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process for continuous extraction of polyan des, especially nylon 6, by
treating polyam de particles in a verti cal extract th 10
recircul ating aqueous e-caprol actam sol ution. MWHIMNMMWV olactam is
produced by pol ynerization of e-caprol actam The pol yg | act am obt ai ned
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11% by 15 weig e po t am produ nmol ecul ar
wei ght constituents (hereinbelow referred to coll ecﬂmmmmmmm ract abl es)
cause undesspetifécetiests in further processing of the pglyper product and
nust ther®f ore be renoved. I ndustrially, this is acconplls ed by conti nuous
or batchwi se extraction with 20 hot water (DE-A-25 Ol 348, DE-A-27 32 328)
and by di stThe APFERF eMRNARTIRIERL RGO 2pPER AT fopscantinimss80) or in
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reduced pres A-48 002 233 pol ycaprol actamis purified by

adm xing the nolten polynmer with from5 to 30% strength caprol actam
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a nul ti stageetnoggctdon prioddes lover eend D3 the pwieraiinélanigppagagus is
extract ed wiédcrdived, Stbo &tinpier, engtde 253e0us, CEprid ast ans smmitzoen9ap from
70 to 120C ppgthealipsyposgege and with fromO0.1 to 5% strength aqueous
caprol actam solution at from70 to 120C in the second stage. JP-A-51 149
397 describes an extraction with an aqueous 60% strength by wei ght 20

e- capr ol ggt &m solkpokwonthat faapmogectam MROOMESr a¢t A3 at soBubbiser ifert he
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e- capr ol act percelitagest aneterth by pebged .0DE-2043 eo6gl6 ahsebsesataor,

adm xed W t précdiilraet apt 2t inet HyDNes 6 M cbREiANPARIHS Mhding & Sekiybut or
| ocated at the same | evel as the aspirator. The punped-off extract has a
caprol actam content of only 13.5% i.e., less than 20% 35 In DE-A-195 05
150 the caprol actam oligomer is renoved from pol yam de chi ps by treatnent
Wi th pure caprolactamas extractant at from60 to 150C. However, this

rret hod has t he d| sadvant age that adher ent ~capr oI act am may Iead to
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45 resi dual r | es contents <0.5% The extract obtained wll
“typically b(g%?ofgl ti"on having an extractables content of fromb5 toZJ.ZSMQY 2007
simlar to what is obtained using caprolactomconprising extractants. The
extract may additionally include inorganics such 0050/ 48581 2 2 MAY 2002
3 as titani um dioxide, silicon dioxide4nd manganese oxi de, typically added
to the pol ydeiwdeesiduadt dsvel zaf idimegyicdeiaapret aptam.oleser ng Prodessegehave

i n common t waticki féeturielse an esxittealt iext wach afans 4¢ohd e811% @faprbiactdamps is t oo

hi gh or thalsoutién aUeewn sxttaciohas 19 fA16weh by Hcert ngted in order
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obj ect of tRETHEERBARY @FPEXLPD R MOLEGN RPLYMEToWALR Fram Sefypy 3 hiy
capr ol act amstkepgrercaprodapbay Anlggiocn and dihenappol{vinagehkavesglingry | ow
resi dual exidiapéadi®s aar fobMes0 canNtlROeC Wi hulexgeaet dn rkglhmngernol unes of
extractant R@vpDgs a7l 119w gXiyAclcRDE8SifDLANY. extMicdtRy @ikauAdhdhat this

obj ect | s AGHLEYE AGEQLILRG L0 NG BYERIIOTRY BPLOGRRE hOTopqlld NUOUS
extraction Q ?O %/am. e 2 gsrtl I es,.des$e0| al | y ol%sam de c |gs q:rffl akes,
in an essenfPAFFHI BRI CRE ERT RRWRBAE ot Urfth d ﬁg " ShFEsts BXE et ant,
whi ch conpr 2§B880oYS | PRAMT ERTPRETINGh £6F UPFAMHEY Water \AtdddomnB®d twd 3P6Res,
treating theipbl gam-depwpidrtam eontent aifi igsaqubansS0Exbyawedghit.conpri si ng
from 40 to 99%abys 2 snsilghtiistldsesapr fheistadeN egttadsionZ @Recedd diidiRin

ef f ecti noy s +fRUPS B SiiideCRhiph { £Fd lGREABEEG Wildh Wabf/!s ¢} %o%egepfngzaﬁe- The
novel process, g {0 A0uARbANG 1AL D8 LEYPl o0k, oA 361 ol OLiQrer i

t he pol yam 'S reguced 1I_n_a Sifipl e _panner, %Ind Phe éxt ract "obtai ned as
the extract ZEATISLERA BEHNETER| Gohido PAGETTRAIHN AAREOHS SARFORBFKEUD to be
returnabl e Belukéomat FEPMzAQ | ¥h 1203€t R .thEhseeqnd ghadsn dBdhtIbrid9 97
provi des t heledesibesl drowxtezetiaf wilkthganmeaqugymse 60 &bstrengshebytweights t he
casei n exactlogpryieeeafesoludionf det fedm BU LacCl 2Ot Fort Beof aprd acChadr€an
cconorm cal ey i o R e FRELRn vl ghop bR A Pod¥ watery of
|l ess than 0. 0 ﬁejs's e‘grleéf?éggi??gssz%hg% g?o%pgﬁ%lgneréﬁ] 'Eagnﬁg;s’%alostts) %een found
that the extPEBFLBH A A8 TEQHIAPtA8te00 0 CHASERt BEOSFRPIPEC]8 RERY vat er
cont ent and P¥gferablyearrdgd ot fEithr FRECWw e @ndy rewtk 9intdet he caprol act am
pol yner i ZZ& iegtractaivles fort heasampdr ahvbromfenyaf eprot&dttiabl engoegonmimge s
are pol ycapmecaetamgny, orpalyan ars2ef disc haf@sohasbatimittsl dylbere _
pol %/am gle f %&%&Egt&.t améragng}@ﬁ@rd@p%, awee;@@ﬂc@bacwm ctlf'artle\feséE por t2 I 3ngbe' ng
preferably %Bg . wejsahbt, e

wei ght. Pr e?z g&:negﬁ& | %/ %gS%%/ l%g%‘%ﬁgee? uELOI gg%fe-e%?%gncﬁisftlgﬁui )rég
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pol yam det® t8gPpgh| a0 ASPAFBERY! i admiedsWiatk capgolaghdfpiand returned into

al kanedi car bRy pbparatiud Waei agdistorhbetey locaredpen bhermamecdpuel ars ythier om 6
to 10 carborspiatoos, Thedpahpedichfepkthatt chaxciad captol &afnt bahtentaw@i.
Suitabl e di amipes3ase, if.@r,exéddlthanablgnedi am nes having from4 to 12,
especially from6 to 8, carbon atons, also mxylylenedi am ne,

bi s(4- am pophenyl ) net hane, 2, 2-bi s(4-am nophenyl ) propane or

bi s( 4- ami nodpcPBh&ax1Ad Bst RaAethDicaprdrgtam Adiggmennts dismevedstuoncan each
be used i n moylydmide ethipanbynateammentbwithdware ageppatdgtdm aanegtractantnt
ratio. O palticeohago ivtdusbre Alucviedi| | €K GethBdPRAY OHY Qli8&HRAMM HYE

ol yanm des d r Ql ' ' i G..acid,
Pso%ht | de C?%?dagﬂ%ﬁﬂﬁ ;aga%ﬂg]tﬁﬁagg}gxé i{@%ﬂm&e@%ékﬁe 8f1 i G

or r epht } Pol yam de chips typical.
compr 1 oo 15 GAPSEaRt HnerSLIRRL " HiareoREE ) o tiicde) Rihoc-aliRe, Yhe hipk
ol i goner, edP8¢RaptsP fHEFPEVE ol SAPEP LAEF PRt tDEORE PSR -am nononer and
caprol actam ol i goner. Pol yam de chi ps generally have a size within the
range from yging water or water vapor as extractant for the polyamide chips
it is very difficult to achieve the present-day requirement of
45 residual extractables contents <0.5%. The extract obtained will
typically be a solution having an extractables content of from 5
to 15%, similar to what is obtained using caprolactom-comprising

extractants. The extract may additionally include inorganics such




20 .1,5 x 1. 1X 4 M The pol yam des used nmay additionally i
' custonary aéggp: ves such as delusterants, e.g. titanium dioxide, nugﬁﬂn@z

agents; 25 e'g’ magnesiumsilicate, st abi | | zers, e.g., copper(l) halides
and al kali mnetal halides, antioxidants_and reinforcing agents in customary
anounts. The additives are typically added bef ore, during or after the

pol yneri zat rertitredipef diexidpy Falieen AiRyriseepnd Fuarmaness| guidale is

i ntroduced typixcallyopddadrip niecpbilpanidn fool shabitiztios essential |y
vertical andepisderiiagl. yExidliiy prébes$sd Whaweden ChontoroRhat netkiafrt @het he

pol ymeri zat {98 afid %stleﬁaymespebheth@'m thka0RiEAN Peberi &P ctzhethat

continuoug extraction co v o] er_CLr
exanpl e. $he TH uec‘étlrsegs{e 4t at e3 %’g B tl‘h?&tﬁg EE:‘? ér?tr}ate% ter oxb& tthat
separat i ng Fr%%tr%al’(rﬁ éGE?maEFRPq"&IrI aPﬂt‘"oath?éa&?F’i“a%Jc’cﬂ" ggmay be tr&?é’éﬂﬁ?ure
of from 20 tBt®ohe polyeenigAtdonTheligener sadsipenganicsl pay hserasiateheut
extraction dorimn tihedeongemtuidtyngndwiich Gilsohhageabmtectinble ommearyy 40 of the
extracti on gghuiveméndsa suitable appar at us, for exanple a screw, which is
preferablyy deep-drawn. Cold water is conti nuously fed in at the base of the
extraction colum and passes upwardly through the extraction colum in
count er curr &htis et peieat RE Y% PRES@NE riVeation stq Ryovéde ag rrdagsshéotipper
part of theremé¢viast iceprobictam oligomer sframopelyahidsh toopbtaimtaes from 60 to
99% pr ef er pbl yarkideh86ihe HWPhryolioleedicivall yptrderlesher afieh0/ 48581 2 2
MAY 2002 5 gxiiaft kARn6RE Updhetdd i Wh 058 dd1ve 10he Bl £lexitsabL MR aRRM g2t 0 10

times thag t 0 he“reciTtculating extractant Is pre]serably
wi t hdrawn i ;\;L Q’&tra%%ggg?%n&:nﬁggrel ntroduced into the colum in the bottom

region of the first zone via a distributing 5 neans (preferably an annul ar

nozzl e or pwefgpivd Fdupbiatkdt adhis WBhéet My akhievodeatordlihgi o ajneo possi bl e

ﬁggf’gﬁcgﬁg ?H@é/ﬁﬁtlcé h- ﬁrocéé},ef%i’-té&?éﬁiﬂ:%uﬁ%ié&fé@ﬁ%ok“ﬁ%ﬁatng%tOm
;fcf,'les,tﬁ 1&{1%1% Ryg.rﬁa% Q:'h:.-lﬁ; esdn ff

recircul @0e§W iTS he one 10 hand, a
t enper at ur eeaﬁ%i“'%‘t?r}cléfnt’?’ét’r?f’nl @dﬁ}FPFB’r%’t |c(5’ﬁuf“§ ‘é?t’s’tﬁ &R RAERPYE t he head and
an i nt ensi vexpgastantanwhéeh (qompsigpacesing eheephraction eplume Wt ps

pol yam de pdividédsintOntebezarndsar thaading tvhef polyarside efithha extract ant

nust not exgeedrddiRtingr hquepyiertrattdme comptisims . £rdRCQDdtd g5 byyhe
velocity i swgea% a4 ¥—é§p:§ﬂtac%ﬁ\hlﬁ‘ d 8 r8ngénd %Zthenwfmﬁmersf erably
Wi (16 EORNESISOTu, | fedk elpkll ALl | LeLdatlys gugly the fresh

caprolactamrs via a |rst annu ar noz ora ed pl at e
distributing 20 neans in the bottomregion of the first zone. The
extractant Thermavelcpiratesls dixey @hkhadvantsgedicthtt | the i legeleanScapdrded acegnon

of recircul aligsmerenr ahéYypetriidel 1§ FedudedoihafOdiimple mank&Y) Qindt ke
'ength of; ot BReEd §tob?cQEﬁedT el bREEAH arltS aBEbPﬁé Oé’rtéc%qlgéﬁélf fel?g%l IeE,St

di st ri but®n fe e extr n rawn J N

regi on of t% gFI rthf zo e a’?\k E}IEI n?’?o uJ‘E':uer trbou \>z/ lgmerﬁﬁ‘?t 6’f the
first zone. r?ﬁ%t‘?’e'e&'hieseﬁ;@?%?’é’é’i #98+FERMad Yo pr g %%%rﬂedpgﬂt"tﬂjt]@ﬁg neans,
whi ch i s gehével |I8f &iigamer ﬁpmzﬁblbrfmothﬁedl%)ltdﬁecaﬁﬁtEF repiisgang,
fresh caprobactessesanThe feldkilidroexkiyctivy efuckd caprliaceamegamtheh 8O
recircul gl epfettddanf br sbnvéitaonkemgxidaC B st BAPEIRIsUL] AR dd¥homital
zone i s genghahdy gl Amibe }{a%'lg.% Er%@ %stlgulfo&tﬂ&fa%ﬁ.éplé’oﬁ”éetnl%' Bet he

range from é?s 3940 o139C. eé %) N elato 8 g gpgﬁr I sposed within
e Yex

the extractant crrcuit ~oltsi rac Ion co hat the entering
pol yam de is heated to the de5| red t enper at ure. The extract ant has a
caprol act amreoR&e i Ysat bednWEduHd thle g traem 04 nhbisbiiywiwht ,

prefer alb:‘lbc?UIY'!'bB@ér'i‘trtJ?:%dr aAgnd gg%zaot&gﬁ"oéomfﬁx 264 Gy, bt aésl,ﬁ%al Bgd by
extr agt ant tﬁ%péé) da%ggmgl ?%Ck f’ngstgzoncea%gtolfahgam aQOlY?'% wat er is

added at thglﬁﬁ‘g‘ét cffurttﬁérc%'t'iﬁﬂfaéﬁﬂnc%f)r‘tﬁ%t amis added in the t op

circuit. Sufficient fresh caprolactamis added to maintain the caprolactam
45 concentr 8k PApid) gNGahided HU P EHFLIRR ARPEET gl vanibes Jthe hi gh
capr ol actmcsgpsfmmt' H PREGEY #]Bft Qﬁl& THO n8f ﬁeﬁQ{b%' gk 202 Oel 1JOUHE

especi al l'y caprol actam di ner

t
bosi L1 on makf WEQFBF‘ée‘?@°rt66§o?%§’§3ya€f§6ht’ ot lsge, o g’-'é’ﬁst’”m
content in MR&IPbI \BEREGéal huPqts 186Ri Bham| 35 Yupsnvekittac BrsheiFeh pure
wat er .



2 2. MAY 2002 The second zone of the extraction columm is preferably ?ZSMY%[]Z
' 5 unheat ed P0PR/48AB1cross-sectional area is so chosen as to make it
possible to maintain a conparatively high flowrate of from0.2 to 6.0 nfh,
preferably of from1l to 3 mih, for the ascending |liquid phase, although the
anount of water supplied at the base of# the extractor is conparatively

smal | to obpglyartite-deshind skArRigh wagurdlaast afe ciGAmesakh@ns in the top
circuit. Nb&?c%&:é ul:aaéyds (8 £hBLé Oe &Y ffol%ﬁlﬁfoﬁéry%ﬁﬁfdbenaéu?{ﬁﬁ% of the

two extractjon, g,t SasfadioRen 83 c%)?a.rr%e%\,/e 0 b0 f L i ohly

concent r at ed* &% é % ng‘ he

first zone B?V’c’}ﬁa TP Sctdrl % T35 PPRe? n&sﬁ CIyY FERBab ht °T]H)e°§€ BRd
zone, owi Agatemshandoadso tanaphihal &c Amid Radsheprhthadiigepedd ¢ iSwdtapéat ur es
further extdamtires atet hfomoldxgowde, onlkarnediamimesmrhawingnfromhe ted@nd zone

serves esseé!;ﬂ)é?dla)llﬁ'off&ﬁw&.ﬁmpeéifﬁérﬂdtbmadh@Ié@gn-G@DﬁrQéﬁﬁﬁmﬂn& order

that th'sﬁE'sggs ita&n%orsﬂéﬁg,f)ln%%h'aaet hffv%lcmrsa@ 8hi ASPIRIAAYbA6Yarid) G3i Of age or
second zonegf‘fe’ép amq'g’% 234 i" gaensure BI l{c av\és% and, ot The®ehi p

for the 28bSYyRARD ?Fa?%%d (’s“t |a(‘,‘IY| Aggtyed A I’*B@\Hml%nﬁé‘itanY%“WePHél%econd
zone conpar 8 ap teguiNalent statione OAdeR Y iswder yivdughirdiadc 49nifiaangRi age of

t he 25 heavpelymsgrodetaan dndpoiligemidestbasedeon Tdwpradsicdaemgce ti ne of the

pol yam de i Rekdifethylehed DalkireS a@aNLLSd | daipithhBid hei gophgRaif®maAdt 0 10
hours, pr efg Gply t\grEEh@hﬁﬁé hgigange from4 to 6 hours. The residence tine
inthe s zone beheath Is generally within the range from2 to 60

m nut es, %referabl y within the range from5 to 30 mnutes. In general, from
60 to 99% oPolymnislet chip$ orydiicmd ly scammmiset €doho2 iy USKebfi wesigtoné. 35 The
extractor i gaprefstahl moflbmeh angedapt el s timn gl egéhherthasgecseI BV £rohi gh

di schar ges welpplaya%@&m@% laagseu&wtam trf2RAbiet 08 cefa %zs&ra@@mrmlgeﬂler
ransiers bolfblidt CREDSPALIILLIN HAVETs GHEE Ul eni Il BEREL GR R T O

provi des 250 Very un| |on ess ar ge prevents
bri dgi ng “of pér’h}cl e 8 Fl°t‘he7‘ cﬁ E€har ge region. The d| schar ged anount of
pol yam de and hence the polyam de |level in the extraction colum can be

control | ed ’:‘hé‘ g aak8ed @iea hayShagl eic1ay: iddfudddusicenasf ddklives
quantities eraﬁtﬁswf sa“%Pg”?{&aq{luwah%xf«ﬁ{ Cthutcae%h? af”q%n%ngr the

extractor t crew,
i qui d \lescﬁ ?S' éﬁ?ﬁféFE’ﬂrsPJe]rﬁcattS tﬁ%a ltzleﬁg p‘?) 'a’mc(ﬁ’?pﬁﬁ&i ht atlt’réiegarre

ti me ensur ed"@rrtkiidr Betprbhadiidese anpEUAaghg| and reyrEorebnd A9engsi " phase
i n the basecnegpraryokrmphetextThecedditives @mei hypiral lyaekdesi prforthe

pol yam de dtsehwy gad aftem thwe paliymaeizon ot hddnbéfsren ther pélktailzing

extract abl egtepnt ent of from4 to 15% by weight. This residual extractables
content consists essentially of caprolactam nononmer, whereas the oligoners
of caprol3&tam and especially the diner have been appreciably renmoved by
the processThe RHgaBidgehqs inhrosured. iMiger tepnebdnging 6xsragtion Ifplumnght
pref erably #bBiel),i3b%sbyntbaljiyt veatécal el goeifarahky polbpdar deThelhe

hi ghl'y_concgstyaiiie exipacébiLiiededstePriieholiihetizioncand sfbsermensary,

be initiall )Seii’éélfﬁrngcgeﬁgé‘té'ﬁ; e Egd at§'trh@| @oﬁ{:ﬁg.?ou]ss eXer T {dn HYoAdfin

concentrat or by r e5|re owever N EES al sq_bhe
returned38nio-th m;’]s rrer| FERT oatef clrd‘ré Frﬁgy WOt trr| oph’f B her wat er

renoval or SFP%‘?ateﬁ?dl PBNERE HADSROLEIRDIREEANPY 2B Wrﬁéﬁf‘gr MR 1 i bri um
posi tion as (E&aykr @ddnfahl t iRt qrther eatxaqm;n@e@hat & teFperature of from
extract ant/ pol yard0i€, r fox cex@mplel The Iclipss paseddaynwatriddi €hwdudghr theduces
the anount ekt¥@d+ion eoleémeviairagedv ity idi@ hhke dDsdidrged hbecwasibwieher .
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to 100°C into the top circuit, extractant being removed in the
first zone at the rate at which water is added at the base of the
column and caprolactam is added in the top circuit. Sufficient
fresh caprolactam is added to maintain the caprolactam
concentration in the first zone within the specified range. The
high caprolactam concentration speeds up the removal of
caprolactam oligomer, especially caprolactam dimer, from the
polyamide, the better equilibrium position making it possible to
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resi dual extrac és content o sand A drier content of 0.55%

The residence time of the polyamide in the first zone is
generally within the range from 2 to 10 hours, preferably within
the range from 4 to 6 hours. The residence time in the second
zone beneath is generally within the range from 2 to 60 minutes,
preferably within the range from 5 to 30 minutes. In general,
from 60 to 99% of the extraction time is accounted for by the
first zone.

30

35
The extractor is preferably discharged via a single discharge

screw, which discharges the polyamide continuously without loss
of extractant and transfers it into a transportation water
circuit. The discharge screw provides for a very uniform and

40 attritionless discharge and prevents bridging of particles in the
discharge region. The discharged amount of polyamide and hence
the polyamide level in the extraction column can be controlled
via the speed of the single screw. The addition of small
quantities of water to the transportation water circuit, which

45 enter the extractor through the screw, serves to create, in the
screw, a flow of liquid which is countercurrent to the exiting
polyamide and at the same time ensures an upward flow of the
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Exanple 4 is repeated with unextracted nylon chips, 15 affording a residual
extractabl es content of 2.1% and a di mer content of 0.55% The Inventive
and Conpar &heveoBanigiec distargddatfrometpye cxdgachion rolumasbas & nventi on
reduces theebsgshslliaixttattasledlemtennt entfith andoesPedtyakeyghbe THiwer
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ext ract ant FPYAREIP 0 RIFIPE eSORAINF 2RACRKt TOltS &Y POl PREEeFaPIY vided into
two zones, <O 8a%iby welighpol yeariaphieived in ride podivamidey aqueous extract ant
conprising from40 to 95% by wei ght of a-caprolactamin a first zone,

wherein the 10, t erature. in the first zone is_withi.n the range from95 to
oG and SHBoni T BERngeRe ke Srbipeh AR Pk ik R PERe R Gt or
a flow rat éfoPeFeiARY 2PRoiB B Ay ARBLEET SANGEREE2E§HE O BRRIMUISFATRde

within tf oramgkt fvshag? condgntriatorebyi yerovadc ofidvatar, Ifhdeeiredhe ratio
of the t'Ub&owever, it can also be returned into the polymerization stage

directly without prior further water removal or after addition of
fresh caprolactam.

20 The better equilibrium position as compared with the prior art
means that a smaller extractant/polyamide ratio of 1:1 to 1:2 is
needed, which further reduces the amount of water to be
evaporated during the workup of the wash water. Moreover, the
high concentration of caprolactam in the extract means an end to

25 the troublesome precipitation of caprolactam oligomers during the
further processing of the extract.

The further removal from the extracted polyamide of low molecular
weight constituents (oligomers, caprolactam, etc.) still present

30 therein can be effected using various inexpensive processes which
are known to one skilled in the art, but which do not lead to the
desired low residual extractables contents without the prior
removal of oligomer. The removal takes place in particular in the
melt under reduced pressure or at atmospheric pressure, and steam

35 can be introduced, if desired (melt delactamization in thin-film
apparatus or in a devolatalizing extruder, see DE-A-39 32 793 for
example). The low molecular weight constituents can also be
removed by treating the extracted polyamide chips with a hot
inert gas, especially with superheated steam, under reduced

40 pressure or at atmospheric pressure.

Brief description of the drawings:

Fig. 1 shows a schematic of a first embodiment of an extraction
column for the process of the present invention;
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15 dianmeter_of the first zone to that of the second zone is wthin M
range fr,om%qsloéﬁs%ll. 2. A process as clainmed in claiml1, wherein tQEe AT 200
extractant is 20 recirculated in the first zone by renoving it in the top
region and feeding it into the bottomregion. 3. A process as clainmed in
claim1, wherein the extractant is recBrculated within a subregion of the
first zone.rizh 4. Ahowacessclamatiai oEdai furdheirmefboddmesrai ot AR extract ant
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said discharge screw 4 into said extraction column 1 as requlred.
On passing through said extraction column 1, the water initially
picks up caprolactam in said second zone 3 and then mixes in the
bottom part of said first zone 2 with the extractant which is
circulated therein. This is removed in the top part of said first
zone 2 by a pump 7, passed through a heat exchanger 10 which
maintains the temperature within the desired range and
reintroduced through a perforated plate 11 in the bottom region
of said first zone 2. Some of the extractant is removed at 8 and
sufficient fresh caprolactam is supplied via 9 and sufficient
water via 6 so that the caprolactam concentration in the
extractant is maintained within the desired range. Said upper
zone 2 can, if desired, be additionally heated by jacketed tubes
13, whereas said second zone 3 is not externally heated, but may
be cooled, if desired.

La

25

30

35

A further embodiment of an extraction column useful for the
process of the present invention is shown in Fig. 2. Said
extraction column 1 comprises a first (upper) zone 2 and a second

40 (lower) zone 3. The ratio of the length of said first zone 2 to
that of said second zone 3 is generally within the range from 1:5
to 5:1, preferably within the range from 1:2 to 2:1. The ratio of
the tube diameters is as specified for Fig. 1. The regions A and
B extend over roughly the same length.
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4.2 kg/h of fresh water 6 at 20°C. The length of the tubular

second zone 3 is 4000 mm coupled with a diameter of 50 mm. In

said first zone 2 0.4 m3/h of extractant is removed with a

recirculating pump 7 and, after passage through a heat exchanger

10, reintroduced into said zone 2 via a perforated plate 11. The

temperature is set to 125°C via said heat exchanger. 17 kg/h of

liquid caprolactam 9 are metered into the circuit upstream of

said heat exchanger to maintain a caprolactam concentration of

80% in said zone 2. The chips discharged by the discharge screw 4

have a residual extractables content of 14% and a dimer content

of 0.11%.
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Inventive Example 2

15
200 g of chips pretreated as under Inventive Example 1 are
treated batchwise with 70 g/h of superheated steam at 180°C and a
pressure of 70 mbar over a period of 24 hours, leaving a residual

extractables content of 0.2% and a dimer content of 0.04%.
20

Comparative Example 2

200 g of unextracted nylon 6 chips are treated as described under
Inventive Example 2, affording a residual extractables content of
0.9% and a dimer content of 0.4%.

25

Inventive Example 3

30 Chips which have been pretreated as under Inventive Example 1 are
treated via a devolatalizing extruder (25K 25, from Werner &
Pfleiderer) having two devolatalizing domes and a graduated
vacuum (120 mbar, <10 mbar, from 280 to 290°C). The throughput is
5 kg/h. The polyamide chips obtained have a residual extractables

35 content of 0.5% and a dimer content of 0.03%.

Comparative Example 3

40 The extruder treatment of Inventive Example 3 is repeated with
unextracted nylon 6 chips, affording a residual extractables
content of 1.9% and a dimer content of 0.55%.
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introduction of steam. The melt temperatures in the
devolatalizing zones range from 280 to 300°C. The throughput is
5 kg/h. The polyamide has a residual extractables content of 0.6%

and a dimer content of 0.05%.
10
Comparative Example 4

Inventive Example 4 is repeated with unextracted nylon chips,
15 affording a residual extractables content of 2.1% and a dimer
content of 0.55%.

The Inventive and Comparative Examples show that the process of
the present invention reduces the residual extractables content

20 and especially the dimer content of nylon 6 chips significantly
upon extraction.
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"109%& () - Yt dydyddddds f0Kzhlo1actam in a first zone, wherein the
10 temperature in the first zone is within the range from 55 to
140°C, and then effecting a countercurrent aftertreatment
with cold water at a flow rate of from 0.2 to 6.0 m/h and a
residence time of the polyamide within the range from 2 to 60
minutes in a second zone, wherein the ratio of the tube
15 . . ;
diameter of the first zone to that of the second zone 1is
within the range from 8:1 to 2:1.

A process as claimed in claim 1, wherein the extractant is
20 recirculated in the first zone by removing it in the top
region and feeding it into the bottom region.

3. A process as claimed in claim 1, wherein the extractant is

recirculated within a subregion of the first zone.
25 -

4. A process as claimed in claim 3, wherein the extractant is
recirculated by removing it from the top region and
reintroducing it in the middle region.

30 . . . . ,

5. A process as claimed in any of the preceding claims, wherein
a sufficient amount of the extract recirculating in-the first
zone 1s removed and replaced by fresh caprolactam and water
at the base of the extraction column to establish the

35 .caprolactam content of from 40 to 95% by weight in the first
zone.

6. A process as claimed in claim 5, wherein the caprolactam is
introduced into the recirculating stream and/or directly into

40 the bottom region of the first zone. '

7.

A process as claimed in any of the preceding claims, wherein
the weight ratio of extraction solution to the polyamide in

the first zone is within the range from 1:1 to 1:2.
45
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10 the ratio of the length of the first zone (2) to that of the

second zone (3) being within the range from 1:5 to 5:1, and

the ratio of the tube diameters of the first zone (2) to

those of the second zone (3) being within the range from 8:1
15 to 2:1.

9. An extraction column as claimed in claim 8, wherein the first
zone (2) is connected to the second zone (3) via a

funnel-shaped section (14).
20

10. An extraction column as claimed in claim 8 or 9, wherein the

means for feeding the extractant comprise an annular nozzle
or perforated plate (1l1).
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