO0.1 nbar to 1.5 bar
and finally postpolynerized. 11. A proce cjgined in any of clains
6 to 10, wherdisn the post pol yneri zat i carried out at a
tenperature which is from5 H)Zmerﬂ ower than that of the
precedi ng pol ymeri zation, especially[@—pm 260 to 270[err] C 25
12. A process as clainmed in any of the precedlng cl ai s, wherein t he
| act am used i s caprol actam 3
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