;e3edRNJ6Tnz T o Title of the Invention Continuous Polynerization Process

for Preparing Polyam des From Orega- Anmj fdnl Cross-reference to

Rel ated Applications s Applicants cl ammmwum[ﬂmmgm@t of privApEl2Q03

provi si onal aﬁfl ication 60/105,656 filed Qctober 26,1998. Technical Field
This i nvB9988808e| ates to a process for the preparation of CEISH¥MBRs. More
specifically, the invention relates to a continuous process for preparing
pol yam des by reaction of onega-am nonitriles in a countercurrent

mul tistage reactor swept wi t hlgleefrthe Bangngiosund Art Pol yani des are

conventionally prepared by the condepsation pol ynerization of a diaciid,
such as adi pic aci dforaﬁwogsﬁpbxmﬁ@zq:,lwr@ge ryﬁ!t’l’ﬁmlﬁne di ami ne, or by the

pol ynmeri zati on of | act such as ~-caprolactam, .0t her processes are known
whi ch invol ve prepar at ﬁgﬁ'ag\"gﬁoﬁ?gﬁp@é&aﬁ@m'@%m' of onmega-aninonitriles

with water. For exanpl r ! Baj ent: 2,245, 129 di scl oses
preparation of polyam g(ra%s@l;@?%\é\@%ei tﬁékéﬁggaégﬁé%%%[}sri |l es in the presence of

water. in a two ste : fei : ; 1 i Xture is
hosted 1n e oF osed TERGARESairh T Berdelft o ity 16 Brodiens Ao

pol yam dst/105656 §ilekOeisbes 261998Ne | i berated ammoni a and excess water is
renoved at atnospheric or reduced pressure with simultaneous and/ or

subsequent heating of the pol yahedmicab Fieldr ease the nol ecul ar wei ght of the
pol yam de. Curatolo et al. U S. Patent No. 4,568, 736 discloses using
oxygen- cont ai ni ng Fies jstventien coetpiéantts aspresess yior stheuiraparatienr efict i on of
onega-arninonitriles to formpolyam des. Marks U S. Patent No. 5,109, |04
di scl oseRolyamidss: Morspgeiicall s thsrinventipnagatesiond aprtinyqus precessd@tice hi gh

it I ides. l.n int ti I tent. L,cati PCT/ EP/ 97/ 0460,
Cor r s poAPYHAE BoPiATERES By GRar LN BEE e ITHTLELIERS 3 COMPGOrEmbos '
25 Apri l ag%"%aé ééﬁgg\kg%ﬂhste% 98/ 0889, a process for producing a

de y acting ARP {nr

pol yam amnonitrile with water at sequential staged
tenperatures and staged pressurgsclgfosliAkosed. It is also known to produce
pol yam de within a continuous reactive distillation colum involving

signi ficant recti fReighinidesotirearconerstiomllyaptemwedit bypnthef candendadon ne and

di carboxylic acid as disclosed for exanple in U S. Patent No. 3,900,480. In
a recentpolymerigationrefi apdiasid, siph iasaadipic RCK,ERndsa odiagone carchedpondi ng to
i nternational puyblicatiaon nunmber WO 99/43732 published after the priority
dat e*of m@n}ﬁtl@ﬁsm digpineataro®y tthe PRlERGIHFAtON AH JAtABR; R a8 b wat er

by reactive di sg | lation is taught. xo Mst pof .the processes,.t hat fhave been
i scl oseTemprolAny ¢ Qe Iecsioes.citn Kugwh which, aydlve pigRaation” o

di sadva : i i . Ll C i halgfpr

nonun (oo uepidts B REaBREH e BB ek F Ainol e THA Ralen A" GRHGRLE, e

i nvent i oGrednWaltdess apsent NoUQUM NI T Asseldses prepdralibA HIPgblyamid@sbyrom

onega-am nonitriles which overcones these pr ob%?ns. ~S Scl osur e of
| nvent i oleating omega-aminonitriles in the presence of water in a two step process. In
20 the first step, the reaction mixture is heated in a closed reaction vessel to form a
low molecular weight polyamide. In the second step, the liberated ammonia
and excess water is removed at atmospheric or reduced pressure with
simultaneous and/or subsequent heating of the polyamide to increase the
molecular weight of the polyamide. Curatolo et al. U.S. Patent No. 4,568,736
»s  discloses using oxygen-containing phosphorus compounds as catalysts during
the reaction of omega-aminonitriles to form polyamides. Marks U.S. Patent
No. 5,109,104 discloses the batch polymerization of omega-aminonitriles to

produce high quality polyamides. In international patent application

PCT/EP/97/0460, corresponding to international publication number WO

AN

*G00002*



‘I'n view of the above, the present invention provides a continuous process
for the manufacture of polyam de from onega-amnoniirile Lp,a. j cal
counter-current nulti st\‘a’ée react or wherein tenperature coh?tA@Fﬁ@j

i ndi vidual stages is critical to achieve a usabl e product {.Cl y. More
speci fi cAVPP9280% ao pol yani de capabl e of naking useful prgé{!bgh?’lqgg.

pol yam de prepol yner capable of ultimately produci ng a nunber average

nol ecul ar wei ghts in excess of 14,000f s characterized for purposes of

t hi s i nvO$/Q&RD, asprocessafoniprgducingacpayamide by geagithgggroaménastitrileswith han 20
gram equi valents termpal nitrite per mllion grans of pglyam de .

Fur t her noyaler mﬁqysn%le?tagefi i%mmfuyewnm@geﬂ PreisyEssi igelisdosedar Bdt eri zed

e condar IR RSB LhdRPAGCeH aP P ec T gt SEPu bR AR Sfllh 70 © -
achi eve tc%ﬁ;rﬂﬁoﬂ:%idiﬂgrsg tﬁ&%’ﬂFrrE&t?ﬁéaYio‘ﬂSSi*ﬂn Gl t st Fdofleist lof 4N 2

conti nuous counter-cu react or operati on, as now peen 5 Apri |

2003 MO QRARAROGnE@itA#BARY BEGRAd -as3disEloSEd BF Retainpdéd i NG.S. SFHISKEANG €

profile along the vertical colum and the reactor pressure nust be

cont rol | 83900\B8@. sprca frecaht! yntetrtational gaténdnapyflicatiant BCTAOPOIRYO’DIS,
(particularly of the top stages of the reactor) nust assist in the

absor pt i merssperdiagi toe infeenationg! muhbicatinns namebesi WOt 2%443732 ypulilished ze t hei r
loss s in the exit ,stﬁam of .volatile bgﬁ;ﬁgr odu Furt her nore,

ts. t hy
sel ect i ortfigidhe BrOFIEY dafe eltbenrsiang appiacaiian, 6&% reagtion sqns?mm?"dﬁ“ﬁ%cti ng of
the counterrcurrent flow af yol.ati.] :products to the upstream part of
t he prope‘ggbmffr:bx ﬁeé\?gg?g'ﬁtggﬁlopi'ﬁgﬁu@éf‘o chemcally limt or reverse the
pol yngri zat | 0%6&\28%%9@ g;r@@éé%cé’fthéthﬁﬁ% B?&?fdﬁc?os?crdeirpi}{é @t hive ‘B\%ﬁ zed in

the process of t resent o invention, for exanple 1n the case ere a

catal yst HaiclaO@lRH dt@ntiier pbeutidl Hpadvatiagamof Righy bpératingflabie withiper at ur e
of at |east one top stage of the reactor being naintai ned between 190 to

220C, t hebatenfieabprodecofomiunifeanitypamd batcheworlsttely prafuct hennsafarmitybei ng
mai nt ai ned between 260 to 290C and the pressure being nmaintained between
100 and 30 pairent inventhen prewdamarcontipuens pracsss fer prgpacing polyarhides i qui d

feed streamthe tenperature of .at | east one to age of the reactor is to
be nmui nt ﬁ%&%@g%@m%m%% ,V?rﬁ%mteéglb@Fé{prﬂgé"%f at | east one bottom
stage _of the reactor is maint gj'.n@d brgt:ﬁen %60 to 290C and the pressure is
mai nt 8i ned between 400 and 80 'ﬁ Pﬁu. O RYFHY ance of the above, the

di screte stagem ALuLAInRRBSGE i BFEEH A CRHOY A5 HacAthAuHer e heat can

be readily Zo suppli or removed I'n order to'control stage tenperature and

conposi t i gracesd fBF teemaRGfacRIFE D Polanide F drh Ondé ga0amidtRiedé UR verical ves the
top stage tenperature being 2 to 10C, nost preferably 5C, hotter than the

t enper at woancerrcursd maliltigtage reagiar wheteiptaapemtiraicontrocfortihdivphedsur e of

pure streamis nunerically equal to the operating pressure _of the reactor.
Si nul t anesdagasyis criligalAe achyave susahdeproduchefficienthor speriBicgheiee r ed

2600, “r cHOFaBIGF SARahle SLmERInF ST AR AL E RO TSR DSROPIGY dos a
Cot | 10U B 8GR M FoBN G AT PRl 61 LUARTAR B non 1t e
of 14,000) is characterized for purposes of this invention as containing
unreacted nitrile end groups of less than 20 gram equivalents terminal nitrile
per million grams of polyamide. Furthermore, the polymeric linearity of useful
25 polyamide is characterized as containing less than 25 and preferably less than
10 gram equivalents of secondary amino branching per million grams of
polyamide.
In order to achieve the production of commercially useful product

efficiently in a continuous counter-current reactor operation. it has now been



-4 a) providing a vertical countercurrent multistage reactor, the reactor
bei ng equi pped with internal perforated barrier nmeans for _establishing a
plurality of stages and for effecting contact of countercé? ﬁ@ﬁ!?(}p#mm ng
onega-am nonitrile stream and steam vapor streanm 5 b) int i n
onega- aniMBP2488 ¢ reactant stream near the top of the ver%@ﬂggﬂgsﬁ
countercurrent nultistage reactor; c)_introducing a steam vapor containing
stream near the bottom of the verticaf countercurrent nultistage reactor;
d) mai nt alisrovgradhéhatethse temperadirarofiie iprg dheevatical goluran \and ithey 10

t t | tist t f 190C. 90 20 ig to 800 [
[0 achi oUEMgEPIRUE B RehEolsd. MORBAPCHTRRY rine REICHPBTIEAURE of | e
t d.si nul Ly t ' I i zat | in.the. t f
he.r oncrananight, SARERG QB Ry Sl ACRIK SR let g HE M, o head
f the 1 i : tj miaiel [
pol yan daCEaRHeR T A kot iRd BRI GREORRY RIS RREPT ' 1o @

count gr Cyh ik ExildlehinSs PaslatiRASL-produshe Bidthéraiote bk kalectlen Aad confrepct ed
nitrile end groups of |ess than 20 gram equivalents per mllion grans of

pol yam def tBO r€acebrecablitions st asseanin tdirectinghef thelcpaniedeubrenhflomeobvered i s
further characterized as containing |less than 25 gram equi val ents of
secondar ywodatilaebyspeoiietsntp jtleg upstréann rpagt arghefprpegsy awhers, theydaneoless
preferably | ess than 10 gram equi val enti of ,secondary am ne branchi ng per
mllion dHehstoshemicplyligait of peveptedbenoly meEmtINsagHemer provi des one

ferred enbqgi f the 25 wher ei n t f f pol yani d
P om omega: anivU A ree DAV Bl MRl TR louBR oG Ak peenfig ™"

wh in t. fe I t t . '

i nt 1 nol CGUFIEET baFel isbhhe P siaE ! GRS BC e R IFHAE et
PCTNS99/ 243afh, byVirthé Hpﬁ{@ieﬁ{;ﬁrﬂﬁr@éf ARadt d?n'&%ﬁ@farg_@ DfthSBRcRr Uelﬁ?g react or
i s mai ntai ned bétween 260 to 290C and the pressure’is malntai ned between

100 and 3fRinpsihed dotvesherdd o P20V elé eerhperature tof aoleashengbbitani siegdei ng
recovered is further characterized as containing |l ess than 10 gram

equi val enfsthefreseton bdimgymaintaised bishwearh269 tp&X90iCl andothegpreasurofbepng yani de.
The present invention provides another preferred enbodi ment. of the process

wher ei n t/Raintained hetweea 100 and 300psie. 1n dhe erregrbergingsiatalyst is added & f or med
i th b . t al d wh i t t t t | t t

St ageor DR ey SHealh i ER B DG AL FaBSNaR SaO! RS of ur o 0
of at 'eat%tbeoﬁﬁirﬁ&%&%‘eﬁ{y@&\ezﬁat& E@Jé%é%mhg@@ﬁg}%g%t BRE‘@%% 60 and

290C and the pressure T's nal ntal ned bétween psig. Brie

Descri pti QRaObf h@MRER 5 Mldifaihel DetweENDTBL 10C200TCS and Akt i RB&ursiige- vi ew
of one enbodi nent of a vertical nultistage reactor useful for performng

t he contimamtsinéd betweeardpand30Ppsigedn fagheratice oftige atheve, tiss distretervent i on.
The reactor is divided into discrete stages 1-11 using perforated barriers

12- 21 Fi guages2of she peesess iweamtioonpiovudehoaationsewhenct haeatl camube irsadie r eact or
of Figure 1 as seen through lines Il-1l. Figure 3 is a schematic

cr oss2sectupphad osiremoyedin grdex to conirehptagg temperafere and  eqmapesition vst rat i ng
t he presenc

and | e pPELTc mPREArE (IEPIe THOHE ofbea CATHEn: GV OYEL HBeC APnOEE: gur o4
1 st r ac PR S EETRENEET o, I MESREEEALY TRl fon B Iorplagtine cact o
corresponding to a partial pressure at which the pressure of pure stream is
numerically equal to the operating pressure of the reactor. Simultaneously, the
25 lower stages of the reactor for this preferred temperatures profile involve
maintaining a temperature between 260 and 290°C, preferably about 270°C.
Thus, the present invention provides a continuous process for the

manufacture of polyamide from omega-aminonitrile comprising the steps of’



.25 product by supplying nitrogen 40 to the reactor colum. Figure 5

schematically illustrates one preferred nethod of treating the product
exiting the nultistage reactor colum such as to separat2 Aptie2003apor 44
fromthe |iquid product stream 45. ; n~J WD 00l 24808 PCT/ US991 24850 - 6

Figure 6 is a schematic cross-section side-view of a reactor stage
containing a circular central downcarger having a bi-conical attachnment at
the bottomto deflect the gas bubbles. Figure 7 is a schematic
Ccross-sectionayi depvowdtingfa aertizal icounteicagentsmahitage nesgorthe irpdcgordownconer s
arranged in a triangular pattern wherein _each downconer is truncated at an
angl e with an ext e®§¥g cgrinppd Yithdntepiahperfarated bamiss meanfog satishge. Fi gure

8 is a cross-sectiqn j VETASY : 659% St edGtQbufd N e 7
stacked on top of %h@lu\r/a\eﬂrtfwgata%eggdgt ofr‘o;setq%gtéﬁg’g? l&?gu&e 6 ast‘éeéerﬂr&t hr ough
lines o VIII - VI [flowhglemeg®amEmnityilensgre@utant lseainnmaport steamihe process of

the current inyenti,on js. a continuous process for preparin ol.yam des by
react Pon of orfdga- R I"tgrqnlcg’éegafﬁnéin%'gﬂﬁ? EFACI3Pt SrremRRaF fhaetqQEQféﬁl um

reactor. The orrega-v@mclapggutn[é'r&gréﬁH{ﬁy@;&lﬁyg&%py reacting 5 with dissolved
wat er which is supplied and replenished by steam fl owi ng countercurrently
to the directicpn ofintkédmingfa sthamompgacentiiniongistreahmasantie itogeglithet reacti on

products, and pol ynerized under the rating conditions of the colum to
form a pol yani de. Keg&aﬁ?qlﬂﬁr%qne&ﬁg’é‘gt%gﬁeﬁ%ar‘f?({"ri fe is fed continuously near

the top of a zh nulnhdistanme: G wilber@aks And theeprk@art Wethif @lcevadicy pure
onega-am nonitrile or an aqueous sol ution, containi g&épref erably between

about!080 and 95 weicghrtessarreatinulgisagarcastiontam Y0 e to 39E ComdPA-nsid oni tri | e
feed is supplied t . col ture t mel. faciljtates the
establ i shment and cr?:a(t)lb%leﬁ)a%c?:{g&gig'fi%ysgsgﬁbggﬁe ?rpag‘%%‘%“ﬁﬁzes“‘. tﬁgtuﬂéércol um,
the feed tenper at urstaggeorihalréactdridnd Girbulb@tylentot dehick € ppBhRdateon @qui red to
keep the feed substantially in the nolten state (i.e. where it is capable
of being punped) aribe loner slaagseafibereactst; the 1iquid within the colum at the

poi nt of entry, Sa ind LeAn Shidh; I 1Y nt of
wat er, or supeepheabggﬁfsrf‘glg%\%at a %ﬁpergﬁa?gﬂt&gﬁ{%a%lgglut t f:lz"stlgtﬁ,)o the liquid
wi t hi16 t he react or vettidaheoumtarauirrenh anudtistdpe redceamint ers, is fed 25 April

2003

f) recovering a polyamide containing product stream from the bottom of
the wvertical countercurrent multistage reactor, wherein said
polyamide has unreacted nitrile end groups of less than 20 gram
equivalents per million grams of polyamide.

20 Preferably, the linearity of the polyamide being recovered is further
characterized as containing less than 25 gram equivalents of secondary amine
branching per million grams of polyamide, and most preferably less than 10 gram
equivalents of secondary amine branching per million grams of polyamide.

The present invention further provides one preferred embodiment of the

25 process wherein the manufacture of polyamide from omega-aminonitrile is
performed in the presence of catalyst and wherein the temperature of at least one top

stage of the reactor is maintained between 190 to 220°C, the



25 April 2003 WO 00l 24808 PCT/ US991 24850 conti nuously to one or nore of
the Lower stages of the colum reactor at a weight flowrate (lLb/hr) that
is at least 30 percent of and preferably approxi mately eqa?;\IAPF!)ZQ% wei ght
flowrate of the feed. The feed optionally includes a cat

oxygen- coNOM4#89 phosphorus s conpounds such as those di Z]%#f{g;g%oq‘t%so
Curatolo et al. U S Patent No. 4,568,736 are preferred. For exanple,
phosphor ous aci d, phosphonic acid, al krﬁll“ and aryl substituted phosphonic
aci d, hypSpHsEpNEs 868t sapnsﬁz%mrsmea&fi e reRdtor FemaiHaiedr beiaeh ne | | ke

phosphor u20h (0 BBC L e RPN Inivainianed BROyesE i oo P AR
oot cont . VAP B0 DRRFEC PrBatr G 18 molifeCheg e RUERAL T RO o

to 0.2. PepdigéteRided @ @bmliﬁng%ky%nprtpgpdmreqﬁi@%rﬁs oPRESHRIMA-P wiRe! d.
phenyl phosphinic acid, and 2-(2'-pyridyl) ethyl phosphonic atid.

Onega-an beinching [gs nifllioh grans bepolathida the process of the current 5
invention are those described in Curatolo et al. U S. Patent No. 4,568, 736
and have the fGhenprasen® inventibiR-pLoddes vinetler Priefereedd embloditnent géirthe r adi cal
and R is hydrogen or a univalent organic radical. Preferred conpounds are

omega- ani PEERsy wherein e manudagures o palyasaide; or opregaraminomietde iand R i s
hydrogen or .a |lipear aliphatigc radical, apnd where the

onega: an POHPRYhIR theAbsHRee of Gasalyst 4 whtreln Birdemperrweaatdeast one
onmegaam ngni t.riles..incl ude .6-am neca. nitrihLg, sd-nol auronitrile,

San nopr ofturires BT e Eattes iR yRAbRArhaWebh 236 a2 L B ierbbire ;e
onmegaam nQALLL] i Al Q) 0 r rent

OIeGaRIT MBI ekl ATLABEAPAONEldr e A AEABEATETE0] ah 20

| argel y sghditlepredsurds mafiithied BGOSR 26BRRI 8@Fpdipr i | 2003 PCTNS99I 24850 -
8 wthin the colum reactor under the conditions of tenperature, pressure
and |iquid conposition exi sBrie§ Desctiptorcof Drawingact or and fully sol ubl e
under the conditions in the bottomone-third of the reactor. The

onega- ami noni t Figuee il ded sehematie cress-sechonal side-veworfspecrabodiorant of | es as

wel | as of other pqlyam de-form noners, whjch will react with the
omega- ami AyRTiGal n&ﬁtlsxmge@m*@ﬁﬁp rri(g‘f"émgﬁ & EORIHIMONS each within

e ARG SR BRBE R il ol i o e

omega- am aRsdd idt@ﬁis&ﬁ%?ﬁ@lg@§ llé‘f Fuﬁggr#g#@%ma;@reﬁmﬂ%apr oam de, and

6am nocaproi ¢ aci d. class o noners are those which nust be added
i n conbi nat i ONFyhirk 20§ ArosEPsERNAl ViewosfdRE vERichPMladthgterdacffof Such
nononers are diacids, diamnes, diamdes and dinitriles. They may be

i ncl uded Figugeyl asrseemtirbughbimes $I-Ilgeneral |y no nore than about 50
gramnoles per mllion grams of final polyner, in order to achieve a
desired diff er Etge 39s pschematie gross-sgctional sulerviewerldsvertinalmutistage i ncl uded
as stoichionetrjcally-bal anced pairs .of coH'pI zlment ar{e functionality in any
rati o2t o FERCISiBYsTaiingBRinresanes of prdngereadentheating element #9- 2 2knet hyl ene
di am ne, adi,pam de, . and iponitrile. These other c onents.,can be added
as a1t quPBERRLER 51od8 and P BMeDEe B RATHT eRdSiseCa TBR IRORT I e ATl o

t he corrpoegnhgn Zo should be fully or largely soluble in the colum reactor
under the conditions of tenperature, pressure, and liquid conposition

Wi thin the col gigurandshsch¥matt ¢bbs3-detaenal GRIRNViEWSTa VéttichPmRRidi#58
one-third of the reactor. The process of the current invention is

especi al | yeass@fillustwdtarg anrahod of ceducarg mbistire chatt obtherpaemeec onpounds
containing nitrite groups. The feed can also include a fraction of

pol yant de ppedijsoby supplyimg nidsagepl4d @ theredctor columne prepol ymer fornmed in the
process of the _current inventjon can be recycled with the feed. This
portion is typfesEy %CHE"BF‘SG‘ABFIW@ opgtrsetegied aeiod f treating tlae pol yner in

b S8l B SRR RSB L Pl et

44 from the liquid product stream 45.



25 April 2003 WO 001 24808 PCT/ US99/ 24850 _ g _ of the product stream A -
| ar ger anmount coul d be, handl ed. Inclusion of thisypaterial red t he
productive capacity of "“t’ﬂe colum reactor. Standard disti P?étﬁ“gﬁs@bl ums
are suitable for use in the process of the current inventi i
resi'dence&ﬂoﬂ‘é‘g’m’fn the stages is increased to give s suffi'(g:gl]redrjl%”%z?fr?g for
hydrolysis of the nitrite groups. The.required liquid residence tinme in the
reactor i s between about ,one hour and. four,hours fo achi eve a sufficient
extent of nit r SR BrbSematcRrasssacon Sde¥iest of & reaftomaee wi t h

i nternal s . I ) far.at: t ifators, so
s o canrifingeitiarnust BBhACoer RS b Eort A AR AR P bR L By
steam W tytidne td 6Mdd thepad bubibléd. xt ure to ensure substantially conplete
hydrol ysis of the nitrite groups and renoval of ammoni a generated by

chem cal reacthigire Al d $dhepiatiet@dss-sectiogwide-tiew Ofa iredotsmahgeconfi gurati on

of a nultistage reactor, generally designated by the nunber 100, suitable
for use icontdieingunmokipie dowanomers arsangiediidedriangulad patterat whereapeschl- 11 5
using perforated barriers 12-21 between the stages. The barriers, see

Fi gure 2,doweqomes is fnratsd af an apglsrvith angxicwled ellapsoidad plagde delesy ow
upward from st to stage, and a |l arger downconer tube 23 which [ eads from
each sta eigqugﬁlﬁlg. bel ow the surface of the reaction mixture in the stage

bel ow, al | ow rﬁgégzﬁi& ké Aliods 5Octldrdy Q\‘/"Bﬁ’ﬁ{edvérfiﬁ’ipt%ﬁ@t%?s gf:%ff??&lrg-ﬁhe number

of stages is ch 0 zo achreve a high rate, per unit vol une,

of mass tgiadielien PPDIRE TR Feld®r stie JTIFigule® Ad sdREMriARTesar € a
typi cal range. The onmega-amnonitrile feed 24 is fed continuously near the

top ofo t he¥lilH Vilkt age col um reactor 100 and steam 25 is fed continuously.
to one or nore of the bottom nost stages of the reactor. The steam can be
saturated steam or z5 sMeales fanfCairyingdOut thedhvendimount of water, or
superheated steam w th superheated steam being preferred in order to

mini mi ze the hEdg iprgeessqof r Bige AUITARY ARYCRLAR A%t tGNUNYOES NPEsEssarfbni a

vapor are rempved at t.he top of .the_.colum as vapgr stream 26. Pol yam de
b bauct SPEPETDROATRINES PR Of oM e PGS S8 gecPuRerowEnt of

pr ef er abl y, { Ak HIGHHRARILR. SRR Abf-amiNGHD AL 0P BITEARI s A0 ~ 10

ult
and return Itlo e um any’ onega- am nonitrile an aves

the top pPaith @fssd1VEd GRARFTWRTRh disV iedl aAd 1RPlepihedl B?dstkiirﬁuﬂgwi@e such

nmeans Is a partial condenser 46 (s Figure 3) at the top of the colum. By

means of courétrcatdy no the ditectioandf tfispeohtthe combgsaatinogitdilesi shd nt o 47
and out of 48 s the cooling side of the partial condenser, the condenser 46
i s mai nt asubsdquent aeactiopepraducts, snd polyanerized undeidhscopenatingconditionst of t he
onega-amnonitrile and/or lactamto the colum while allow ng steam and
amoni a t of the coluran eiferm %@Qbfaﬂyﬂﬁeam 26. Additionally, one or nore stages

can be added to the.col ytm reactor ahove the feed stage an artial
condenser can BN Hg&’“éﬁ%\'/aé“'t“ﬁg‘tﬂ%ésr Mfo'ﬁfmﬂ?ﬂésgngqra@ggog o4 pEIP ovi de

ref 8,1 il oo i ol PREIHY TH e 5 BOLFIL I oRE ok QD HIEAE LN | Y

an aqueous solution, containing preferably between about 80 and 95 weight
percent omega-aminonitrile. The omega-aminonitrile feed is supplied to the
column at a temperature that most facilitates the establishment and maintenance
of the desired temperatures in the column, the feed temperature generally lying
25 between the temperature required to keep the feed substantially in the molten
state (i.e. where it is capable of being pumped) and the temperature of the liquid
within the column at the point of entry. Saturated steam, or steam containing a
small amount of water, or superheated steam at a temperature up to about that

of the liquid within the reactor at the point where the steam enters, is fed



‘reaction mixture does not freeze. The tenperature at the top stage 1 of the

. colum is nmaintained at a | ower tenperature than the tenperatur t the
bottom stage 11. The top tenperature is naintained at a t%i]‘g%rr‘u]aﬁ@?e that is

hi gh ~s enough to achieve a good rate of hydrolysis of th

omega- anMbW288%8| e and still avoid excessive volatilizati gﬁ:rg%swmsso

onega-am nonitriles and/or lactans. It is possible to use a conbi nation of

choi ce of upper stage tenperature and & partial condenser to mnimze

out f | ow eentiiessly b ope L5t mere of the lowigpestagesr ef e polumymreadigeal s j s

dj ted high h t t.ai d t . . byt t
e e s e e R
. | ' desi rabl
vecacss.EAUBEARCCHPL R R o SRESDIRMI"nc" 5L2 o7 "Gl oot

properties i NT{g§eed Bﬁti&tﬁ%gﬁf’e‘fdcﬂldcfsoi cdiatydl. ”@éﬁ%ﬁ%ﬁfﬂnﬁg‘ ggzspﬁéhﬁt S

t hr oughout t he coFunn, fore it Is I'nportant that th age

t enpet at do@pbiinds suche (hbsdisclaséd axCaesior aadlUE. SurMent o C4, 56Bg736or mat i on
of secondary am nes becones detrinmental to the product. Averagi ng over the
bot t om t wre prefertd. oF ot eamplac phosphiohous acdpphaesphoaid acidpakykandtaeyly 275C.
Because the hydrolysis reaction is exothermc, the colum is optionally
equi ppedswirstituted phosphonioacid; hypophesphoras agidaphosphosie| asid.amixfurgses f or
tenperature control. Wen the feed 25 April 2003 25 April 2003 WO

001 24808 trrgofiansithe Jikscan beused o iy BRSPROR cyrRphthat pydrolyres toop st age
IS preferablé nai %i)%i]ne bet vvegn abouyt ,190C.and 2 OC.V\,ilth caéﬁl t and

bet ween IBEXXBEABHRIGIANODIR acid 1A At dyring the BactRseIsgaselly Teer api y
oper at ed . e ferably
equi plﬁedo\%? éﬁﬁ%ﬁ@?ﬁép ﬁ?ﬁ’?@%ﬁ%@%&% d?%k*@%?“%?%%{n%%r g’te ghg p@ |n§’ control
I s best ?ﬂﬁﬁﬂ@'tb?hﬁdomegdsﬁnﬂfonﬁrimt of |PBs NG |0l uptfb@ply tg.angf @72 medi um
passi ng through jackets, coifs, or other heat-transfer devices 29-37 (see
Fi gure 3Preferdi cleatdystdeinehait fpliosphbtichaegid, ngphespharoos i agid, Thheag! um is
operated at el evated pressure, preferably above 50 prig, nore preferably
100 to 3pbospinicwicidy and2a(3rpyridyt) ethyl phosphonisgicid.wi t hout catal yst to
obtain substantially conplete hydrolysis of the nitrite etnquF in the

onega- ani noni mega-agpnemtriles wiieh cap B used an thedsacess0l the gurgwler . The

product shoul.d pref erab# cpnt ai n, no re le u 0
gr amgqui WAYER08 45e those %8“8 Hh@“&?“’g‘gf’%’é gf %3%"?1 '04’5/9%’33&% te ends,
in order hhOe anapl.e of being subsequently readily raised to the highest
aver age nol ecul’ar werght required for a particular end use. The pressure
can be controlled by nmeans of a pressure control valve 39, the opening of
which is continuously adjustedgto vary the outflow of vapor stream 26 in
response to the neasured pressyire. in the vessel. Under the conditions of
tenperature and of zo t NCRNC _nt_EQ.;__i on of water, am ne functional groups
and catalyst in the reactor, the nitrite ends are largely converted, in
conbi nation with am ne functiofal groups, into am de |inkages, with
consunption of water and rel ease of ammonia. The ammonia is renoved from
the reactor in vapor stream 26. One of the advantages of the process of the
invention is that the zs countercurrent operation of the colum results in
cont i nualwiidra Rnisng diviajens ioeganic eddiaatnand R' avieydropanct hainivalent gaganc of t he
reactor up through the upper parts and out the top exit vapor stream It is
i npor t antradigakyi Rriefdrras ¢omap ae omegaraminoakkidnitales whare R seldinganr t of t he
col umm for. reasons: rmqni reacts with and breaks am de |inkages,
hence? i ,ﬁhtpﬁm\é\@c ffHﬁCfdr%\ﬂtﬁ 5 yﬁpgqﬂapr a lY‘Aear a?ipﬂatnc radical andc| where t eg
omega-aminoalkylnitrile has 6 to 12 carbon atoms. Representative omega-
aminonitriles  include  6-aminocapronitrile,  12-aminolauronitrile,  3-
aminopropionitrile, and 4-cyanoaniline. In a preferred embodiment, the omega-
aminonitrile is 6-aminocapronitrile. In the process of the current invention, it is

25 necessary that the omega-aminonitrile be fully or largely soluble in the liquid
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ammoni a in the vapor rigguces the partial pressure‘*@f ste%n.#}ib% vapor and
hence the concentration of water dissolved in the |iquid, PR réduces t he
rate of njtri ydrolysis. These two effects would be espegh#y magi ng
in the | ?d/%'g?'{] of the reactor, where am de |inkages are s higg,%‘es(g? and
where the rate of nitrite hydrolysis gs_already slow because few nitrite
ends are |eft. Sim,ar flushing,of,amoni.a is c | jshed in batc

ot ocesst T 1% PN Fertin. Qe RRlifons o FAEPRAIERaPresRuerith i xt ure
and by 'r\h@ﬁ&!c%%ﬁt{sft?dﬂ B&isWﬁg% thBtBnkff a‘tb%ﬁd%{lj(%%lll € unQUf $ife Of the
reaction. Simlar ushi'ng of amoni a can be acconplished In a co-current
cont i NUOUnAtsiRS A theBBit8nYaRQthiA6F the Ggagtopove in the sane direction, but -
in this case | arge anbunts of steam nust be used in order to dilute the
ammoni a suf fi ci ent | Thé ona¢dasamimaéteiiia feedeiancutiade vie nglturans” adegaat e
hydrolysis of nitrite ends. In the upper stages of the colum, the

vi scosi t yaminonitaleseascveld as of pther ol yamider fenming-mpnemers whichpptibreacht e

desi gn of Ige gerforat ed barriers 12-21, gas bubbles fromthe steqm and
anmoni a WIBBrihe Ipega-pRIngmEHe; Among; SHehy moppmersate those which, sachy ¢ he

bottom of the co] uyy;, where the.yi cgsi y i Lahest m xer,_ 28 1S
preferablvltﬁlged ’#ﬁm;négogf’ésﬁorgmﬁe'? e lB%ttS%]’a 112(9, stsgalgs ?S)r(l tlﬁéa'rnéc’actor. In
th t oL . . hami S . . . bot 1

e reac zf?ﬁm%gﬂégr?%rrmeg' SminoadRs! aﬁh@ghnayt Bé Mlﬁ&edpfnoé{ﬁﬂﬁzﬁfd fo tfe bottom

two stages. zo erably, mxing 1n e age 1s to be’l uenced by

ei ther pr@fAega-aminnidaifest ERhmpRis sret Capr6Rictim,06-ainine¢HprOariiide, ido6- by
mechani cal agitation in tower stages where gas mxing is not sufficient due
t o high vammmosaprodsatid. rAnotiier elaks gfimbdnoymqraare thetevehich imassbagdded Li qui d
by-pass reduces the desired reaction efficiency resulting in either a

| ar ger siinecomhutapiont withc bthey emphemeesnin Zrden tw doan camigde Hnks.vebudh ow rate
and/or increased ratig of side reactjons to prefer r,iad reaction resulting in
qual ity pHEBPRRE %i(g\ﬁftdﬁomarame iprdes ppd darles: agbheys PRR RS abl y

bt voon HEMRASitElyin SREACH o, SRR 8 oPdudi vl SN amiindles 2005 w0

00/ 24808 @Q@ﬁg@ﬂg@% Jof fitrl g'o‘lﬁﬂéxd sha&la%hgw cﬁgﬂfe@e@ﬂ“ dEQ?ed’?W?&%HEé S

i nduced es elther “entéring t wnconers or forcing |iquid
into fshe wrweeRMBdasb@syit hayd appiifechendse dowhepmansy Whe! ineflided t he overall
nitrite conversion efficiency in the colum reactor. This will result in

ei t her a dteichometricelly-datdmedpairs oficomplé¢hentagninctionaitgiimangtratio ¢o ven fl ow
rate and/or increased ratio of side reactions to preferred reactjon

r esul t i ngtheromega-aminenitritles.rsExaraples e gdipiefasid, diexamethidens diamige,
downconers,.is enpployed.in.this golu reactor. As il]lus ted in Fjgure 6,
the ci rcu?diPamigs 2af @m&sﬂﬁr S6 OHIEE ICOEPRPIFRE candre E‘if?ﬁ a3 a it hent 51

at the bo t ef,l. ec .gas. b , .. agyd ctin liquid
exiting téflegglgv#g)&n%}l&'é%wg'ég' B‘& %ggi-ta@ﬁg%’n\f?@ghném&g %aénod"g %'ig]rg%t t om of

t he dgwnc i igd [Hel Mg A quy! (;}qﬁ{? } ; coner
induc%d b?@&%ggrﬂégggréﬁﬁe Q %&gtrﬂ?alp etgb %gll{lhglﬂ%%é bu fg*ggé%éha%gﬁvfﬁgnnear

t he downcewijersttid,- pressuréaRnd sliqeidussmposition within thee columms Windl dilpp created
by liquid flowis between 0.5 to 1.0 inches of liquid. Another preferred

ar r angenesulubls undet conditionsvir theebatton? onethivd e thereactor.i angul ar pattern, as
illustrated in Figure 7. The bottom of these downconers 52 are truncated at
an angl e between 30The psocesemfdhe cument inventioads sspesialbtusefil pdwsindal pl at e
S3 to deflect the. %?s bz%%oes. Liquid is a]lowed to exjt througE Zo a

r ect angul BNIQS Rartigp Of dbe derchsOmpESEs,QOBRRAINGS| ONEINAG Nt de SIOWPSi 588 pat i ng
attachmanée. Slit Fi manfi(fns ﬁre'a”ﬁnﬁﬂﬁd t 0, have 2 pressure dro& of between -
0.5 i fichefefotan glsonHeTydey & Hagtionoki TSI RISPON M5 e T PEAmIIG
arrangene 2 Wi : i hown in
Figure 8 E %ng)%h%@gi)ﬁ%lm%?r@%%ﬁg%e }dg?é%%f}ﬁﬁ p]e %ﬁg&@ﬁ gég&t@gcﬁgger ably

t he react fi e fi ogxrég‘g, I 4S klikt

agi tator g%fé {ea?%ﬁggg‘g fté%?bugﬁrst ﬁ%ﬁ?gv\ﬁc r ley( ﬁ%étp [Teﬂald:ljgﬂegth exc?i’;a%tr%mavoi d
seal i ng areméwid Normhahé poBiMG! ihi gubsdquépi ratdsyingrefdrarixamplér By ng is
required at the bottomtwo or three stages of the reactor to mnim ze

| i qui d bypalasilizationt bebye Ixjuad estradtiom gompaistegiupyo ghsutt laweight (pescantpl | ed by
fl ow arrows WO 001 24808




25 April 2003 PCTIUS99124850 - 19 in Figures 6 and 8) may not be
sufficient to achieve the desired quality of m xing at higher viscosities
encount ered. Even though weir trays can be enpl oyed aboveZadptibi¥¥ st ages,
flooded trays are still the choice allowing ' reactor |evel conér?I to be
achi'eved W/00R4888r enent at the uppernpst stage s where it NCI/YRy2g4sso
conveni ent. The pol yam de product 27 renoved fromthe bottom of the colum
is generally a prepol yner having a nundet-average nol ecul ar wei ght_of

bet ween abbthe probut sirgam. 0dolagaer amounhepyld b baedledy I(rm)smwaébﬁ about 6

and 16, after . adjystnment for the presencg of extractable conponents using
the T or mumierial Teguces th/produstivgcapacity of hewolumageacir. — o ) - } ~({wei ght

f i f - b . h i f i j
about 090 Tor 1 he. STOURRS SliatBRicoulsns A Slhn PRLS R R
di ssol ved tH’@Elﬁrreﬁ‘iD{rﬁeﬂfioﬁ P thePt @éﬁc‘eot{i‘ff\bs iR t{}I@ §taﬁ%§ 8 WhGeidedt Qeﬁﬁ,gl um

reactor. At typical pressures of operation, this Isture I's enotdgh to

di srupt npeffici@ithaafe Tbr Rpidrelykkabifohe FRARS QIS V. TheaRgued Rquigovi ded,
foll owi ng the colum reactor, "to reduce the pressure of the reaction

m xture anshiddiee timer idtiee rédeeormiy detweenc abdrendnddhouplaadi fouz diowds . toA
preferred nethod, shown in Figure 5, is to pass the m xture through a pipe
41 si zed uchibvé agufficient ewdsit affnitrile hydrhlysison i n pressure by neans of
frictional resistance to flow and provided with heating to conpensate for
the heat of vapori zdbedselurna mastqsi iseequipped, Withyinggraalsd suclhyas butanate or a

punp 42 to control the flqw rate. At the end of the. pipe is a vessel 43 or
a wder s&8iif tod:reri'ﬂr ted @?@é&"ﬁ&%‘%%sé’l%gtcaﬂwf ey §98actof vapor

44 and |i qui.d, 4 ' o ' rhed:. . . I enough
‘to at 'f ea§¥| il%e‘é‘ﬁ‘cnég@héeag?go%g%g éér??" t&g{ l%%ngg\‘/gefe%\%\ﬂg? Zﬁ '%E‘Fergﬁglebglgf can be
pel I et i zedypsli fefe FPdtotl € oPRVALRE BREMREATICroth Gt 8F SmtBij
typically ttl%se%zag%g(?éﬁe?% ope%t eg at at m)s@ﬁ;h ric pressure opd&/ﬁﬁgr

vacuum Thensapay bevahélliiidzﬁi feaatien. t Asmallndtaited iHeFiiry NEY the ihfeendlol t en
state and to establish an optimum tenperature, typically between about 240C
and 285C, configematiopldfshmfultigthge reastay genarhllyidssighated bypthet mumbeyi 10&ut

causi ng undue d&%rzadat.i on of the polyner. Separator 43 is preferably 25
Apri| 2008uigblediopasegnpir isventouysation is diviged dnteddissratestages F-ldt her

| of di d noi i de bl ending.. Th 4 whi ch

Cont ahs. ESEEPOTABEA RARE (2o2hheLVERL e 9 PREioEt iGBABPETaha st cam
b 0 : . I i i h
art. e By e A pEFRKRIORS Wi R0 AELARNID' R TR T Sl ;"

wei ght of ¢§ Bﬁg@! £RPA YAPgEr HOwHEbMES nie JRRMECH Radd h8nHesdl ﬁﬂg@ﬂﬂol&%@? for
exanpl e about 50 for apparel fiber and nol ding applications, about 60-70

for car pebefovbttic surfidedfaht reddtiandnixnggdn thostagabelotv, iaab“ﬁﬁ%ﬁre ligyidr at i ng
t he separator under vacuumw || further increase the nolecul ar wei ght of

t he pol yano dovprdoviovardTfrenpetagantodstage.odlint numbere o \stagdsr isnchdsen gopar at or
can be pelletized using nethods known in the art such as strand casting. If

hi gherzor elaghieye a/highoraie.\perrapit pf liquid velume.f masy wansley apdishemiedd product
b lid ph I i zed by heat.i. th llets i fl owi i t
at mospher SRR Javifq ilisen Sees Arca Sl A9E- St cam using methods known i n
the art. -s Anygld SrBAl LGN SRIMRCRA YU ENNOnfiRSoUTH) eH! MecfP! Shiheol the
polymer, with the objective of making it pelletizable, Ts to supply

ni trogen 4y jtiStalgBRofhA FactGRPO® andkteaf29ls B @DntiARBHIIPNS oRBlRthéRe
bott om nost point of steaminjection, as shown in Figure 4. The pol yam de

product widflthe boroml mysicstapes of ghetreactbab The coapounibe zatusated s&mm, or

s-caprol actam and | ow nol ecul ar wei ght cyclic oligoners which can be

renoved usiaag keantminitgg hodenalk tarhoust wdit wraterxtoraseperheated steam, with
superheated steam being preferred in order to minimize the heating requirement
within the reactor. Steam and ammonia vapor are removed at the top of the

column as vapor stream 26. Polyamide product 27 is continuously removed

from the bottom stage 11. The column preferably includes means to separate



"The fol l owing exanples are presented to nore fully denmpnstrate and further
il lustrate various indiyl dual aspects and features<of the.p
i nvention. As such the exanples are felt to be non-li rﬁtfzr?gAgI?ll?bg?e meant

to << ill#(%“/fl%ﬁthe i nvention but are not neant to be un@grydebsigss Ng i n
any way. e owi ng further identifies the nature of the data presented.

Test Methods: The pol ycaproami de (Nyl,gn _6) prepared in the Exanples was

208112 8 R BRSSP S 207, o

"Encycl opgd !l(ﬁp gim ordsEdIbAln Qwo%m'oré\@%hyaitﬁin&pma;]gh%@yucmeaw ley &

Sons, Inc. i 973. Nitrile ends were neasured by infra-red absorption in

t he rangds af pazB40catifehserd6 eEhﬁgﬁ@'ﬁtdt\tﬁe\tprN}ié Yoluf). By ibsngoef yani de
sanpl es was neasured as s the ratio of the viscosity of a solution of 8.4

Wt % pol ymaanipnlatingathetfilon antl tethpetatefeoointoolang dluach intt 0l Ivand wait exf 4& 25C, to
the viscosity of the formc acid water solution, neasured_ in the same units
at 25G. The cgeljngsidg of theepartial condenser, $be yeamilerses dpisemaintaided atréi ned by

hydrol ysis of the pol.ymer wth_ aqueouys HC followed by evaporatjaop of the
eicessyméﬁwemrﬁrﬁﬂjﬁ’érmétvjﬁynﬁig@m@ 5Ty 05! Ph MG SMERATIMBOBUTIR | o of
N, N-di nethyl formam dg di methyl.acetal . (CH3) 2 N (%?—BZ i n_met hanol . As
such, them\%yrr?rnlg%ﬁa ntg(gﬁogoéurge?(g}ﬁq W‘“gede%{Ba g;a%" Sg%'l té’sll"? ELUPYS g from
t he total; r se ' | n [ 4N

ot herw séh?/\(grpggrﬁ{%ﬁggréﬁ dg‘(a:agﬁ(;:%ér]\@g]rdtﬂgd&?grkﬁﬁgkt%%ergegd&opgt| d(glddtlotrnet yl ester

of | BHA: cOM@mnSrel®oh bl € thie fdedasthg€ dnd @Opadial icBNdEREE cBA WY Provibed
guantitatively analyzed by gas chromatography. The frequency of branching

in the pabparitheuppemiast oftliche stapepnr predidereflxiiqudd. gr am equi val ents of

| BHA per mllion granms of sanple. Exanple 1 A liquid mxture at

appr oxi mat el y Hithiemperaawenin she eohinn és mainingd suffigiensdly bigh that Whd ght  of
6- am nocapronitrile an(g) 10% by wei ght of water and, contai ni nq 0 lhvvei ght
per cent pRASHL MIXIULE| dpeg K freszer i g tepmerawre afhe 0B Rgs Icohthsuous! v

o et or sprORPRGHE Yoo MU OSBRSSl v
o o R0 1% O BRI BB P SRASRRE LA I B o ot o

consi st eerughith Gehitve Al @dRiSrabaf Rgdidlysid 6K fiRSGmefa-dmdnéwitrdlend il W t h
between 6 to 16 holes of 118 inch dianeter drilled on a hole-circles of

di armet er savbidirekcbssivie vetatflizativapsfl opegs-ageinoaitrlesi ardZor Wa¢thmene lois t hr ee
downconers for |iquid passage. The barriers were situated at intervals of
18 i nchespossible tpustcorembinatiop ofwhpicezgogpper stage temperature and a partial

condenser to minimize outflow of these two reactants. The temperature of
bottom stage 11 is adjusted high enough to obtain adequate polymerization rate
20 but not so high as to obtain degradation. For example, secondary amines can
form when amine ends condense with each other. Secondary amines are
undesirable because they create branch points in the polymer and loss of
desirable properties in use. The potential for forming seéondary amines exists
throughout the column; therefore it is important that the average temperature in
25 the stages not exceed a value above which the formation of secondary amines
becomes detrimental to the product. Averaging over the bottom two-thirds of
the reactor, this temperature is approximately 275°C. Because the hydrolysis
reaction is exothermic, the column is optionally equipped with means for water

injection 38 at all or selected stages for temperature control. When the feed



WO 00/ 24808 PCTNS99/ 24850 - 17 had a length of 8 inches, which resulted in
t hem ext endi ng bel ow the surface of the liquid in the stage below. In
barriers with a single downconer, the downconer had an i pral 209Banet er  of
2.25 inches and was centrally located. In barriers with three downcomners,

t he  down P B¥24888ad an i nternal diameter of s |I.5 inches arﬁf%%’zﬂ?@at ed at
120 degrees (not accurately depicted_in the figures) fromeach other on a
circle of dianeter 4 inches, Al d(‘)V\/l]l(l,oﬁer_s were Ftted with deflectors at
their botPwPrisgehAiamyneeapronitries dhe kep plresds arefgraily vapistained begyeanhem The

i th e abowolaidrand olkTl Riubisatifhy w0 pEpYeR PSP cind V05 wiBout e
neat i ng rt s sbidns SERHTSHeF it BeerPABAY Sprfiled ke MM R3°G Wdhmer ot ur e

gr adi ent oSt t *9&51}3 f o M top
st age' hé2?g (g't %iibé%mgﬁg&?ﬁg@%&@ gﬁél?g?lggée a %8%‘&“%?%}{5?@?# ?%E\ﬂte ESE romthe
bot t om sta8aRoMBF tEMPEiatuRUS IThid eoRited i hest hbomplished BY dskeof-aShéeact or .
Super heated steam at a tenperature of 220-230C was supplied continuously

into theflowiag lpguid heat eexnbferf medirminb glaksimgt theaepls jaukes, colle, bototheranount of
st eam was about 43 pounds per hour distributed as follows: 5 Ibs/hr to the
top (vapbeatsipandyr dévieesad®-37(sed Figuse /3y wihacht ban bepised fot hodh h@itingnd 23 Zo
Ib/hr to the tgp of stage 9. This vapor and any additional vapor

vol atili 28 cppbi@the Iiquid within the reactor flowed from each stage to

h b h h th Ltiplici f | | f i inth
Lﬁ?r?é??et hus. i S ﬁw@%@%‘t% 'v%';qt«iﬁpf’ml?rg?egqr?%@g&” O¥E SRePEqui d i n
t t ] L t
cool g SRR LR 00, 18 A0 phid A c st ARG OBREe VB o' ¢ e
vapor anféa&l%:ta%eﬁhysd ;zu&i'aﬂ ddmpRtd RGdEdIPsis (e ﬂifll_ﬁleué?ﬁ@nﬂe ed vapor

was continuously renoved fromthe top of "the reactor. e rate of vapor
removal \wasegaCdthindwitrisd, YwhithUist Rduired @i sb@im gao@rcﬁmiw ®offmér30 THeunds per
square inch gage within the vessel. The liquid | eaving the bottom of the
vessel wgsodral shwedd apretférablyd coatdimveo amose bibvayl about déntten20 ogram-\WO

001 14808 25 April 2003 PCTNS99I 24850 - 18 approximately 125 gram

equi val efgyivgdantsviper imillign gramsf ok papymaer of unhydrodyredcpittilenends, imo to 101,

pol yrisr - O By RRSPaPlecs PriBERBPERHFBIY hed e aled Cohe bghPst BTy punped
nch gag JeRURE elght sfalikl o FCRMRURACEATSRE, | bR (o R T o by

heating Qbhtrofled bgfuﬁ\'éﬁh@@ifrhgpﬂe_@ﬁh@tconl'm WIPE 3DS e dpbiihg SMwRH af ed
vessel held at 275280C from whi ch vapor could freely escape and whi ch was

mai nt ai nednahucusty adfidicd tofvazgtise potflods of @apecitdagn R6dh reg@ase Idthe eact i on
m xture in this vessel was continuously renoved, at a rate approxi mately
equal t o mémsuradf prasurdtin theercasgd. rlidpdetetheecandittons of bampémuird and ofhe vessel
was between 15 and 30 minutes. The liquid |eaving the vessel was anal yzed
and faundhe songgptragionaf awaten amine funetionad eravwps #id patalysk in the waghos. 16 gram

cautval ke el oL HeaRD P SRR . SRl EMLCSHh AP P
oot et @OIRS RS e ASRS. E O A O Clp, e o,

vei ght ofani8aRN OficCarAfionid BT edtovel ifkfin (RO FdaBHR YA 'vﬁpélt sthednfid6, Of
approxi mately 56 pounds per hour to the top stage of the reactor
One of the advantages of the process of the invention is that the
25 countercurrent operation of the column results in continual flushing, by steam,
of ammonia away from the lower parts of the reactor up through the upper parts
and out the top exit vapor stream. It is important to minimize the concentration

of ammonia in the lower part of the column for two reasons: ammonia reacts

with and breaks amide linkages, hence limiting the growth of polymer



"zc described in Exanple 1. Reactor tenperature was controlled so that the
top stage was at 210C and the bottom stage at 278C Saturated steam at
220-230 C was supplied~€ontinuously into the upper part o#d ApBhA98 t he
bottom four stades at a total rate of about 51 pounds per poqiiseo 43
pressurea'l%noaflﬂ vessel was maintained at 250 pounds per square ?ncﬁ) gage.
The liquid |leaving the bottomof the. yessel was analyzed and found to have

e
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of sanpl bighExtaapd evitere the Iratpupll miirde thydrallysispisr dxdadut dbw hedsiventfewoam
tenperature, consisting of. 90% hy wei ght of 6-am nocaprgnitrile and 10% by
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part of gagllafushfgt & A8 Q%nimoﬁ[}ﬂﬁéﬂcﬁqw@cb%r&ﬂi temimicpe at a

total rate of about “54 pounds per hour. e pressure in the vessel was

mai ntai npeboess, ABRereovkpds apel ligaidanvernahthgageme Birtcd@sbwaia thigdpaseed
continuously to the top of the bottomstage at a rate of 12 pounds per
hour. Thiarge gumioantseef/steam tnhigstthet usgrhin fordé¢rdovdiBe themmenid suféidieatly f ound to
have a carboxyl content of approxi mate am equi val.ents per mllion

|
grams of ieatinadequae melaculanweightand mia?tsg{xdmlwmf nifrlersnds. sanpl e, an
=" ST e i S e b Sh ety B ol BradrcB, 02 ©
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pol ynmer teaefiohiRiNt@Re LA the'botloen botie eflubini, MiRk¢ the wskdsityan tsghrst, mequi r ed
for the pelletization z5 process in use. Exanple 4 Aliquid mxture at

appr oxi matisery 28nbipraferatdp msed nipeomt or enorecofsihst bottprofmegostageswiai tiet  of

6- am nocapronitrile and 1Q0% by.wei ght of ter jn_the .abse‘(rﬂjge of catalyst,
was suppFsastore dnttha seassprshawny in Kigirgd, psshanicabmixing 49 provided, Hhtheog
Qrius99naaso - 20 ounds per hour to the top stage of the reactor

descri begoﬁﬂ%ﬁag&l. React or tenperature was controlled so that the top

240C
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vessel was I ntained at 400 pounds per squgre ifnch gage. e lrquid

| eavi ng tdwelnheywhtreidae nvikesels n@sufficibizdit Rttigh vigedsitieshgve a car boxyl
content of approximately 266 gram equivalents per mllion grams of sanple,

an am nenentnzerliqnid bygfpaap peoxdanethelsyagd.0 Lagquichbeygpiass atduntes thedesired i on
grans of sanple, and a relative viscosity of approximately 5.1
reaction efficiency resulting in either a larger size reactor to achieve the same
25 conversion at a given flow rate and/or increased ratio of side reactions to
preferred reaction resulting in quality problems. Height-to-diameter ratio for
each stage is preferably between 0.5 to 1.2 to achieve the desired mixing
efficiency.

Axial mixing between the stages in the column reactor as a result of
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t hrough a pi pe and vessel at zero pounds per square inch ggéa,rﬂ% descri bed
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avoid sealing a rotating shaft against liquid. Typically, mechanical mixing is

required at the bottom two or three stages of the reactor to minimize liquid by-

pass. In these stages mixing induced by gas traffic (as implied by flow arrows
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mixture and thus to reduce the moisture content by volatilization. A preferred
method, shown in Figure 5, is to pass the mixture through a pipe 41 sized to
bring about most of the reduction in pressure by means of frictional resistance
to flow and provided with heating to compensate for the heat of vaporization.
2c  The pipe is usually preceded by a valve or a pump 42 to control the flow rate.
At the end of the pipe is a vessel 43 or a wider section of pipe, sized to allow
almost complete separation of vapor 44 and liquid 45. This separation is
carried out at a pressure low enough to at least reduce the water content to the
level where the polymer can be pelletized. This pressure could be above

atmospheric pressure. More typically the separator is operated at atmospheric

ry

pressure or under vacuum. The separator 43 is heated to maintain the polymer
in the molten state and to establish an optimum temperature, typically between
about 240°C and 285°C, to accomplish further removal of dissolved moisture

without causing undue degradation of the polymer. Separator 43 is preferably
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the desired end use, for example about 50 for apparel fiber and molding
applications, about 60-70 for carpet fiber, and about 70 and higher for industrial
fiber. Operating the separator under vacuum will further increase the molecular
weight of the polyamide product. The polyamide product 45 removed from the
10 separator can be pelletized using methods known in the art such as strand
casting. If higher relative viscosity (RV) is desired, the pelletized polyamide
product can be solid phase polymerized by heating the pellets in a flowing inert
atmosphere such as nitrogen or in superheated steam, using methods known in
the art.
15 An alternative method of reducing the moisture content of the polymer,
with the objective of making it pelletizable, is to supply nitrogen 40 to the
column reactor at one or more locations below the bottom-most point of steam
injection, as shown in Figure 4.
The polyamide product will generally contain extractable compounds
20 such as e-caprolactam and low molecular weight cyclic oligomers which can be
removed using known methods, such as water extraction.

The following examples are presented to more fully demonstrate and
further illustrate various individual aspects and features of the present
invention. As such the examples are felt to be non-limiting and are meant to

2¢  illustrate the invention but are not meant to be unduly limiting in any way. The
following further identifies the nature of the data presented.
Test Methods:
The polycaproamide (Nylon 6) prepared in the Examples was analyzed

for amine and acid ends by the methods described on pages 293 and 294 in
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water solution, measured in the same units at 25°C.
The degree of linearity of the polyamide sample was determined by
hydrolysis of the polymer with aqueous HCI followed by evaporation of the
10 excess water and HCIL. The dry residue was then reacted with a solution of N,
N-dimethylformamide dimethylacetal, (CH3), NCH(OCH3)7, in methanol. As
such, the iminobishexanoic acid, IBHA, degradation species resulting from the
totally hydrolyzed secondary amine induced branch point in the otherwise
linear polyamide is converted to the more volatile dimethyl ester of IBHA. The
1s  methylate derivatised degradation species are the quantitatively analyzed by gas
chromatography. The frequency of branching in the polyamide sample is then
reported in terms of gram equivalents of IBHA per million grams of sample.
Example 1
A liquid mixture at approximately ambient room temperature, consisting
20 of 90% by weight of 6-aminocapronitrile and 10% by weight of water and
containing 0.1 weight percent phosphoric acid based on final polymer, was
supplied continuously at a rate of approximately 40 pounds per hour to the top
of an 8 inch diameter vertical reactor. The reactor was approximately 20 feet
high. The reactor was divided into eleven stages, each stage separated from the
25 stage above and below it by a horizontal perforated barrier. The barriers
consisted of circular plates having a thickness of 1/8 to 3/8 inch, with between
6 to 16 holes of 1/8 inch diameter drilled on a hole-circles of diameters 4 and 6
inches for vapor passage, and fitted with one or three downcomers for liquid

passage. The barriers were situated at intervals of 18 inches. All downcomers
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HO% O res) fiom cach othér on 4 circle of diameter 4 inches.  All Howntomers
were fitted with deflectors at their bottom opening to minimize the by-passing
of vapor through them. The alternation of barrier plates with a single
downcomer and barrier plates with three downcomers was intended to better
10 distribute liquid in the zones. The reactor temperature was controlled by
manipulating the flow of heating oil to the heat-transfer surface in each zone so
that a temperature gradient existed from the top to the bottom of the column,
with the top stage held at 190°C and the bottom stage at 284°C. Liquid flowing
from the bottom stage was continuously removed from the bottom of the
15 reactor.

Superheated steam at a temperature of 220-230°C was supplied
continuously into the upper part of each of the bottom three stages. The total
amount of steam was about 43 pounds per hour distributed as follows: 5 Ibs/hr
to the top (vapor space) of stage 11, 15 Ibs/hr to the top of stage 10, and 23

20 Ib/hr to the top of stage 9. This vapor and any additional vapor volatilized from
the liquid within the reactor flowed from each stage to the stage above through
the multiplicity of small perforations in the barrier, thus bringing the vapor into
intimate contact with the liquid in the stage above. Vapor flowing through the
top stage flowed through a cooling device maintained at 185 °C to 190°C which

25 condensed part of the vapor and continuously returned it to the top stage. The
uncondensed vapor was continuously removed from the top of the reactor. The
rate of vapor removal was continuously adjusted to maintain a pressure of 130
pounds per square inch gage within the vessel. The liquid leaving the bottom

of the vessel was analyzed and found to have a carboxyl end content of
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gage due to the frictional resistance to flow. The pipe was heated by heating oil
in a surrounding jacket. The pipe issued into an agitated vessel held at 275-
280°C from which vapor could freely escape and which was maintained at a
pressure of zero pounds per square inch gage. The reaction mixture in this
10 vessel was continuously removed, at a rate approximately equal to the inflow.
The average residence time of the liquid in the vessel was between 15 and 30
minutes. The liquid leaving the vessel was analyzed and found to have a steady
nitrile end content of between zero and 16 gram equivalents per million grams

of sample and 4.9 gram equivalents IBHA per million grams of sample.

15 Example 2

A liquid mixture at approximately ambient room temperature, consisting
of 90% by weight of 6-aminocapronitrile and 10% by weight of water and
containing 0.1% by weight of phosphoric acid was supplied continuously at a
rate of approximately 56 pounds per hour to the top stage of the reactor
2c  described in Example 1. Reactor temperature was controlled so that the top
stage was at 210°C and the bottom stage at 278°C. Saturated steam at 220-230°
C was supplied continuously into the upper part of each of the bottom four
stages at a total rate of about 51 pounds per hour. The pressure in the vessel

was maintained at 250 pounds per square inch gage. The liquid leaving the

[
on

bottom of the vessel was analyzed and found to have a carboxyl content of
approximately 206 gram equivalents per million grams of sample, an amine end
content of approximately 196, and a relative viscosity of approximately 7.2
measured on the unextracted polymer. The liquid was continuously passed

through a pipe and vessel at zero pounds per square inch gage as described in
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Example 3

A liquid mixture at approximately ambient room temperature, consisting
of 90% by weight of 6-aminocapronitrile and 10% by weight of water and
containing 0.1% by weight of phosphoric acid was supplied continuously at a
rate of approximately 37 pounds per hour to the top stage of the reactor
described in Example 1. Reactor temperature was controlled so that the top
stage was at 213°C and the bottom stage at 281°C. Saturated steam at 220-230°
C was supplied continuously into the upper part of each of the three stages
immediately above the bottom stage at a total rate of about 54 pounds per hour.
The pressure in the vessel was maintained at 250 pounds per square inch gage.
Nitrogen was supplied continuously to the top of the bottom stage at a rate of
12 pounds per hour. The liquid leaving the bottom of the vessel was analyzed
and found to have a carboxy! content of approximately 86 gram equivalents per
million grams of sample, 4.3 gram equivalents IBHA per million grams of
sample, an amine end content of approximately 71 gram equivalents per million
grams of sample, a nitrile end content between 0 and 14 gram equivalents per
million grams of sample, and a relative viscosity of approximately 18.1
measured on the unextracted polymer. The analytical results indicated that the
nitrogen was effective in removing moisture from the polymer in the bottom
stages. It was not found possible to continuously extrude the polymer from the
reactor in the form of uninterrupted strands as required for the pelletization
process in use.

Example 4

A liquid mixture at approximately ambient room temperature, consisting

of 90% by weight of 6-aminocapronitrile and 10% by weight of water in the

absence of catalyst, was supplied continuously at a rate of approximately 40

nd Comtent P bebledarpiand 14, examesauivalentypesmillion goms ) - |
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temperature was controlled so that the top stage was at 236°C and the bottom
stage at 284°C. Saturated steam at 240°C was supplied continuously into the
upper part of cach of the bottom four stages at a total rate of about 45 pounds
s per hour. The pressure in the vessel was maintained at 400 pounds per square
inch gage. The liquid leaving the bottom of the vessel was analyzed and found
to have a carboxyl content of approximately 266 gram equivalents per million
grams of sample, an amine end content of approximately 300 gram equivalents
per million grams of sample, and a relative viscosity of approximately 5.1
10 measured on the unextracted polymer. The liquid was continuously passed
through a pipe and vessel at zero pounds per square inch gage, as described in
Example 1, and the liquid leaving the vessel was analyzed and found to have a
nitrile end content of between zero and 14 gram equivalents per million grams
of sample.
15 Having thus described and exemplified the invention with a certain
degree of particularity, it should be appreciated that the following claims are
not to be so limited but are to be afforded a scope commensurate with the

wording of each element of the claim and equivalents thereof.
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Claims
1. A continuous process for the manufacture of polyamide from omega-
5 aminonitrile comprising the steps of:
a) providing a vertical countercurrent multistage reactor, said reactor

being equipped with internal perforated barrier means for establishing
a plurality of stages and for effecting contact of countercurrently
flowing omega-aminonitrile stream and steam vapor stream;
10 b) introducing an omega-aminonitrile reactant stream near the top of
said vertical countercurrent multistage reactor;
c) introducing a steam vapor containing stream near the bottom of said
vertical countercurrent multistage reactor;
d) maintaining the temperatures and the pressure within said vertical
15 countercurrent multistage reactor from 190°C to 290°C and 50 psig
to 800 psi to achieve hydrolysis of the omega-aminonitrile in the
upper stages of the reactor and simultaneously to achieve

polymerization in the lower stages of the reactor;

€) withdrawing a steam and ammonia containing stream overhead of
20 said vertical countercurrent multistage reactor; and
f) recovering a polyamide containing product stream from the bottom of

said vertical countercurrent multistage reactor, wherein said
polyamide has unreacted nitrile end groups of less than 20 gram
equivalents per million grams of polyamide.
25 2. A process of claim 1 wherein said polyamide being recovered
contains less than 25 gram equivalents of secondary amine branching per million

grams of polyamide.
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pressure is maintained between 400 and 800 psig and the hydrolysis of the
s omega-aminonitrile and the polymerization is performed in the absence of
catalyst.
4. A process of Claim 1 wherein the temperature of at least one top
stage of said reactor is maintained between 190 to 220°C, the temperature of at
least one bottom stage of said reactor is maintained between 260 to 290°C and
10 the pressure is maintained between 100 and 300 psig and the hydrolysis of the
omega-aminonitrile and the polymerization is performed in the presence of
catalyst and wherein polymeric linearity of said polyamide being recovered is
further characterized as containing less than 10 gram equivalents of secondary
amine branching per million grams of polyamide.
15 5. A process of Claim 3 wherein the omega-aminonitrile is 6-
aminocapronitrile and the polyamide is nylon 6.
6. A process of Claim 4 wherein the omega-aminonitrile is 6-

aminocapronitrile and the polyamide is nylon 6.



