; e3edt $4q@&$6\ $TSIT 93 0 JUN 2003 -1 METHOD FOR PRODUCI NG POLYAM DE 6
COF A LOW EXTRACT CONTENT, HI GH VI SCOSI TY STABI LI TY AND LOW REMONOVERIOZAN 2089

RATE 5 Nyl on-6 the manufacture of fiber, filmand nol dings. The
IOOI yners obtai r{m\mﬂmmm\“\ Mol ymeri zation include a hi gh | evel of

s-caprol actam and of ?, nol ecul ar wei ght reaction products (oligomer)
because of the chem ca equilibria. Since caprol actam ol i goner and

caprol act am non mm bl e and extractable in water, the |level of |ow
nol ecul ar wei ghammll“mlmwm s in the polyner is also 10 known as its
extractabl es content.gede Prevent any inpairment to product quality and

processing properties for exanple during injection or extrusion nplding or
during spi € e a

requisite extf%E’gﬁeljmbwmebbmmmwdmmammthnwmvfzgm@ %\éatA ec217 > 308
tenperatures, as descri] or - A

To increase the vyi ep@Wﬁ%hb?%%@$@gtﬁ€%%ﬁfg§%ﬁd any adverse i npact
on the environnment, agqueousREMONOMERIZATFION&ATENt |y not di sposed of as

wast e, hut _aLe_LecycLedq_zo;Lhe_Lcmeuchm_u_w_aLaLLgcﬁer_and_espem ally

dimer is not the Ieast reason why conplicated and energy-intensive
processing e n er

pol yam des g\%ﬁ 1§]§1§C tfcﬂ tkllxg nl‘fiﬁl% acmg o&"g'%elb)gtlmi e dm%}cim% Jg poﬁ ngér %Cesses
capr ol act arrph’@wmdé?y m@lt@S’ Qi?;a%pnsmblyde bllmleﬁdroflfa@pmqalﬁ aodi ogdmer in t he
extraction Qfol%dlﬁ%@ght@@acﬁwﬁ‘ﬁpr%c@l(@h% éﬁ%@éaﬁs@BPﬂ@%ﬁén&gﬂédiﬂh&?aor ol actam

nononer to the water at tre st'a e extraction. Boce ses are al so

known i n whiolHCIRRIok35am O a%msrsanécﬂ%r@ tams MOBTR R C BUUPle A iEX rag a‘ﬁﬁ
nmonomer andxmlwmnﬂie bkl of 1dvihenddedujunereigdbcoAsitBetS i@k BolPmei $sCh1@ses a

denono he polyner is subjected to a vacuumin
Che oo n Bhb Pl G RARAR St ¢ PO VITT 1S Y BOUON 2003 o5 AN the
processes nentloned have the di sadvantage of requiring in sone instances

nul ti st age, Te0§£elvymaaﬁly Qﬂﬁéi@ﬂﬁeﬁtnioeﬂﬁidi{& PP ahe }%E@EEQEE;SHO jtd1efopol ymer
and to work u gg ous. extract .urth blemls nge in

t he product © $B1315 IPJHth%lr?rl‘FeP“?i?’bEIQ ng,F R En Phet réctﬁQ@an a | ow
resi dual excomtentdiphdés betovwezed. and a defi ned vi sco sity. The polyner is
usual | y; processed, for exanple for extrusion or spinning, by repeating and
| i quefying | The high tenperatuyres are known to change or increase the

Vi scosity ah&]‘etr%“sr’@s‘?g’ﬁ’@&tllO%ﬁtqsﬁgb’aﬁmfé U ¢V he¥Rtgr et © ?%efféﬁempeaweﬁat Thi s
1 o viscosi hy desesibadifbr émn@mlwléﬁmeﬁel Ba& bt DE-hapA32028advanqeasefthect not
only on pro i n duct obj ect
of the pr esg]e&é 0?% rr? gx?iyxgatl%nba% §01d n%ed\(?eréje p%rgoo ug]}/encgnvbrgpﬁlgl?np des

whi ch have aqw@@aemacé&wér@gmﬂeswhdrapmwasomteehm ayesytladthe s 5
unextragied state, so that the technical and economc effort needed to
extract the.low nol ecul.ar i.ght constitu and to kK up the agueous
extract is Fgﬂﬁl‘c‘eff, Soi%ﬁ%%qﬁﬂ?goﬁﬁﬁ@?fﬁfﬁgﬁlgﬂhgv’eﬁﬁ%%‘s@)ﬁu St éﬁﬁ?@r‘%{ﬁ%r es and
condi ti ons, chrapbcaedizgydeencvgsotgisivg mbedssingt stendiaee Howlsr usetrfeaskein t he
resi dual expgachaflias, QPHE'E'?p }Jaﬁ,memwanm&x ﬁ%n?ag' M@obﬁ%ﬁdfwnd t hat
this object 1s ac |eve accordirng to the inve t|on pr ocess

produci ng | S¥SHRH FwRIEsERSd camplag‘éﬁ»eﬂloﬁwernm upgd @i |S9JHblh1§refh§QIr kﬂcwil c

pol ymerazzat bBQoxﬁEr Anihe @Rirddtionast, ny Rimed. fmz:lw—zyss M 16 NREAREPRbpIsed £ddiACN i n
short, and op naII further a nononers in the presence of
netal oxi de&? prg ’é’oﬂ%tf’%ﬂ 06%9%1 érag])g H{T}’ﬁg’é}”f“BP?n which permts

mechani cal renoval fromthe reaction m xture. The novel continuous process
for produci d at, | I h wat er
conpri ses tEﬂ)(%Q% )I’(gévgengﬁos Eé'xo(ﬁl % \?gcfl Yhe eeﬁﬁ%ctacxmgs %Hiﬂ@)? 1§ lb‘k’grg%ﬁmn?%onl trile
Wi th water utpizirgphe amnoemf arfdr ghgczm o Q©®1® golymeyy %@r@@%%i om 40 to
70 bar J agfshRied YbGerioidhithihih NShedinagld agﬁ]@,l 15 uBjelieg 0, f T om a
bet a- zeolite, sheet-silicate or OXI ecataP |nth formof a fixed
bed, 3 5 (2)’3‘214%!1)51qléﬁPq]‘ﬁnéﬁat%ﬂ@bﬂﬁf@m P@/‘hék@éﬁdl ng the reaction nixture
from step (1) into a first separation zone to a pressure of from20 to 40
bar, the pressure being at |east 10 bar |ower than the pressure in step ( 1
), and to a tenperature 3 0 JUN 2003 -3 within the range from 220 to 290C
by flash evaporation and renoval of ammonia, water and any aminonitrile
nononer and ol igomer, (3) further reacting the reaction mxture from step
(2) in the presence of water at a tenperature of from 200 to 290C and a
pressure of from25 to 55 bar and 5 in the presence or absence of a
Bronsted acid catal yst selected froma beta-zeolite, sheet-silicate or

nmetal oxide catalyst in the formof a fixed bed, (4) diabatically or

ad| abat| caI I ly expand| ng the react| on m xture from step (3) | nto a second

o o, o v o o . . S R —_— o,




reaction mxture and renoving themfromthe reaction m xture during_ar
‘after the reaction, to reduce the |level of extractables, to i ncr easé Ot Ul 2003
Viscosity stability and to | ower the repononerization rate in the pol yam de
obtained. 3 5 The nmetal oxide catalysts are preferably used in the form of

granul es, e dates, fi xe st - coat ed . pacKki nts or
hternats. - MLBEHdcsscs siong BpGun B plaet R ERPEn T ShhdpEtinces
particul ar | yudtessagel bestlyydteherggxiatepsies steps &i denednowmerizl klgsssolpmeandriose

stated, all centages in the description and the clains
are by wei g\hvt%%%me %%(g{cg%x?géh[l trile used has a purity of 99.9% by wei ght
and contains 250 ppm of tetrahydroazep| ne. 5 Exanple 1 A reactl on soI ut| on

of ani n%caprqomltlrer lpﬁoeli‘;%]ﬂeg("ﬁ‘]%@EhaﬁﬁngrtL%i‘ddggt gﬁtﬁ%é@h‘f focds g 1S

punped to a heat ed er desired rbact o
t enper at ur eX{rackdnnyjon évt?arﬁ%m kv repiiuah pdEasiables gogienband Héie IE@HVb'Gﬁ’rp is 10

set to aboutltﬁermrolmeleﬁsmﬁﬂry ﬁ@t:estsae fb?@%ﬁ}ﬂé\ féryé&ﬁ@io‘hocﬁr%nﬁn

phase The h at ed re xth s subsequent | %Vfﬂﬁafglfi Ar ou a heat ed
cylindrical® hSHIa AN mye fing 1 eh Jorapesguies gre g BESOY BHGRH of 1000
mm The t ubthei slsmtxbzeahdwht:rregatmemxtacraeleb eind psiepdraendmencértémniThin di oxi de

fromFinnti,.type S ...and having a di aneter o a.length within
the rards. ¢ VishieaS, Bisitin g eR RO eRfiol TRYE i ErfinPRR A TRl 1§
surface ar eproséssaigoepera®@s h@y ajso arsprodedentlityn t he anatase formand is held
by sieves in the reaction tube and separated fromthe exiting product
stream For_flash evaporatlon the reaction mxture, which is under a
pressure of labog® Fyedart thes PEeSFiti MYSRLOT le ppavide PERCeshdoR PdICnghe t ube,

via a cont rpblyuatdee which lavbeataidced lekgbtaied askpanét tomemeswal inaf to a

0 to,35,bar t f
P phases. PIOPHECH Sess hdome R iaE if Beshbimic ClpfraRrat E I B8 ot eoent
in the mxt mvelrméwuimsrselgtmconttheemanmawerk W theraque@istextiast ideedised.n t he
separation é(rﬁf%ﬁloh Wﬁﬂe? 'Bu&&ﬁ?rty%ﬁ{)éé‘ﬁin %{n%gﬁﬁ& Eoh RN, héh%]mgityrﬁer I's

conti nuously, pu ase region o

post r eact or"isﬁ?%tyas%lébénﬁ’%ézi?‘é%f W?qaﬁ’d M Eh§l repidpal exdxariahles rontest thaner nal
di anet er of kgdwvmpolgaglides] engt h of 1000 nm at a pressure within the range
from 3(} to 45 bar (see table). The tube is |ikew se packed with the
abovenenti oned catal yst pellets. The second flash evaporation is effected
by expandi ni/e brverfewed thehthis ojent és adhieved corrrdiok ty tevigvention by s pwgnts

cylindrical fdrqﬁ@d&smowasﬁémmdpaﬁmﬁm&r 6 By @Bhtinuofs %y@r‘% tchaﬁy
separation vessel is.al so ’f‘iﬁl ocC tlﬁ]& for t OSt[F§ & :%

especi al l'y P23y egﬁH’érH’s’atf erg ﬁ”@ﬁh"t“?‘@ﬁ 0B t"ﬂln after a
resi dence t optboraily ffugherdpdliyamidéberfring tntwlomfsymethe @bésancmedf rmtal beides.

cont i nugusl | t react or
Vin o e BpEREIRBRRS Y it Lo i P ARG R E e e’ PEC
wat er bat h areactie miktpseed. 3 5 The process paraneters are listed in Table 1.
The results show that the correspondl ng poI yam des have a | ow extractabl es

cont ent le\ﬂ_1 th@ ran e from9. 8% 2‘%6 The. frac]tﬂaon of | ow
mol ecul ar ReY o"r?§t‘ ’t“i}’érﬁrgcqsh rh%ro ueing) Pyl Dy acting ghiepsie®eor oduced
accordi ng tmntﬂmmtnh:v\en]h water comphtiss ithecfol lywingyeegpst han i n pol yam des obt ai ned
from cg rol actam by conventional znelt polynerization in a VK tube,
described in DE-A-14 95 198, EP-A-0 462 47G and EP-A-0 020 946. These have
an ext r act ab esrezotingaitleast ond aminonitride with wetaylat a tenpsratupd ef fom 208t i on

sol ution of ani poEPLQY rEsrshlleeof%‘b% ¥atLr0 wqharﬂom HbBGoktaiify £ABNnsRger =
1:6) is punped tq.a hayate heat exchanger and heated to the desire

reaction tenper a88'dr ety ithssiecied Siphian hetaeoktse shsetsiisple oF deetak oFils f eed
punp is 1 o set catalygthﬁlﬂlﬁeﬁ&nhﬁlaﬁx@db%ure that the reaction systemforns a
si ngl e_pha The ed re m Xt ure i sub uent.| np rough a
heat edBEy @arl Q‘zﬂ’h‘t E)l gfﬂbll ﬁ’f%atnﬂgllg tZ‘lea{ﬁ%(t 8 t‘:‘i% ﬁﬁﬁn ﬁgp gﬁl ength
of 1000 mMm Thelrttorlaeﬁnsssematahenl zong to e @reskyrs tof Jeink éOSOMOdma,rtéd presours
titani um di oxi dg.; ¢l 4 mm
and a length w ?ﬂlkggfﬁgfr@nr%&ei re)cggnﬁ@qlé%g%s‘ﬁg% 51%%'(9 tanr u?%%cfj gxf?l de,

whi ch has a specific surface area of about 100 nez/g, is present in the
anatase fornl and is,held by sieves in the reaction tube and separated from
the exiting product stream For flash evaporation, the reaction m xture,
which is under a pressure of about 50 bar, is continuously expanded, at the
end of the tube, via a control valve into a heated cylindrical separation
vessel and to a pressure of from2 0 30 to 40 bar (see also Table 2). The
reaction mxture forns two phases in the process, so that the water and
amoni a quant| t| es present |n the mxture can pass |nto t he gas phase
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4. NNNNNNHa&WLﬁCNﬂPg? gM\2 29 éqgg%g&%hr@v@(@aﬁm end remo Eill:EIJO}N ~ 7

O'~ ~ ~", ' V-a@mdnia, wateRand-anl ariinehigrile orthef bndoligdvhép, b O C O a~ cUd w O
0 01 N ON\A:?; 4.@1{1)\ bD..~. .d ..b cg! chw@%gl_c?gNO N ~. . N 3 0 JUN
7003 - 12 \Kdcolirher wadling fheyeastion pukyreromsiepdad insthe peesgnee foratst &t ani ity

i ﬁ aI measgre gfatdm@desﬂgmﬁrfmgom eg@ﬂ(aar;]d/\@b@b%u]buf frdmmhi)fo Sﬂﬂbﬁrmﬂyrer in
the liquid and sol,i ase. The greater .the, stabi,li oot b er tlae 5
change ;é'n t he pwoh}fch’pe@%CSo%Ii ??feaﬁ I‘?%r‘? Bronsigd QCI?iWy}%tsé’fe\‘iiqrga%W &hi ch the
pol ymer is preskaia-zeglite,sbeetstilicare atrattel, oxXide catadpstyn thefform bfia fined bet, ocessi ng.
A hi gh viscqsity; 1Ly, 4 i t : NIy I nmany
application § s%{lﬁ?:&etpclgltw eéﬁs%dﬁ%g.ﬁg%hgFﬁ%ﬁ’tnggﬁéﬁ%mgﬁgbert i%@aﬁg‘g f?i)ni m zes
the effect of phTassicard Gpraratiqropencoty ehpressuscokiftoyn 1@ TheOreastieed

resul ts herei nbgleoyirs BeiptAhatast NG bROINAIN HES tHer ReMeRMirAGER (P BRd tPat he
i nvention have a hi gher vj scog!%t stabiljty ts{b%n conyentional ly polynerized

. n l,y
conpar &0 ve pol {FEHeERLYe Wighigd Fm FO0Voselst 18y SeskheVapPiptioRndr oduct s
directly pol ynefeneel &ff bl wateoird 49 dnfindiigile MoabineOimddlgomery acted with
wat er and dried under reduced pressure. The rel ative solution viscosity
(RV) is then determned in 1 %strength by weight solution in 96% 2 o
strengt h byThepgphess pudfenablycfudberdnend@st: {Hlowinpstggr i son, caprol actami s
conventional ly hydrolytically polycondensed for a |l ength of tine such that
t he product viscosities correspond to the viscosities of the paol yam des
producé@ frGm Aesgtcondensingtheypdudt snixte drom Bep (s Gstempeatuns 9t figm ot
only the sol uti 230 i 28066 iahil @ prdemire alf font B8] e&10 bati scosities of all product
sanpl es - produced from ACN or from caprol actam - are redeterm ned
following aging for 15 and 25 mnutes at 270C. The nelt viscosities are
det er mi ned Tt regninowitipe | nangmerh eande pbgomers 2eg0vah dbya fleble sgvagomgtion ddi ent  of
100/s. 3 Qepkiibl 2003 aribltty RulfRasiieRILRLSt arting product After 15
m nAfter 25 minviscosSity stabil’ityaging at 270Cagi ng at 270CFrom run no. RV
1Resi d#8l SV2RV 1SV2RV
1noi st ur e[ dResirfliiBas the/anYintioH) ti2?Retérdg 84604 c84l¢armagd sonbe known metal

11 . 750. 0652 0 02. r Q- ac . 0 ) ! i son

21 630, 0aea 08 TGS Aiahl Gias bkfidn i RReRiEm e AR ARAL, 20T

32. 050. 0396euthagen sxesmdqupleeablic titarjum figxideras vegll asesiiqatasosichyas betp-

Sﬁl uti or%, geﬁll%eﬁ 28 |sheé(js§lf‘cﬁféis.tB(?n%u(g&fﬁréﬁre%%ézlié%ig@QbQitéﬁ@x}‘lﬁiio%iﬂ@in}/ﬂhﬁgos: E 3/
changes I C r Uct s r ce rom un I n.tne 1.guUl ne
haca are dndsh Lo, Tokans e HRIAR Sl PrEs ndom Peikts prseytaty See. £ om
capr ol act anprefe@atiRe 8t dasi|90&x tespeciadllyl esentially £01% ot wan fiaxenibardythpreodnct The
extracted ri i f u f enper ed
T ot unbl ST bl elHeb e 408 BYETRANCY, R i AR, Coief o ZTRETS

24 hours, tfheoryls Jorepxampla diglingtly dmpraveehe ireacien ©of thsf reagents pemtignegket er ni ne

the resi duaduifhld @edlpdt 8% paRReRIly, notabe for iRefagPthitakd ok 85 IRBB ARt
S are reextyracte nol. To

previously extracted sanples, the chi wth neth

Phis ol Aot 3 Bt e THES ary i tecs dife Af o il (1 Y00 Shed i nto
an extract ilstersparves acathlFax hheta -meackssaopied fosrt WO pdrmifs weicharicll for 16
h. The neth N t i q LSt f 50C and
about 100 r%ggﬂaflﬂgggtrhgtpg%n%vﬁa%gﬁg (;E? E%f%?fth%b? Q%An%plfglgzi%déﬁg?gg%\r’egc%abI es
can be det eilidraethg peoposaltisifenteycatgdusteto be vsekein exgrudateuehip foran on@s nononer
is lost in goggngggrpg&d{q% efehendi stillation of the methanol. 3 0 JUN ?.003
- 14 Renononeri Zation of an exenplary product To neasure the

remonofderi zation rate, the change in the residual extractables 5 content
after 10 mThd @8ividgl Phceds stdps vl e horetpagicihlyelesGibatie at tenperatures
of 240 and 270C is investigated. To this end, the polyam de chips are
melted in a visconmeter (rheograph) at 240C or 270C for 10 mn, and the

resi dual extractables content of the product, extruded in filanmentary form
i s subsequently redeterm ned using the above nethod. The conparison in the
extractabl es increase in the 10 pol yam de produced from am nocapronitrile
w sh the product synthesized conventionally from caprol actam shows that the
increase in the residual extractables content and thus the renononerization
rate in the polynmer produced according to the invention is distinctly

sl ower or less. 15 Table 4 Conparative exanpl eFromrun No. 4Rel ative
viscosity2.72. 7Increase in extractables at 240C (g/ 100 g)0. 760. 49I ncr ease
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(s) postcondensing the product m xture fromstep (4) at a tenperature
from230 to 280 C. and a pressure of fromO0.01 to 10 bar. A process 3a@5JUN 2003
claimed in claiml, wherein the am nonigrile nonomers and ol i goners renoved
by flash evaporatlon in steps (2) and (4) are returned into the reaction.

4. A proces .|nc ml, V\Znerelnther ure iLh steps (
1) and (3 B Pi%reks?&ﬂowféwsieﬁgw@ TPIXHHE & QY tlw%aﬁgj@séguagfﬂ& ai ned

i 2UC|AaIU mAI@ X/h@erA %\ nAamethc\mm ¢atdly s s vhich amraiemw opdrhtet a8 a sifgleA. A, U

<’> GIXx| wr mhc”~Y] ca] ca C ] Ca ] |'td] va ca] caj ca

fisbiioede; A8 ey e 204 da2005€ pedyy
] ca] ca] ca] ca] ca] ca] calron] 2H] wa2gd0c@] paradulady] pieferabi X GYRIT %0<RIY .} xs

L cal oh] aal cal ca) oa] cap o Sate B e?é]%*&%a%@@%@%d%@é@é&b%@%&%ﬂ cal sa

FPP{ wr ]rmb} VU] ca]U] ciaU] c@]gjallza]@aﬁﬁap d@]lmg]l":lae] cggalca] n&at]enal] sairesen) c%]éig %?]R%
ca] ca] ca] ca] ca] ca] ca QE@RAQ QRRLLLALQAR

nBSySzSSS| vgl ga\ V| wr mh 5 U? ? L}?cﬁj? ? {gﬁ] ca] caU] ca] caU] ca]c”a] cal] ca]c

aU] ca] cal] ca] cal] ca] ca] cal] ca] ca] caU] ca] cal] ca] caU] ca] caSTT4T6T7/TKTNnTST

UUd Ue UUUUUUSIIWIY VVYERY) hrdéawiodavwaiehctiol| %ﬁm{@x\e\/l psa] ﬁﬂb's&cﬁﬁhﬂ U] déa] cay ca]
cal] cal.cal] ca caU] cal c%%! ca! @agl cal caUl ca ca] cal] ca
] cakKVSVMVZV] Vhk W H]eé ]’caU] calc
a zone is generally within the range from 20 to 40 bar, preferably

J cral cavl cal call cal ¢ Qe aRIEAM A GRISAL R aE AT ARAGAHNE 3 et ko] cal c”al

%xgxgx%(;?(]z;?mwmmwwmwwhm[ e vergebirow) @4]te aUjasss.caV] cal c
aU] ca] ]caU]U]ca] gf;7U]7<;f;]7g ;gggﬂ}l;q]&@ﬂ&a}ls@rk chrleabiampaale absRWeomhgal cal] ca]
ca] c™al.cal] ca
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] ca] cal] ca] caU] ca] caUpmmess of expansion is accompanied by a flash evaporation

WV ca] cal] ca] cal] ca] cqidoald fiRliea 463k R the A8 Mikeird) ol atimbhidadgacceddee

ﬁﬁ h2h[ h] khki kI (1/1} x¥ated qepetities stillaugsen] athe dpecdibaanizdyrealeey] edltdin] cal cal ¢

a] ca] ga] ca] ca] ca] ca] capleieC absaittentC alisin] &aleahcbelieidd / mBhohéed rRANN@o00Tp
rrr

)s/pgg?u 40 (171} xsni d_zPHe3TeaRestifcation) da ey uap nch Bsidly) BReE O8] ca) cal ¢

a] ca] ca] ca] ca] ca] ca] ca/]awa]ana]anm]cxm] vapprsaffara Jtha §ystDx ¥ndad@ssBe pyganics
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10%m8 %-! | 3" 100& ( FXGRPEET fagthey veth addedodikewise arehsated Yalek Bih@es () - SR
<?,a?bCl\ f/ 109%&' () - @ further reactor where it is further reacted at temperatures of from
10%r&: () - F+10%TE! () - ShAPUPRdel: pShshP U 40 8/ 0y preferably
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1098 () Ghve ()- S $ hresedtoesiom ”Jf” %6592‘%@ om 25 19 35 P BiT6%: () -

109&' ()-1109& () - ~EXZM§MOWl¢hmO%€:&1‘a@ge EtO@ 30 ILCOQY&b(a) If! desiredoghig sfage- | A

5'10%& ()-! sl10%&' () 0 . ! %
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water and ammonia vapors {rom the system and return the organics
into the process, preferably into step 1.
Step (5):  The reaction mixture is then preferably transferred into a postreaction
15 zone, where the product mixture is postcondensed at a temperature

of from 220 to 280°C, preferably from 240 to 250°C.

This process of reheating the reaction mixture followed by a flash evaporation can
be repeated, if necessary. The amount of water evaporated in the various separation
20  zones and the associated lowering in the temperature can be specifically controlled
through the particular pressure established. The advantage is that, owing to this
adiabatic separation or vaporization from the reaction mixture, no oligomers or
additives can separate out on apparatus and heat exchanger surfaces, thus
preventing fouling by volatile organic and inorganic components.
25
In another preferred embodiment, the expanding reaction mixture has energy
supplied to it through heat exchangers. The removal of the gas phase may be
effected by using stirred or unstirred separating tanks or tank batteries and also by
the use of evaporator apparatuses, for example by means of circulatory evaporators
30  or thin-film evaporators, filmtruders or by annular disk reactors, which ensure an
enlarged phase interface. Recirculation of the reaction mixture or the use of a loop
reactor may be necessary to enlarge the phase interface. Furthermore, the removal
of the gas phase can be furthered by the addition of water vapor or inert gas into
the liquid phase.
35
As customary additives and fillers there may be used pigments, such as titanium

dioxide, silicon dioxide or talc, chain regulators, such as aliphatic and aromatic
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In a particularly preferred embodiment, chain regulators and other additives are

added after the second reaction stage (separation zone) and before or in the third

reaction stage. This has the advantage that the chain regulators can be dissolved
15  directly in the water which is continuously fed into the third reaction stage.

The polymer obtained according to the invention can then be further processed
according to customary methods, for example converted into piece form in a
conventional manner by melt-extruding it in the form of profiles, which are

20  quenched in a waterbath and then pelletized. The pellets can then be conventionally
extracted and subsequently or simultaneously converted into high molecular
weight polyamide. 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

25  end product is generally within the range from 120 to 350 ml/g. It can be set in a
conventional manner.

The invention also provides for the use of metal oxides as heterogeneous catalysts
in a process for producing polyamides by reaction of aminonitriles and water by
30 using the metal oxides in a form which permits mechanical removal from the
reaction mixture and removing them from the reaction mixture during or after the
reaction, to reduce the level of extractables, to increase the viscosity stability and to

lower the remonomerization rate in the polyamide obtained.

35  The metal oxide catalysts are preferably used in the form of granules, extrudates,
fixed beds or catalyst-coated packing elements or internals.
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with catalyst pellets prepared from titanium dioxide from Finnti, type S150, and

having a diameter of 4 mm and a length within the range from 5 to 20 mm. The
15 titanium dioxide, which has a specific surface area of about 100 m?/g, is present in
the anatase form and is held by sieves in the reaction tube and separated from the
exiting product stream. For flash evaporation, the reaction mixture, which is under
a pressure of about 50 bar, is continuously expanded, at the end of the tube, via a
control valve into a heated cylindrical separation vessel and to a pressure of from
20 30 to 35 bar (see table). The reaction mixture forms two phases in the process, so
that the water and ammonia quantities present in the mixture can pass into the gas
phase. After a 3 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 into a second heated cylindrical tube having an
25  internal diameter of 36 mm and a length of 1000 mm, at a pressure within the range
from 30 to 45 bar (see table). The tube is likewise packed with the abovementioned
catalyst pellets. The second flash evaporation is effected by expanding the reaction
mixture via a control valve into a second cylindrical receiving vessel and pressures
of from 1 to 2 bar. The separation vessel is also the location for the postreaction
30 and especially the postcondensation of the reaction solution, so that, after a
residence time of from 4 to 7 hours, the polymer obtained may be continuously
discharged by a melt pump from the base region of the reactor via a die into a

waterbath in the form of profiles, consolidated in the waterbath and pelletized.

35 The process parameters are listed in Table 1. The results show that the
corresponding polyamides have a low extractables content within the range from
9.0 to 9.8% by weight. The fraction of low molecular weight constituents in the



L0%& () -6 10%& ()-6 109%& ()-6 109%& () - 6RRRRRRR} CDSSO\H 10%& (); 6
‘10%& ()-6 10%& ()-6 10%& ()-6 10%& ()-6 10%& ()-6 3 0" JUN 2003
1099& () - 6RRRRRRRsY?9% 1090& () - 6 10%3&'8() 6 10%& ()-6 109%& ()-6

10%& ()-6S9\ H RRRRRRRR} ¢l 10%0& ( 0%8& ()-6 10%& ()-6 10%& ()-6
109%& ()-6 10%& ()-6 10%& ()-6 10%0&'() 6RRRRRRRXD* | 10%& () - 6

10%&' () - 6 pOYeRides - Bodaod &a¢cor@ng 0oh fie( INVESNTHIRRRRRRAR] lowet i) - 6

10 ) S SR P T S 5
10%& () - 6 SYKHIHRRRREERRCd | 111 +14)9561 9809 &A(q4@2 /d@@é‘i(E}E@Q@ 846 - 6

10%0&: ) 6 1R%R&ale a@eﬁ%&%l&s)cbﬁleﬁpoﬁ% {116 ADFI 10%& ()-6
109%& ()-6 109B& ()-6 109B& ()-6 109%& ()- 6SON H RRRRRRRR} ¢l 109%b& () - 6

10%& (-6 10%¢& ()- 6 10%0&' () 6 10%¢& ()-6 109%& ()-6 109b& ()-6

10%& () - 6%0%&' ()-6 10%& ()-6 10%& ()-6 10%& ()-6
10%& () -6S9\ H C W& 6 10%H& 6 109 6. 10%& 6
10%¢& () -6 2OFEXIC)- 6° %&‘)? 3’81“%%%“?{& ﬁ%ﬁﬁ?&"{ %?‘g%o’é}%%@“g 6
10%& () -6 AQ&afey =6 :A0%tp&in(ped 659 \hichtRRRENRRRelangd0&hd Ha¥doldto(the Gei¥AH& () - 6
10%& 6 SO\ H
0% ()5 0980 (i) e s TR of s M
10%& @0 6 S &boyt B0 byotpsensyregthat the reaction system forms a smgle phase
heated reaction mixture is subsequently pumped through a heated cylindrical tube

having an internal diameter of 36 mm and a length of 1000 mm. The tube is packed

with catalyst pellets prepared from titanium dioxide from Finnti, type S150, and
having a diameter of 4 mm and a length within the range from 5 to 20 mm. The

15 titanium dioxide, which has a specific surface area of about 100 m%g, is present in
the anatase form and is held by sieves in the reaction tube and separated from the
exiting product stream. For flash evaporation, the reaction mixture, which is under

a pressure of about 50 bar, is continuously expanded, at the end of the tube, via a
control valve into a heated cylindrical separation vessel and to a pressure of from

" 20 30 to 40 bar (see also Table 2). The reaction mixture forms two phases in the
process, so that the water and ammonia quantities present in the mixture can pass

into the gas phase. After a 3 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 into a second heated cylindrical tube having an

25 internal diameter of 36 mm and a length of 1000 mm, at a pressure within the range
from 30 to 45 bar (see table). The tube is packed with Raschig rings (diameter

6 mm, length 6 mm). As well as the product stream from the separation vessel, a
preheated aqueous solution, which in some process designs contains chain
regulators such as adipic acid and triacetonediamine, is pumped into the second

30 tube reactor.

The second flash evaporation is effected by expanding the reaction mixture via a
control valve into a second cylindrical receiving vessel to a pressure of 3 bar. After
a residence time of 4 hours the reaction mixture is expanded by means of a further
35  melt pump through a control valve into a third separator under a pressure between
the pressure side of the pump and the control valve sufficiently high for the
mixture again to form a single liquid phase. The last separation vessel is also the
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The measured results hereinbelow show that the polyamides produced according to

the invention have a higher viscosity stability than conventionally polymerized
comparative polyamides.

15  Measurement of viscosity stability

The products directly polymerized from ACN according to the invention are

extracted with water and dried under reduced pressure. The relative solution

viscosity (RV) is then determined in 1% strength by weight solution in 96%
20  strength by weight sulfuric acid at 25°C.

For comparison, caprolactam is conventionally hydrolytically polycondensed for a
length of time such that the product viscosities correspond to the viscosities of the
polyamides produced from ACN.
25
To be able to assess the viscosity stability, not only the solution viscosities but also
the melt viscosities of all product samples - produced from ACN or from capro-
lactam - are redetermined following aging for 15 and 25 minutes at 270°C. The
melt viscosities are determined using a capillary rheometer at 270°C and a shear
30  gradient of 100/s.
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(caprolactam)
8 1.93 0.059 220 2.05 320 2.08
Comparison 2 1.93 0.046 420 2.21 550 2.30
(caprolactam)
4 2.04 0.041 340 2.13 370 2.16
Comparison 3 2.05 0.039 600 2.30 790 242
(caprolactam)

IRV = relative viscosity (in solution); 2SV = melt viscosity

As the above table shows, the viscosity changes which the products produced from
ACN undergo in the liquid (melt) phase are distinctly smaller than those of the
conventional polyamides from caprolactam.

10  Residual extractables content of an exemplary product

The extracted and dried chips of the exemplary product from run 4 are tempered in
a tumble dryer in a nitrogen stream at 160°C. After a tempering time of 24 hours,
the polymer attains a relative viscosity of 2.7.
15
To determine the residual extractables content, i.e., the extractables content of
previously extracted samples, the chips are reextracted with methanol. To this end,
about 15 g of the polyamide sample are analytically weighed into an extraction
sleeve and Soxhlett-extracted with 200 ml of methanol for 16 h. The methanol in
20  the extract is subsequently distilled off at 50°C and about 100 mbar in a rotary
evaporator, so that the residual extractables can be determined gravimetrically.
Care is taken to ensure that no monomer is lost in the course of the distillation of
the methanol.
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