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BACKGROUND OF THE INVENTION Field of the Invention The present invention
rel at es twoazpssesess for 10 the production of nylon 6 inpPaliuse/as78eed
streamthat contains a major portion of caprolactam and/or nylon 6

prepol ynmer and a mnor portion of 6-am nocapronitrile is fed directly to a
mul tistage reactive distillation colum where it is reacted with a
contercurrently 15 f| RROCESS ¢OR JMHE: BRODVETIU O NYIMNOIG.6 i s produced
comercially using caprolactamas the starting material. This process 20
typlcally% nvol ves heating caprolactamin a VK tube at atnospheric

pressure for 12 to 24 hours S oc8 S roduces_a _nyl on-6 product that
contains 7 to 10 % caprola5ﬁégéﬁﬂﬁéﬂe—g;zﬂgsﬁgygﬁzﬁg§ caprolactamis
extracted using an 8 to 12 hour aqueous extraction 25 process. The
extracted product is then dri eEq_ng{ °§§ ﬁ ﬁ&%{__rl%lprodum ng a dry product
containing 0.2 to 0.3% caprol ess has net with
comerci al success, tRbepprebeoat iioMentirheraybbasetopaoduecteaddgoan

consi der abj e exBepsBaLoribe af05§§§n 801 Y oniERL 8Nk 24Brd2R Lhse! oses a
process for the production of yam des by a_ two step zrocess that first

reacts an am RERF FPFeacBﬁ%BHnHOEF%ﬂnmﬁfe?apﬁoéacEﬁ%s%%d @EsBYL1eB Broduce a

| owdm)l ecul ﬁrpwpgmymeaohuanadmmwdp@t:tldéﬁ afseemﬂnéé@proﬂﬂaﬂng the 35
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02/09895%5PCTéy§Qgﬁé6g§;ang§&e atent 6, 069, 228 di scl oses a process for the
conversi on of ocapronitrile to nylon-6 using

Related Art

Nylon-6 is produced commercially using
caprolactam as the starting material. This process

20 typically involves heating caprolactam in a VK tube at
atmospheric pressure for 12 to 24 hours. This process
produces a nylon-6 product that contains 7 to 10 %
caprolactam in the product. Excess caprolactam is
extracted using an 8 to 12 hour aqueous extraction

25 process. The extracted product is then dried for 8 to
12 hours producing a dry product containing 0.2 to 0.3%
caprolactam. While this process has met with
commercial success, the purification of the nylon-6
product adds a considerable expense to the process.

30 U.S. Patent 2,245,129 discloses a process for
the production of polyamides by a two step process that
first reacts an aminonitrile compound with water in a
closed vessel to produce a low molecular weight
polyamide product. 1In a second step, heating the

35 product with venting to remove ammonia and excess water
increases the product’s molecular weight. A
disadvantage of this process is long reaction times and
difficulty achieving desirable molecular weights.



a pipeline reactor. One disadvantage to the pipeline 5 process is that it
requires long residence tinmes that can |lead to product degradation. U S.
Pat ent 6,W0D1209053i scl oses a process for the production eCTaSpwiéeram de by
reacti on of an onega- aninonitrilg Sﬁgh tgr in a vertical nultistage 10
reactor that is sweptUby-stfe5rPtr8r V8 a%%ge,l?ﬁigseﬁr609§§c€§ﬁ Bhvert
6-aniPocapgon&héi&@nv@r@ybgneﬁ.6—§hﬂmw@§§m$m¢wﬁd%éiSOOﬁylh@—$am@£n@unber of
nitrile ends requires_residence tiges 4 hours., U S Patent 2,357,484
i scl oses o chalpsiint 1EoG8REF - ondls Srosetdriar®ntSitae bt Bie and r apid
hydrol ysi $ ofptbeesstis| thgtolp regéises nbeaproasidéhee tbmps oduele

caprol actam Becalisg o{otEgoagékdgﬁérgaa@f$@pcapronitriIe that remains in
t he caprolactam product, 1t rmnust eefurlfled before using in a_ 20

conventional pol yneri afi oR2tPRtweuPBipeOfedi FabPESE0RNRYRCESHr BRESS for
the conversi oth®fpfodtit D0E6APEENAL pbl paiDIYbPNrSatbibn €Pesn nGhegqui re

long liquid residence tines,that can .lead to product. degyadati on and does
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6- am nocapr o e in the gresence 0 ation catalyst to produce a

first feed stfebpdebaprvaragvaisnaf okhpolaron wimkaprof aei bk derdsi nor

portion of 6--ahNPEIPFEBLEENLE, tOheb 2dF CONEACE I RuPs 35 ami nocapronitrile
and water at elevated te eratErS gsg ggpgrat spheric Ergssure to produce
g“a’mj 6P p a

a second feed streanPcBnpPrsP FEFORSEP AyFBRAEYRFRpol yrer
havi ng muse thapoabplidsd0pgoaaseqfioyahegih Scofivensieat @ad- r2pid0 02/ 098953
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to produce caprolactam. Because of the residual 6-
aminocapronitrile that remains in the caprolactam
product, it must be purified before using in a

20 conventional polymerization.

It would be desirable to have a process for
the conversion of 6-aminocapronitrile to nylon-6 that
does not require long liquid residence times that can
lead to product degradation and does not require

25 additional purification steps.

SUMMARY OF THE INVENTION

The present invention is a process for the

production of nylon 6 which comprises:

30 a) (1) contacting either steam or liquid water and
6—aminocapronitrile.in the presence of a dehydration
catalyst to produce a first feed stream comprising a
major portion of caprolactam and a minor portion of 6-
aminocapronitrile, or (2) contacting 6-

35 aminocapronitrile and water at elevated temperature and
superatmospheric pressure to produce a second feed
stream comprising a major portion of nylon 6 prepolymer
having more than about 40 gram equivalents of untreated



prepol ymer, and a m nor portion of 6-am nocapronitrile; b) providing a
vertical countercurrent nultistage 5 reactor having a top and a bottom
and havinqouppmws3stages and | ower stages, said reactor becmgseyui7gped

wi th internal gF grate barri er nmeans._for establis |ng a plurality of
stages and foPi&ffeét PR G5RLRS PEF TdildoPi PEAMSn8F ol Y48PoRd feed stream
with a 10 coumtrepolyment, | wnidl awigost pamtsbheatl] 6€pmihbaguonig ral el;east
one of said first and second feed streans directly into said reactor at or
near the top of sakd peavtdingdp W@Kﬁd@@dingusteanuEMEDtsmhdtdeaager at at

| east 15 @ne atkaduationgpal Rboheal heokebhomal say Sbeg%bps' (0. 34

mai nt ai ni Nng a pressure wtnin sa react or betvveen
and 5.52 MPa) S&Rge& aPenpergtuséagesvh éatlépré\ac§aﬂfdbf3éa§t @rquléépﬁéen 190 and

250 degrees Cyard ant@mfnaaap@woabtteaebla@khem fAbasai @‘orZQSFt%qtl@hlhgt ween

260 and 290 degrﬁ g ty) y ramnn a _stea e talnln 2 Hgad st.ream

at the top of SsEIHTPEAEYP: éﬁ&gﬁf & 90§8Flﬁg} FB&UEP f £8#Ct he

bot t om of saidrseaathprsaedopﬁod@eﬁ stream edirpr Bsi ng nonn 6 25 polymer

having | ess tQ%%n@Q %@n%ﬁ A Iggggmpgtgggﬁacted nitrile end groups
y intr

per mllion grans o oducing direétly into the vertical

nul tistage reactive, dhﬁ%kbbﬂ%&ﬁ% %Q'E@Hs%h%nﬁregughlaff1§%ttﬁﬁdreaCt'0”
step that produces the feed contai ni ng nostl %Pca prol actam (first

embodi nent) , éeﬁp8ée§§eﬁsStﬁ@é@@d@&r@ﬁéﬂysHB dSAéf FEBETRX AddPti onal

costly purifineali @Restep off saidntreadtdirate product. By introducing
directly into the vertical 35 nultistage reactive distillation columm the
product of the red(tiohrstiepinbatstprodices thédf eedctonmt aicnehgleasst |y

nylon 6 pfepolyes ¢ $86aRe ; SEPAW: MRNhka 2 the3poYPoi26898233 PEILYSQ4/ 16781

e) maintaining a pressure within saild reactor
between 50 and 800 psig (0.34 and 5.52 MPa) and a
temperature at the top of said reactor between 190 and
250 degrees C and a temperature at the bottom of said
20 reactor between 260 and 290 degrees C;

f) withdrawing a steam-containing overhead stream

at the top of said reactor; and

g) recovering a product stream from the bottom of
sald reactor, said product stream comprising nylon 6
25 polymer having less than about 20 gram equivalents of
unreacted nitrile end groups per million grams of nylon
6. |
By introducing directly into the vertical
multistage reactive distillation column the product of
30 the reaction step that produces the feed containing
mostly caprolactam (first embodiment), a process is
provided that should not need an additional costly
purification step of an intermediate product.
By introducing directly into the vertical
35 multistage reactive distillation column the product of
the reaction step that produces the feed containing
mostly nylon 6 prepolymer (second embodiment), a



process is provided that should not need excessively long liquid residence
tinmes that can lead to degradation reactions. 5 BRI EF DESCRI PTI ON OF THE
DRAW NG PWOQuwem98b53 s a schenmatic cross-sectional side-vi ewPCofUSO&5781

enbodi nent of a vertical nultistage reactor useful for performng the
conti nuous poPymeessatisoprevigedcebstasborndiingotonehd preseaivéhyenti on.
Figure 2 is 316585§1§%96'9@§Hd¥h8$/EEm&EetMSEtbﬁﬁlleQH'EbStage reactor of
Figure 1 as seen"through lines, 1I-Il. Figure 3 1s a schematic

Cross- sectlon§?9§?éét&P€mﬁe§St6Pn§ vertical nultistage reactor illustrating
the presence of an independent heating el enent 29-37 at each reactor
stage and the presence of jar i r of the col um.
Figure 4 is a schematic (:J'PEIEp ‘;@ﬂ%@@f\@em@éﬂ%@ a vertical

mul ti st age react or Fiiblurst Lattsng achemnhbdc otosedaebhgonalsBﬂde—vaWent of
the pol ymer p{ﬁdfoE BYioBuRBhY! 89 01 LEQGeR 4 m&QE&Q@agsafégét&?' um. Figure
5 schemati cal | ustrates a prereactor

6- anlnocapronpﬁﬁﬁpé é@ﬁtQ?ﬁfﬁémiégdthﬁdCOQSlBH@uérEPéYm@Hlﬁ@thQH of

treatingitche preddet @¥cbir-Bngheomihti pl-agentedsl,eht¢ohUM so as to
separate water vapor 44 froma |i U|d§gro duct _stream Flgure 6 IS

schemati ¢ cross- se€tPURSsPdeSvReGFBFS~aFEdebet EtaleCfoh ﬁlﬁ?ﬁblﬁaélrcular
central downcamnetis88gkavkagtarbofcBnyaak at kachesentthtotir bohésemto
defl ect gas ggbg es. Figure 7 is a schematic cross-section side-view of a
reactor stage cofnfaining nultiple downcomers arranged in a triangular
pattern wherei n eaEhodoendoierai scBemetriincaredsaseaniongl esiiehvaavwext ended

el l'i psoi daj @kagevbet@@gheﬁalgﬁgtQg@bksactgkgy&@u§t£§t§n5reﬁé sectiona

view of the vertical reactor stage of Fjigure 7 stacked on top of t he
presence of an indepéndent heéating element 29-37

each reactor stage and the presence of a partial
condenser at the top of the column.
Figure 4 is a schematic cross-sectional side-view
20 of a vertical multistage reactor illustrating a method
of reducing moisture content of the polymer product by
supplying nitrogen 40 to the reactor column.
Figure 5 schematically illustrates a prereactor
for making a 6-aminocapronitrile-containing feed and
25 one preferred method of treating the product exiting
the multistage reactor column so as to separate water
vapor 44 from a liquid product stream.
Figure 6 is a schematic cross-section side-view of
a reactor stage containing a circular central downcomer
30 having a bi-conical attachment at the bottom to deflect
gas bubbles.
Figure 7 is a schematic cross-section side-view of
a reactor stage containing multiple downcomers arranged
in a triangular pattern wherein each downcomer is
35 truncated at an angle with an extended ellipsoidal
plate to deflect gas bubbles.
Figure 8 is a cross-sectional view of the vertical
reactor stage of Figure 7 stacked on top of the



- 4 WD 02/098953 PCT/ US02/ 16781 vertical reactor stage of Figure 6 as
seen through lines VIII - VIII. 5 DETAI LED DESCRI PTI ON OF | NVENTI ON The
process oWOtR@9s9sF rent invention is a continuous processPCOUSPL/EP8r i ng
nylon 6 by first formng a feed streamby either (1) or (2), and then
reacting eithéerbirCabdt hieaftohestage of rEboBy Qiah 290 torewdkurrently
flow ng steam sfegaprirn a yertical, nultistage, reactive distillation
columm reactor. The term"vertical"” is neant to denote that the reactor is
situated such that gravity will cause the feed strean(s) to flowin a
general | y sdownwar d di r ecDEWAILED| DESCRIPTEOR OENINVERBIOGNACN i n t he feed
streans will be h o] y ke I on_.wW dissolved water that is
suppl i ed and reple%ﬁéh %5§§S$h%£s€%%n1¥¥%%%€gl?%e?t%0nr%%c?or

count er curr encdytinuohe drpeessofonfpi¢parbig nhkofeedogt foagifs). 20
Saturated steagymshgam ‘f@eaagewgmaofn@m@awm .orOlopat &y Qfeguper heat ed
steamat a tenperature up to about that of the liquid within t%e react or
at the pointrﬁh%?éngh%lgb§én9én?%ﬁg,Ofst?%df%%ﬁtﬁﬁﬁ%@@K§)t%ﬁt%n% or nore
of the Io_}@eg ibﬁg@ﬁc_ﬁf:réhelyofyﬂﬁiﬂi%afyt@ém %&é\aﬁleﬁdbgw&%ti&@g, a Erinor20
portion of 6- " mionor ortion" . denptes between about 0.4 and_ about

wei ght percé%§¥¥éfg%9$é F%aFﬁévﬁe?bﬁFl%faE}?no?%gﬁT% E%T%F?%jsdT$% t he
feed stream twadma“wapbicpdftisnmedniattdedshoomethat Clhaproéactam bs nylon 6
prepol ymer (" gi.oL:BAT LLoR' £A0; denolesy hr £1 L HansabolL BQ.yei ght percent of
all  organic naterrals I'n the teed Stréam Ts Ted continuously near the
top of a mul tpsrage(edl tinflpeathor . gqmerabby éawnvaed udbretheen speci es
that reagts tonkone ppkyasides. antheptiaoll 1y vetereo8 steafhs 3eilhe feed

is supplied to the columm atf a tenperatyre that st facilitates, the
establishnentb%nﬁydﬁﬁbﬁF@ﬂaﬁ@er%?cgﬁ%nd%%??e L3R %?éi%?%%ri?P?%el%olunn.

supplied and replenished by the steam flowing in the

reactor countercurrently to the direction of flow of
the feed stream(s).

20 Saturated steam, 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 continuously to
one or more of the lower stages of the column reactor.

25 A feed containing a minor portion of 6-ACN (“minor
portion” denotes between about 0.4 and about 20 weight
percent relative to the weight of all organic materials
in the feed stream) and a major portion of at least one
of caprolactam or nylon 6 prepolymer (“major portion”

30 denotes more than about 50 weight percent of all
organic materials in the feed stream) is fed
continuously near the top of a multistage column
reactor. The feed can include other species that react
to form polyamides and optionally water or steam.

35 The feed is supplied to the column at a A
temperature that most facilitates the establishment and
maintenance of the desired temperatures in the column.
The feed temperature generally is between the
temperature required to keep the feed substantially in



The feed tenperature generally is between the tenperature required to keep
the feed substantially in - 5 WD 02/098953 PCT/ US02/ 16781 the nolten
state (i.woomoes983it is capable of being punped) and thePcanser/at7ar e of
the liquid within the colum at the point of entry. 5 The feed can include
a catal yst. OkhgemolEent aratag Eh@spwgﬁﬁg tbnpdundsakiehoisbehoge di scl osed

n Curatol o epuabedy! SnaPahent <Mordtnes. 436 Acen sanehent efinFoneexan e
phosphorous a yl - substi tuted phosphonic acid,

hypophosphoroﬁ?gﬁ@PdaglﬁhﬁhBQﬁHBrPé §BFAY- i xtures thereof and the like can
be used. sAny phospher dscdonpaundcibhde hydadhygzes.t ooffgeaxygenat ed

phosphor us aci, reaction also c be
oxygen- contaln?ﬁgglﬁﬁﬁg h8§§éh PalSo?gog?%st?%?%a??yggaagdaé?cﬁoﬁeﬁght 15
percent, rel athveuratalb ekgani cUnétePaabstiNot hé, PE8d73608r08. 05 to 0.3,

preferably 0. garegeQréd Pr @Iﬁr eggmp@@t abxégﬁhwshydscmosgggp;c ﬁad

phosphorous acid g hini c aci d, pyri
phosphoni ¢ aC?HY129uWﬁElFE 6dSHBG?BhBBlFuFP§dorhVEP@EP§P§©FGBPethdthe

liquid witdi nphbephppet twedt hinfigsuekst {aﬁeg@bﬂrrandrea@t 0k kdndeh bhe
conditions of tenperature grgssure and dqﬁ% cgna Etlon $X|st|ng t here,
and fully sol'ibfe uhB&rPPREPESAHPt FEHECTR hobYSHPONESPhFPAeBEf 25 the
reactor. The beggenanedophabphothsrapmdyanldes&btndnglngonbﬁers and
ol i gomers, whi.gh WL} EESBtFBH har gkaq, pofﬂ@”bgg%eﬁ”BBH noners are

those whi ch possess orm ng capabi ﬁ 30
am noal kyl am BBSSBRETHAI ﬁé’ééllé@tsEiéﬁpFﬁ@l@@ 1g- a@lﬁeﬁo@‘apaoaﬁmbt and

6- anmi nocapy oi pedgbft, Aﬂelbﬁiveckésélq}foH@QﬂﬂBrﬁatéﬁiaﬂ§Slhh9§§ ybigh nust
ge added in cgn@ 5? th ot agg ﬁfés in oEderngfégggaanlde | i nks.
uch ronomers PdQ di BAf §§ ek®

catalysts include phosphoric acid, phosphorous acid,

phenyl phosphinic acid, and 2-(2'-pyridyl) ethyl

phosphonic acid.

20 The feed should be fully or largely soluble in the
liquid within the upper two thirds of the column
reactor under the conditions of temperature, pressure
and liquid composition existing there, and fully
soluble under the conditions in the bottom one-third of

25 the reactor.

The feed can contain other polyamide-forming
monomers and oligomers, which will react to form a
polyamide. Among such monomers are those which possess
amide-forming capability, such as lactams,

30 aminoalkylamides and aminoacids. Examples are 6-
aminocaproamide, and 6~aminocaproic acid. Another
class of monomers includes those which must be added in
combination with other monomers in order to form amide
links. Such monomers are diacids, diamines, diamides

35 and dinitriles. Examples are adipic acid,
hexamethylenediamine, adipamide, and adiponitrile.
These other components can be added as a liquid or as a
solid slurried in with the feed. All of the components
should be fully or largely soluble in the column



35 and dinitriles. Exanples are adipic acid, hexanethylenedi am ne,

adi pam de, and adi ponitrile. These other conponents can be added as a
liquid orwa2m989sdlid slurried in with the feed. Al of treTASIPOITENt S
shoul d be fully or |ar soluble in the colum - 6 W 02/098953
PCT/USOZ/1678feaF§8€thd8ﬁdEPetﬁ@nééﬁ&PP?oﬁ§ SPNPREPERAEUr BXCFFEESure, and

liquid COWpOSathUll\qu'ﬁ.lfil Bofnpeseel banwandihukhy selukmheavadenleeonditions in
t he bottom one- & rd of .the act or

f d ) f
o the reacti S preateece coRgt EAPER, 1uthiapeFnsobr bhird oE Ehet T EAT

anmi nocapr éni t reRetoProcesses have been described for the catalyzed

conversion of 6- a”tﬂoeﬁQrQHbBahhénEo %Qﬁf§€E8|§EE§Hh ggtﬁhb”rEQEtHbﬂu'd

phase and the gas phase. For exanple escri bes process
for preparingPE8pESEaetailByCrEAGYERE BydéﬁﬂﬁééépPénﬁrrlle with water at

140 to 320 deﬁﬁ@ﬁ&cgpkﬂnltbﬁlelqUP@o@@@%@s'Haﬁ@eb@éﬁséégérQEea for
heterogeneous 5 ca h such as tltagl m di, oxi de, OXIde

ceri um oxi de &PCafd ﬁ?8xF88V6¥ﬁé°Br8 taHFnPﬁFEroPegEP Sn s mostly
capr ol actlam mephoﬂaonamQ@bbbhlessthehammeMGphaseoaaﬁrbhetgabe, i n nost

cases | ess (han3% OBl DOGARIEN b borbSa2, 357,484, descrl hes react i ng 20

ani nocaproni t water tn fh asé over ron
catal yst to pﬁ@éu@éeééﬁﬁagaéﬂﬁﬁplﬁcﬁemtby ang@@@@nﬁer5|on The tenperature

and pressure amlheeap&eagﬁkgmeMQEEhcna%ee 1) K@@ptéeegbaaéereeg Brogducts in
t he vapor phasg lgplcg COﬂdItIOﬂ% were one 5 at nosphere pressure and a
&bouti¥360P t

tenperature of NREEr eBstReoPTGFERCEr OL Shi hEbPECHRNEPHEl s for
cataly2|ngstheateaQEtQnsueheasotudanhamldgodehydraikagﬁipmoeeﬁﬁb?s.

Exanpl es of s t S |nc de tallic i des a um num
oxi de, thor|u§§OX|% 8 %gécer %g mngxgggonlgﬁ1ogfaé Fi?in?hﬁ?dioxide,
chronlunlsesqmeantden bBumOBUhgsCeproiaQEambewyth|ﬁn@m 10% to less

than 1% 6-aminocapronitrile, in most cases less than 5%
6-aminocapronitrile. US 2,357,484 describes reacting
20 aminocapronitrile with water in the vapor phase over a
dehydration catalyst to produce caprolactam in up to
99.9% conversion. The temperature and pressure of the
reaction were chosen to keep reactants and products in
the wvapor phase. Typical conditions were one
25 atmosphere pressure and a temperature of about 300
degrees C or greater. Suitable materials for
catalyzing the reaction were solids having dehydrating
properties. Examples of such catalysts included
metallic oxides such as aluminum oxide, thorium oxide,
30 cerium oxide, zirconium oxide, titanium dioxide,
chromium sesquioxide, blue tungsten oxide, beryllium
oxide, uranous oxide, vanadium oxide, magnesia, blue
molybdenum oxide, ferrous oxide and the like; certain
non-metallic oxides such as silica, boron oxide and the
35 like; salts such as sulfates, phosphates and the
silicates of aluminum, thorium, cerium, zirconium and
magnesium; and acidic substances, such as phosphoric
acid and heteropoly acids, for example, silicotungstic
acid, phosphomolybdic acid and borophosphoric acid.



oxi de, uranous oxi de, vanadi um oxi de, nmagnesia, blue nolybdenum oxi de,
ferrous oxide and the like; certain non-netallic oxides such as silica,
boron oxiwe oawgssshe 35 |ike; salts such as sulfates, phospoatuse2/ el t he

silicates of alunln m _thar| ceriu zi r.coni ghe
aci di ¢ subst ances, ﬁcﬁeﬁg %HgtpﬁﬁrpﬁthE?g éﬂdgﬂi gbﬁ% eﬂﬁ?aghePBr
exanpl e, silinmﬂmngstfed d¢kdctbp03phbhalybﬂt¢ca¢iﬂuhﬂﬁsbagephosphorlc

acid. - / 5 6 h t hat ' uced in this
first enbodlnengcgggg §6§€1i5§g§éﬁ %?iu?g ?ﬁégggFfIC %?@tage reactive
distillatiSon telusatigdciormeant t@rﬁﬁngtedthébtt?e m@shémnt to denote that

the nostly CéQbeQSE@th§QQdSEE§éHhWWhh1nHBthepHﬁkiffgdtQOrEEHM%e the
resi dual 6-am nocapronitrile. |n anot enbodi nent, the feed streamis the

product of re&BEif 656déﬁﬂnéc%ﬁ%BﬁF?PFPElﬁfﬁﬁemater 10 under conditions
where the product cankabtbea éﬁbﬁdlméhtlOﬂhéff8¥HOEtﬁe@memé|YHEr and a
m nor portion ami-nocaproni t i |

8f 63 (o] n 1noca ri E Qagg()l yI'TEI'
meant to denot® HVFBn g ﬁgelnb g nuﬁ% a@g? no?e%h %r ﬁht of Iess
t han or éqUaIundeabggndls12660whase6tm94p538udésconbesna process in which

6- aninocaprogihéhbg F%r%?éﬁtS?rﬁkggn“@tgkegpl9me£ grétﬂiﬁ from250 to

350 degrees C an essure E uce on 6
prepol yner . TﬁP§thBr@éuéramén@ﬁéPﬁéﬂéFFééﬁ byTBen ?leeniéﬁveﬁslon of not

20 I ess than 8%e h%meﬁnr@spmeéﬁtabbydéﬂoteenyaage6oﬁaezn te 98mpBko. The

feed that is roduced IE S secong Ebg |ne9% Wi | | Ed direct y to
the vertical “MuffPStaf eF8$€F|V818 5t PEI 4FPBN BB Ul ?%E@ oF© 3R° t he
term "direct| 00Ds nBant,184¢BABt debhatbthea ppstéysnyhonhﬁchrépolyner
stream w | | “85198CEPPQEE£§91et9sfHé&@%&drﬁﬁEh'%QtéEeQé Lo reduce the |evel

of 6- anlnocagron t
emperature from 250 to 350 degrees C and a pressure

from 4 to 30 MPa to produce nylon 6 prepolymer. This
product is characterized by a nitrile conversion of not

20 less than 95 mol%, more preferably in the range of 97
to 99 mol%.

The feed that is produced in this second
embodiment will be fed directly to the vertical
multistage reactive distillation column reactor.

25 Here, the term “directly” is meant to denote that the
mostly nylon 6 prepolymer stream will not be subjected
to further reaction steps to reduce the level of 6-
aminocapronitrile.

Standard mutistage reactive distillation columns

30 are suitable for use in the process of the current
invention i1f the residence times of the liquid phases
in the stages are increased to give sufficient time for
hydrolysis of the nitrile groups of the feed
components. The required liquid residence time in the

35 reactor is expected to be between about 0.5 hour and 2
hours to achieve appropriate nitrile hydrolysis.

The column reactor should be equipped with
internals, such as, but not limited to, perforated
plates and agitators, to cause effective staged contact



Standard nuti stage reactive distillation colums 30 are suitable for use
in the process of the current invention if the residence tines of the

i quid phaeag/0989m3 t he stages are increased to give sufficiPemusSo2/ngst or
hydrol ysis of the nitrile groups of the feed conponents. The required
liquid resi denfethineohnteneusbenehyt biovingxpeeamdvich behbeferdn about 0.5

hour and 2 hQHEéaﬁOtQCQhEMﬁeaQ@ﬁQPéh@i&lﬂyt&bﬁﬁl@%gr ybeysfheogol um
react or shoul d be equi h 1nternals, suc ¥ |n1te t o,

per f or at ed pF%?e§15ﬁ69§ggfaPBFsan@or%%%§@1eP?e@@@?@l%t%@%ﬁr%Bﬁ@a%Y -8 WO
02/ 098953 sPCTENSN2EAG678&aciohhe countercurrently flowng steamw th the

feed streamto enﬁure substantlﬁ fte Q dro£§SIs of _ the nitrile
groups and renpval ~of CARBRi 3°Y %ﬁr y 1¢%a2fidn. Referring

now to F|guremaltnhéagateioomnoreactqnlloétagelthbmﬁnfoeanser1ﬂ00hesuitable

for use in theyceuptent Lpveoh] ofs heydhuhded:bkosdlscrelessLagesed to

using perforated barrier neans’1 et ween f féerring to
Figure 2, thelbavpieg mesherehed b@rﬁ%%¥e@e@ﬁ§t1?népuﬂb %©§W$e@eth@rat|ons

22 that ablomgta@egr t Qekbowid M@bdFiggﬂészagehé0b§£69@r Aagnhatchgast  one

| ar ger downcojrer e 2 S fro each_st age nd_be| ow t he
surface of thEeIPaﬁgﬁs gﬁég Fﬂcfﬂg € 1813 gBeﬁg?B l?ﬁ%r%ﬁygg?Foﬁ#ﬁawlqu|d
to fl ow downwasdorftomtibageptordt Agem Ehegeuﬂbest@@esta@@Satsl@hgsen to

achi eve a hig néais 89r98Q§E @ér'£8§éd2¥°LHQP %QQanféo tégﬁﬁfgéa nd
chem cal reaction. ? ages "are typical. 2o erri g again
to Figure 1, iheof ééd Palpy thd sgbﬁ@bﬁu@ﬁstyeaitiquidelalnaﬁheimo’ph@f t he

nul tistage CQ%H&B b@@%%ortﬂQer?an§B§§H§2§15§1BeéoCPD&WnHQHﬁ&Xrao one or
nmore of the bottom nost stages o he reactor The steam can be saturated

steam steam £6APaPhRAS Eozstéﬁ%rl TheuntmBer waf eftades stiperhestedt et eam

Wi th achieve a high rate, per unit of liquid volume, of mass
transfer and chemical reaction. Five to fifteen stages
are typical.

20 Referring again to Figure 1, the feed 24 is fed
continuously at or near the top of the multistage
column reactor 100, and steam 25 is fed continuously to
one or more of the bottom-most stages of the reactor.
The steam can be saturated steam, steam containing a

25 small amount of water, or superheated 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. Nylon 6 product 27 is continuously

30 removed from the bottom stage 11. The column
preferably includes means to separate and return to the
column any 6-ACN and/or caprolactam which leaves the
top part of the column as a vapor or as an entrained
liquid. One such means is a partial condenser 46 at

35 the top of the column, as shown in Figure 3. By
manipulating the flow and temperature of cooling fluid
into 47 and out of 48 the cooling side of the partial
condenser, the condenser 46 can be maintained at a

temperature sufficient to condense and return most of



super heated steam being preferred in order to mnimze the heating
requirement within the reactor. Steam and ammobni a vapor are renoved at the
top of thwowmolwsyss as vapor stream 26. Nyl on 6 product 27Ppc3/usomtd7auously

30 renoved fr tto sta e 11. The colu f er abl ncl udes neans
to separate aﬁg] gtﬁe £8% Ré éBFBHﬁCBﬂW B gﬁ@aﬁaiBWncaﬁgbi%ctan1mhlch
| eaves the taplpatihgobtthe ealbuammesia vapbe pemasedniantaponed quuid

One such means . Bat | alaspndaser 4G.at 3o bbe Logggl Lhg gl um. a

shown in Figure ulat| ow an ure coollng
fluid into 43ddad égttbﬁ ¢Qlume é@ébtﬂg ébd@eothehéepdrstage,c@ndeaser

the condenser éﬁtgam egne@hateg}l ped 8k F%r 95]8@835H6€e5£'f1£2' ﬁbg&mégtcondense
and return nDst of - / 098953 [ US02/ 16781 the 6 and/ or

caprol actamt8 tﬁ@eéﬁlﬁﬁﬁgeﬁhFPeprQVPgﬁnﬁ@f%Péaﬁﬂgﬁé amoni a to be renoved
in vapor Strean]2@heAdéhbea&hk¢,1ﬁnEhQrc6mﬁﬁnSEﬁgQ$dCB€ heibtagdded to the

col um reactor %ove the f hs%g nd_a artial _condenser cap be

provi ded abovgu? écﬁﬁ85§¥0§ gﬁeg Cst&gEs'to BﬁégPﬁg 88?Fu§o iquid. The
t enper at ke | hrekeecolbentehpelrdtbeenatnthenedp subbiecilenfl yhéi gh that the

reaction ”‘XtHéﬁuﬂﬁeisngélﬁQaﬁhéazst Iheo{,eIPLLALY %Sté& thRahopyStage 1 of

the colum is maintain lower tenperaturet Re" fenperature at
the bottom st hgEPeIatyre Bspthechpéranufeaps hdint dhARelORt a tenperature

that is h'?ﬂ téﬂ@égbthgfaﬁﬁlﬁ%@n@agﬁ@d sate @émﬁéﬁé@hfé'ﬁh@ﬁ %thiéhnlgrlle
roups on the 6- nd/ or .nyl on re oW enqu 0 avo
gxce25|ve vol §EPHP agpoﬁcbﬁ gﬁd?8¥¥caﬁrBV§EPéﬁ§lFt ?SQB%SS|bIe to
use a cdrbi natteonlef guppes shagbetéﬁn@NaandéoandyaopaEtpabpompmdenser to
T O Ze out LhR Skt BASRohvRer £36LANLaco 20 JhoyLenper ALUL e ol gbokLom <! age

11 is adjuste to obtarnan a merirzation rate, but
not so high aBClNoapddss ¢egradactom. FbE égampbeible to use a

combination of upper stage temperature and a partial
condenser to minimize outflow of these two reactants.
20 The temperature of bottom stage 11 is adjusted high
enough to obtain an adequate polymerization rate, but
not so high as to cause degradation. For example,
secondary amines can form when amine ends condense with
each other. Secondary amines are undesirable because
25 they create branch points in the nylon 6 polymer, which
can lead to loss of desirable properties in use. The
potential for forming secondary amines exists
throughout the column; therefore, it is important that
the average temperature in the stages not exceed a
30 wvalue 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 265°C. Because the hydrolysis reaction
is exothermic, the column is optionally equipped with
35 means for water injection 38 at all or selected stages
for temperature control.
The top stage is preferably maintained between
about 190°C and 220°C when using catalyst, and between
230 and 250°C when not using catalyst. The bottom stage

- 10 -



secondary am nes can form when am ne ends condense with each other.

Secondary am nes are undesirable because 25 they create branch points in
t he nyl orw6 opo9spaer, which can |ead to | oss of desirabl ePpraser/1d7es i n
use. The potential for form ng secondary am nes exists throughout the
col um; thereidrereferpblympoinaninetiabetveren avlepage26eiparnd H¥Cn the

stages not exgeed,a ﬁQs{{aé’éﬁgéQOMEeV‘@kéPeH{&?lﬂ;Oéﬁﬁix%}%édox&l%ﬁ%@%y ami nes
beconmes detrinpental to gro duct. _‘Aver agi ng oveér ottom two-thirds

of the reactofOTthidePeNPerat GPBLFSL GPpreRPRER BYyC 265801 BeEalEECL he

hydronS|Ssreﬁ§tb©§t ascemplhghQHbethgeC@fU@ﬂhbﬁ @Dbh@ﬂ§|qu@Q@|pped with
35 nmeans for mat t|on as at _al elected stgggs for,tenperature

control . The ?%% éP%bP?SﬁﬁP%t PhedTBed AEERTS abGRt 1 190¢ and
220C when u5|ﬂgheathe§3ttrandfbetdeemce2399ahd 2%50Cvinhen nsah lsi nged

catalyst. ThecBotbom shageidQ MO 0269R95% P2 648y, LSspreferabl y

mai nt ai ned bet ween about nost stages are preferably
equi pped wi th neanshef 6pliRdepEnaBAEaERAL bl cbPvabapePEearareThi s control 5

is best ?gponpkéﬁégﬁbpy Hﬁ@v?fSQ ﬁQigf|@WB@QM%é?Plﬁo¥@e§£efé§@§ig ?Edggm
passi ng through_ jac coi e ransfer vi ces o

whi ch can be g@%dgofg¢8b8?ﬁghzgtg%gtang @Bdﬁ? sﬁ%ﬁﬂfYﬁ Cridite 3. The
columm is opedﬁ@eﬂoa8oelpsagedeWésser SEOMBan@iabbutabQVQlﬁﬁtpsmg (0. 34
MPa), nore pr ) t . yst,
and 400 to 8 %€£ gg Bégg %9a§9g28§¢§}é u c%%%?hg? Fwé %fgéﬁé
substantlallye@@ﬁp© t ehaydardfyspgdonyiee ﬁ|@¥¢p@QY@©ns of the 6-ACN and

nyl on 6 QﬁﬁpoéMﬁﬁfanﬂ§a§M9SE@ﬂb&é£EYh9Q£@i§§§shygrﬁéqéi§e&5t598@t£§ﬁ to
obtain good qualit on 6 product should contain

| ess than abo ?Oéoqé?£¥¥¥qHY%§Pe%tEO%YmeEnth?%l9& e nPtPrPeuehds per
mllion gransshbubdl yortainsbekbathhhealpolyned gasmbeqhivibhentprocessed to

raise unhydrolyzed nitrile ends per million grams of polymer,
so that the polymer can be further processed to raise

20 its molecular weight to the highest average molecular
‘weight required for a particular end use. The pressure
can be controlled by means of a pressure control valve
39, the opening of which is continuously adjusted to
vary the outflow of vapor stream 26 in response to the

25 measured pressure in the vessel. Under the conditions
of temperature, concentration of water, amine
functional groups and catalyst in the reactor, nitrile
ends are largely converted, in combination with amine
functional groups, into amide linkages, with

30 consumption of water and release of ammonia. The
ammonia is removed from the reactor in vapor stream 26.

One of the advantages of the present invention is

expected to be that steam will continually flush
ammonia away from the lower parts of the reactor, up

35 through the upper parts and out the top exit as part of
vapor stream 26. The concentration of ammonia in the
lower part of the column reactor should be minimized
for two reasons. First, ammonia can react with and

break amide linkages, hence limiting the growth of

- 11 -



20 its nolecular weight to the highest average nol ecul ar weight required
for a particular end use. The pressure can be controlled by neans of a
pressur e wonenmIsyal ve 39, the opening of which is conti rocoushy1a8j ust ed
to vary the ou&flo of va or stream 26 in yesponse tg the 25 nmeasured

f

pressure in tAE0Bs8ePOLYRBE PPAEELATI VEOARE - of SEERPEr a8 8onBent rati on
of water, am hRe ﬁaporlphabegwmmeraddceathéy§artna1hpreeaukeranitriIe

ends are | ar ggb L RonX oLy L0 conblpatlan i eLneo,lURELpOaL grouPS.

into am de |inkages ion o ease o
The ammord a wsteénnvbuchr@ﬁntn@duéactbﬁ rﬁtvagﬁrngtreéﬁ1nadrOEMéléi the

advant ages OfThegepfﬁée@EféB¥§nEthbbSes§é8§§1§9 89m9?15EaEnSEﬁém‘M||
continually flush ammonia away fromt ower' parts o e reactor, up 35

t hrough the upPBRTpBR¥s GRdEBEt TERETPED EQ?Fea%mb%?tlbﬁka9§ﬁoﬁr§trean126
The concentr ahi gnest. aﬂannharenthberatemef pattivé hherediBim feactor

shoul d be m nij 'zeg for t reaso £ ni a can_r act with and
or oak am do. | FREAEOY, SPnCEePRRRR REv REEEHGCTIBE 23 ehD 02/ 005053
PCT/ US02/106781 nyEnntBepopyaersnagesubértME|ghlumSecbhg,vaﬁuoaiayin t he
vapor phase “bk'tﬁ8d98§c£98n9@5khékepéﬁéag eBQfloﬁtégﬁggHtEHQtV%RQB phase

and hence the concentration o can re he rate
nitrile hydrofpBreprighasdeshenepfeths paripE2E8PckRrBrI§Tr8akBglAg2in t he

| ower part of EBebﬁBBQéQFfrwﬁetﬁeagtéém|hﬂ&agﬁﬁoﬁig vhpehegt 1andavwhere the
rate of nitri g drolysis.is %Ead% w1becau e few %t | e ends are
left. 10 In tf E%EéVes?éééggant FafmitnBty EE%s|t5 €t he reaction

m xt ur e sitoul dobeohowf ehhaghoihah, mwhhreappeopiﬁabeldgsmgnhmghehe, a
perforated ba%ﬁkg S,42;L0 %%f?rgﬁngﬂgghe§nf59g1%pem8£§?gF annnnla vapor

wi |l cause ive m Xx reaction m x T5 bottom of
t he col um, mh@tbomh@oatsébégsy |sIhlgh@sreagt0ﬁ1ﬁb@WQSlhstgétérébly used

in one or nDrﬁe@BaBB@al mixing is provided in the bottom two stages.
Preferably, to minimize ligquid by-pass between the
20 stages, mixing in each stage is induced by either
proper arrangement of coils, to assist gas induced
mixing, or by mechanical agitation in lower stages,
where gas mixing is not sufficient due to high
viscosities. Liquid by-pass reduces the desired
25 reaction efficiency requiring a larger size reactor to’
achieve the same conversion at a given flow rate.
Ligquid by-pass also may cause increased ratio of side
reactions to preferred reaction, resulting in nylon 6
polymer quality problems. Height-to-diameter ratio for
30 each stage is preferably between 0.5 to 1.2 to achieve
appropriate mixing efficiency.

Axial mixing between the stages in the column
reactor (as a result of liguid backflow through the
downcomers induced by large bubbles either entering the

35 downcomers or forcing liquid into the downcomers as
they approach the downcomers) will reduce the overall
nitrile conversion efficiency in the column reactor.
This will result in a requirement for a larger size

reactor to achieve the same conversion at a given flow

- 12 -



bott om nost stages. In the reactor shown in Figure 1, nechanical mxing is
provided in the bottomtwo stages. Preferably, to mnimze |liquid by-pass
bet ween tWe 028%89S3 ages, m xing in each stage is induced bycC&ush®et678pr oper

arrangenment of coils, to assist gas_induced m X chani ca
S tation i n FotRr sthoRbiS hRk Eahas AixtigrreorR talie  bFoRttRue o hi gh
viscosities. regottloby-paspreeduced rbactesnfede2bltiagtinngediityency

[pauiring @ | BEABSaAL e FRBCERS g ng 2EDL LR RS, SRRRCRTNELShen at @ ai ven

flow rate. y-pass al's ncr eased 00
reactions o @@@h@®m@usr@antb@nempéguedlhg the nyibhistagel gadrmgual ity
probl ems. Hei ghte-tg@rdi ameter ratio for 30 each stage is preferably between

0.5to 1.2 to achieve appropriate mxing efficiency, Axial mxing between
the stages in the RBFSRAINFBLY oFO(BsTUTFebul 2 %%r?Fﬁ%FdCEQERFFOM/through
t he domnconeaSWn@dmsﬁd5@ylbapgevbubble$tﬁlah@1 -eth ecaNgat BecBhedOWNCONEr S

or forcing liguid_ ipto the downconers a th I oa t he. _downconer s)
will reduce t g ve?%?lboﬁF??r€% §Eﬁ§%?§i%%sg¥¥$§f %c@glﬁw?ﬁe958Wunn
reactor. 10Thi shei bwnesmét, i praveequthemehrohoengetdngethsi ze reactor to

achi eve the s rs 2
PCT/ US02/ 167610 D SomaE éH? a&fﬂeggggggﬁgﬁm%ﬁ%%%% g{%gagggﬁggﬁer

reactions to %h@f@@PeHeF@9@ﬂ|5he aEEanmﬁ@t|%lq@%@|¥@e BepbbpBnsf th@
fol | owi ng pre&@ﬁﬁ@@m@fr@@gﬁgeﬂhﬁoﬁﬁaﬁtd@MﬂﬁQﬂﬂmﬁz@aﬂléﬁléan@kﬁﬂown the

nultlstage colu gactor Referrlng Q o FI%UFE Elrcular gentra
downconer ?Engpﬁv QECRIPER APBRCEDn XaF at PEThTeNt f%? dt TRE BBt tom to
def | ect gas bhpbthe §2s avapblesnt t@vehéidowneanethe pdeveabmeheaxitom

entering thea?ﬁ i 51&2939?%'g%&hlfﬂgfdtﬁﬁéﬁfggsﬁpg Q?%@CBPEEtedThe gap

bet ween t he ott om of downconer ortant
to minimze IbﬁulEQEa@kleV/lS between 0.5 to 1.0 inches of llquld

Another preferred arrangement involves multiple

downcomers 55 arranged in a triangular pattern, as

20 illustrated in Figure 7. The bottoms of these
downcomers 52 are truncated at an angle between 30 to
60 degrees, and each downcomer is provided with a
welded extended ellipsoidal plate 56 to deflect gas
bubbles. Liquid is allowed to exit through a

25 rectangular slit protected by the extended plate and
pressure dissipating attachment. Slit dimensions are
arranged to have a pressure drop of between 0.5 inches
to 1.0 inch liquid to minimize backflow. The preferred
arrangement of downcomers 55 with respect to each other

30 is shown in Figure 8 to achieve maximum mixing
efficiency in a stage.

Preferably the reactor stages are configured
as flooded trays to facilitate an agitator shaft to
pass through the downcomers so that liquid can still

35 pass through the downcomers from one stage to the next
lower stage. Typically, mechanical mixing is required
at the bottom two or threée stages of the reactor to
minimize liquid by-pass. In these stages mixing
induced by gas traffic (as implied by flow arrows in

- 13 -



in the downcomer induced by the pressure field created 15 by the gas

bubbl es travelling near the downconer exit. The gap is adjusted such that
t he presswpe2nsIps created by liquid flowis between 0.5 PaTAIS02/14718hes of
liquid. Another preferred ar rangerr%gtt jnvolves multiple downconmers 55
arranged in & YFiEhQ) &2Hpdttlelts figyeny f& ehed®Vich aBRARRF TR terhe

bott ons of t heisel pWooess &2 e Highoatembtt ias antganheiseen 30 to 60
degrees, and .eac coner .i.s ovided with a, wel ded extended el lipsoi dal
plate 56 to ﬁ%%c&%ss © rhbﬂo elis)g.e i%hisc}:al%esaﬁboov\‘feed %oose%]tovf%rr ough a 25
rectangul ar sitiages otreotheid-lbyeaiten ehareride ey latvecand Hqweessur e di ssi pat i ng
attachment. SHidogidrenslans, & & & dANged JQhave Iy GEEHE drop of

between 0.5 inches to I.0 Inch qujgj%d t'o mnimz ow. The preferred
r

arrangenment GICRFONWRIGHE LB R reretin FheadrmasBEtagesha# i n
Figure 8 to aﬂmﬂfm@imfel{jﬁ@amgﬁ e&%ﬁegd enmb iaﬁtcﬁaf&i@?ﬁa duefesably the
reactor stages are confi ed. .as 00 trays to facilitate an agitator
shaft to pasél?"ﬁr%n Ot%g{ecﬁ)%tcoori@res Csosufnﬁlat liquid can still 35 pass

t hrough the downcditer snfraom @ rercstage 20 tdwoveek tf rdrovere Sdcgeom Tyhi cal |y,
mechani cal o d6d fuf AU Nathe Aled N, BAHOM LRI, 1Y E Al ages of the
reactor to mnimze 1 qul y- pass. 9 n these stages m Xi r% i nduced by gas

traffic (as inmleedldy weiaharaloveeteen mpoutd DHWHSIBE HONUSIH ¥6781
tFlh guL e ﬁ) MY 0dt DB Sﬁ!ﬂ‘s}‘d&éfﬁw d@@ﬁ%’étﬁ&’eﬂerﬁ%&ﬁ“@t&ldd@w ntqrrna-ecauge of

e high viscosities encauptered., Weir trays can pe used |n stages above
those |ower B %@%é%%%.%‘?{l%% & i BT e &t}es(fos%%\)@r?er fl'ooded
trays arespreferas est; lhecayseogdeyi@ald owo neas wressenireofod ithd dcdlavel in the
upper nost stage the liquid |l eve n be t i.nt 0 count_.to control
flow rate of q%eaecﬁ%' t HAEC ctc}f ptcjlrrdn‘—i.dl I%y Selﬁ%y 00% é’%%r%c%&g ulcQ}n 2 Chrlesrr[)"(/"’letae fromthe
bot t om of is enough to disrupt most methods of pelletization.

Consequently, means should be provided, following the
column reactor, to reduce the pressure of the nylon 6-

20 containing product to reduce the water content by
volatilization. A preferred method, shown in Figure 5,
is to pass the product through a pipe 41 that is (1)
sized to bring about most of the reduction in pressure
by means of frictional resistance to flow and (2)

25 heated to compensate for the heat of vaporization. The
pipe is usually preceded by a valve or a pump 42 to
control 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

30 separation is carried out at a pressure low enough to
at least reduce the water content to the level where
the nylon 6 polymer can be pelletized. This pressure
could be above atmospheric pressure. More typically,
the separator is operated at atmospheric pressure or

35 under vacuum. The separator 43 is heated to maintain
the polymer in the molten state and to establish an
optimum temperature, typically between about 270°C and
285°C, to accomplish further removal of dissolved

moisture without causing undue degradation of the
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the columm is expected to have a nunber-average nolecul ar wei ght of

bet ween about 3,000 and 8,000 and a relative viscosity (RV) between about
6 and 16.wOhe/09gsdduct shoul d contain a content of di ssol ped/usar/ed781L5 nore
or less proportjonal to the pressure of the colum reactor. At typical

pressures of RPEYBEET on, SRR LRE €15 1% RARIRIIFRY dEriiiehds? net hods of

pel | eti zat i orenh&ds efjueitidy , r&MRANSsL Sk w1k el v viatas: Srad [t ng the
col um react or

to.r ce.the pregssure of e _nyl.on 6 20 contai ni ng product
to reduce thdWR{EF® gbodfln Dy 1\%? a‘f?‘??%a%lrowl% pcroé)ftearjrré%rhr%"f hod, shown
i n Figure55, méikecwlaassidiet proviie ehrgengrsa gidestddant han ilse (1)  si zed
to bring abo 1o ®f tll}ger [ i SSH : frictional
resi stance tt)g?(f?(;(\%v and (2), 25 eatée)}(%%%ﬁpe_ns%eeq?eolr@?hqg ee_aat of
vapori zati on. SRR P sSLUZERATS b BCEHRP YL WAl urs sl to
control f:COW_ fe et;hé\tdééflﬁré?clﬂflerﬂi ude, piqe é%n%)l\@%iﬂiut aaty OEOLfa wi der 24 and
section of pipe, sized to allow st caonpl ete separation of v r an
liquid 45. Tt#%%’beie%aﬁ%ﬁiadh i%oafc‘ﬁ)w e%PEg]dtcagftlQJlspr Rt %v&%ﬁ'@ﬁgh to
at | east 1pedufber tdeerwet efilpont earid tabddte 1E@weeld wheyleer tiwer nyl on 6 pol yner

can be pel | etized. JU S AESSUT Qo Lol 4 pe abaus, ALIMSPNGIL, REssgyEe. More

typically, the s;%)arator I's operated nosphieric pressure or under
vacuum The sebhlafwrthesr iindecassl the moeciler el gl yaferther nheomol t en

state and to estabhish, awh@m%w{néeﬁmﬁ{@éw@ ARl | pr-fetwgen about
270C and 285C,” to acconplish Turther renoval of dissolved npisture

Wi t hout causiSiParmrlRr FatFON DF LI USing RSheHD T FeT/ U2/ 16781
pol yner . 18epasst orsukh iss prefaidbtasagid at ed # qi grhanea faitder renoval of

ol ecul ar el GHCEYATT B Gohere SR et ke e 25 L Eh. € The nylon 6

pol ymer can herdddck igan Hee sebiat gtlorse pdhoredsed thy estoisig ythe val ues

suitable pellets in a flowing inert atmosphere such as nitrogen
or in superheated steam, using methods known in the

20 art.

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

25 point of steam injection, as shown in Figure 4.

EXAMPLES
The following examples are presented to more fully
demonstrate and further illustrate various individual
30 aspects and features of the present invention. The
examples are illustrative and non-limiting.
Test Methods:
The nylon 6 described in the Examples would be
analyzed for amine and acid ends by the methods
35 described on pages 293 and 294 in volume 17 of the
"Encyclopedia of Industrial Chemical Analysis"
published by John Wiley & Sons, Inc. in 1973. Nitrile
ends would be measured by infra-red absorption in the
range of 2240-2245 cm™.
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for the desired end use, for exanple about 50 for apparel fiber and
nol di ng applications, about 60 to 70 10 for carpet fiber, and about 70 and
hi gher fowOoenokesirial fiber. Operating the separator undeCTasoxwTsl Wil |

further increase the nmol ecu| ar wei ght , of the nylon 6 product. The nylon 6
product 45 removedPfoRftHel C@pht &t eFitan bl p%fl%ﬁ?ﬂ%ﬂlﬁ§mhﬁenethods known
inthe 15 aréam§hé§ @asuBd r]@@dm@éa:slhr@@ asfrhé ghetis edative visseostyy (RV)

is desired, el zed ny 6 . product can be so has | ymeri zed
by heating th% %e??gFé h A f?b&j%6°i% r¥m%fnﬁ%d%e?%i% %ﬁ Fn?@rogen or
in superhéate@t%téanmlgsamgdnem@oh@ kndvwma tar t die Zﬂﬁhrﬁp,Mh&uternative

nmet hod of re i r t obj ective
of maki ng |tdy£é€?g gaﬂ? @ﬂ@ forﬁ986§ %dﬁQ?éggéﬁgg%EF%mfﬁ%é%s$9§d react or

at one or nnr%nl%%ﬁtﬁéﬁg %@+%ﬁ/%he2% tom nost 25 point of steaminjection,

as shown in FigureTde f&i@éﬂﬁ@ e £mﬁ>i@é|ﬁé\4:élgg@%@f@&@§ et}l@éeﬁgélt ed to
nstrate and, f ther strate various .ndi vidu

nore fully de
aspects and fggt%rﬂﬁ %?m?%%C é@%ﬁ §Li b et dATOSHES %y %n%f%des
il lustratiove and neoetsatylm@ssT@Bd éh@h@@sbaﬂ&ﬁnéwdom&@n@eﬁtthbed in the

Exanples woul d.be, ; ak¥£$95é§ra§&18§u§fﬁqgf f%%@ &%?ﬁ@? £8d5 35

descri bed on pages 3 and I'n vorune ncyc opedr a of

| ndustri al Ch%ﬁ@rahY¢@@P¥s¢%" publ i shed by John Wley & Sons, Inc. in
1973. Nitrile ends would be neasured by infra-red absorption in the range
of 2240-2245 cm 1. - 15 WD 02/098953 PCT/US02/ 16781 The relative
viscosity (RV) of the pol yam de saanﬁéMBBELg be nmeasured as the ratio of
the viscasity of Bhsofeédobthat GodtadAs pal mapsr ipoat Sohubf ony0dn98 5 wt %

formc acid ?BQe&Ql“& mgﬁgra 1ng§:p59t£h§ of 6-aminocapronitrile

would be prepared by mixing water and 6-
aminocapronitrile and reacting them in a pipeline
reactor under conditions of high pressure and

20 temperature. 400 psig and 270 degrees centigrade would
be suitable. The residence time would be selected such
that the majority of the 6-aminocapronitrile would be
converted to nylon 6 prepolymer but some 6-
aminocapronitrile would remain. This feed material

25 would be fed directly to the counter-current column
reactor.

The counter-current column with 4 stages was
simulated using the mathematical model and the feed
material. A mixture containing a nylon 6 prepolymer,

30 caprolactam (9.7 weight percent) and water (4.60 weight
percent) would be fed to the column at a rate of 44.96
1b/hr. The prepolymer would contain 38 gram equivalents
of nitrile end groups per million grams of prepolymer,
191 gram equivalents of acid end groups per million

35 grams of prepolymer, 725 gram equivalents of primary
amide end groups per million grams of prepolymer and
954 gram equivalents of amine end groups per million
grams of prepolymer. This mixture would be
continuously fed to the top stage of the reactor, which
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viscosity of the formc acid-water solution, neasured in the sane units at
25C. The foll ow ng exanples were generated by the use- of a mathemati cal
nodel of wbezpesssess, which includes 10 the necessary na®ETASA2/eT6T gy

bal , al t Ki I b t f d
Cray hydr aul | B ERRPLES PS8 LARE Fbod PNt cONPEFAESoNar P “BoPEPSR of
nylon 6 prepbeymtnjantded atnbhepbpttom staGeantnobapreactor| et woul d be .
brepared by TxLRootaysr 1And. 6 A0 ABSARAOBELLLLE. A0y i8aGL! N0 Lhem I n @

pi peline reac under con gh ressure an tenmperature. 400
psig and 270 G@Q#é@éléénﬁtgﬁéaepﬁéaldl e ¥Apiabnd. thraecpddindence tine

woul d be seleeéﬁ9e§a@hrethaﬁlahsenﬁhe&baﬁeeftbh§6§ 48y paeapeogtt khke woul d
be converted to n some _6- am nocapronitrile would

0
remain. This PeEgo FEPQ%P §§ m%ﬁmﬁeﬁétF€l GﬁrEE?I?e?%nghétéaﬁn?épmcurrent
col um reactehe The QOumHebeChéEanhtCQBlnﬁe@tébs4cS&ﬁQEEhéﬂﬁhlﬁdnU|atEd

usi ng the nmat henat i and th ed A m xtur aining a
nyl on 6 prepo gn%? %§8mgggroF3€taﬁP§3 Ee |g t % ?%%n??gﬁﬁas fere%ﬁ 60

wei ght Jgér cehipunduhdlfeupetdime wheldovemy hetweeat 2508nd4306 | b/ hr. The
prepol ymer “DMLHuE@BtaéE §§a§éa"bﬁautﬁé'€BE§1 QRqﬁi&rhEEdeG FREPSHPer

mllion grans of prepolyne 91 gram equi val ent's of acid groups per
mllion 35 gr&h8 GPlﬁmépHPy%ﬁrbe7é57ér§ﬁPéEU|vaIents of prlnary ani de end

groups per ”1|||OnAgﬁaﬁBrOispéQPQEYQBFtandea954tgéaﬁbpqgtagéentS of am ne
cnd 81 oups, perofL LoD 8/, o PESRALNTEL (T o TLxture weuli e ooocs
PCT/ US02/18678Thisouhdobeimapnedineddato266ntaifupeb beabgdwsighim woul d be
injected at the,BRILOMSHAYE Bl kBEhea6LohiAbcdpronitrile and 97.5%
by weight steam. The mathematical model predicts that
nylon 6 product stream will be produced at the bottom
of the reactor at a rate of 46 lb/hr. This stream will
20 contain 5.4% by weight water. The model predicts that
the end groups will be as follows: 17 gram equivalents
of nitrile end groups per million grams of polymer, 292
gram equivalents of acid end groups per million grams
of polymer, 4 gram equivalents of primary amide end
25 groups per million grams of polymer and 313 gram
egquivalents of amine end groups per million grams of
polymer. The RV of the product is predicted to be
6.00.

30 EXAMPLE 2
The feed that contains a major portion of

caprolactam and a minor portion of 6-aminocapronitrile
would be prepared by mixing water and 6-
aminocapronitrile and reacting them in over a suitable

35 dehydration catalyst in the vapour phase. 1 atmosphere
pressure and 300 degrees centigrade would be suitable
reactor conditions. The product of this reaction step
would contain a majority of caprolactam and a minority
of 6~aminocapronitrile. This material would be fed
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rate of 32 | b/hr. The columm pressure would be 5 controlled at 250 psig
(1.72 MPa) and the colum tenperature would be increased to 265 degrees C
at the bwotemyssage. The tenperature of the second stagePCrarsn2/141e1 t op

woul d be held. at 25 rees Cand the third s e fromthe t woul d be
ol et 200 dbrestie 91858 CorRtrt RBraED Eo bttt baty beRaken 25 and
30 mnutes pBMespaQEflaaﬂléﬁeofothé tapgnoHabohd tp témeve nthéhe col umm

woul d be 1.75 QQE&ﬁalAﬁvgﬂfﬁo%%p%§8§€£fg?tO | eave the top stage entering

the parti al condenser at-a ra 15 This vapor is predicted to
contai n 2504% by wEhghecoanhentauroegplopbympevghit %-stapecaprdnitrile and

97.5% by WB'Qﬂﬁu§é€é81ughﬁg”@EQeﬁﬁ%héﬁétﬂ@Qf|m@&@ﬁ'&ﬁé thatregyl on 6
product streamw || be produced at the bottom of the reactor at a rate of

46 | b/ hr. ThiBakeFéam Fem ?@ec€%?%ﬁﬁr5d%@€ﬁ§b%%l@m&vﬁate@ MyREUEBde

predicts thatcoﬁh@lﬁmﬂggéoﬁ@§rMié&t@@ a89felWQM§hth3egé@m1ﬁgusvalents of
nitrile end grou equk¥ Ients of

Do 6 end orocRiBReREE ol bl O SRSy 8 LR MIEEan €D Zan LA £61
primary amo dewengh25pgroeps) peouhd| béofiegr tosting @@iwmmraand B&Begoﬁn1

equi val ents of o agh peyenel, 01 2UDS PEII A1 LLKOD O 5Ly DOLYPETonTheQRY of

the product is predicied to eed that contains a
maj or portiombtritgpeafagranrandes Fihdbioposra®h of Boadi nBedpronitrile

woul d be prepai geuby %Kl@%@%@ﬁtﬁﬂ@o@slﬁﬁféﬁcﬁ@r@%tﬁéﬁes’@é@er§§c'[' ng
themin over a%SUItab e_35 dehydration catalé tmg ¢ vapour hag
at nosphere  preSshFachifr 38 gt 822 LRhE 1P W - be SWEEBER e?leactor

condi tions. Toeepmodoaldobet hh$ectadt abntseepotnoul sttagasach ahenjority of
capr Ol St S B0 oL O A0 196 O L e e a1 voul O be
pressure would be controlled at 250 psia (1.72 MPa) -
and the column temperature would be increased to 260
» degrees C at the bottom stage. The temperature of the

20 second stage from the top would be held at 245 degrees
C, the third stage from the top would be held at 250
degrees C and the fourth stage from the top would be
held at 255 degrees C. The liquid hold up time would
vary between 29 and 34 minutes per stage, and the total

25 liquid hold up time in the column is 2.55 hours.

A vapor is expected to leave the top stage

entering the partial condenser at a rate of 34 1lb/hr.
This vapor is predicted to contain 0.08% by weight
ammonia, 0.002% by weight 6-~aminocapronitrile and 99.4%

30 by weight steam. The mathematical model predicts that
nylon 6 product will be produced at the bottom of the
reactor at a rate of 38 lb/hr. This nylon 6 stream is
predicted to contain 5.77% by weight water and 8.11% by
weight caprolactam. The model predicts that the end

35 groups will be as follows: 17 gram equivalents of
nitrile end groups per million grams of polymer, 272
gram equivalents of acid end groups per million grams
of polymer, 2 gram equivalents of primary amide end

groups per million grams of polymer and 291 gram
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directly to the counter-current colum reactor wthout the purification of
the caprolactamto renove the residual 6-am nocapronitrile. 5 The

count er - cworeef09896®l uim with 5 stages was sinul ated usi ng PChaSoridTenat i cal
nodel and the feed material fromthe reactor descrijbed above. A m xture
containing a tEP+BRAEEEM (85. BhReghtdpereent ) Pes-mhkl horapFIRet efl e (0.4
wei ght percenpdlandrvat ehe (20 30 wRbgbtongetens)proul dcde £edoéost e col um
at arate of 40 Ib/hr. The feed would contain 40 gram equi val ents of
nitrile end groups per mllion grans of feed. This mxture would be
continuously fed to the top stage of the reactor, which is nmaintained at
240 C. Superheated 15 steamwould be injected at the bottom stages of the
reactor at a total rate of 31 Ib/hr. The colum pressure would be
controlled at 250 psia (1.72 MPa) and the col umm tenperature woul d be
increased to 260 degrees C at the bottom stage. The tenperature of the 20
second stage fromthe top would be held at 245 degrees C, the third stage
fromthe top would be held at 250 degrees C and the fourth stage fromthe
top would be held at 255 degrees C. The liquid hold up time would vary
between 29 and 34 m nutes per stage,'and the total 25 liquid hold up tine
in the colum is 2.55 hours. A vapor is expected to |eave the top stage
entering the partial condenser at a rate of 34 Ib/hr. This vapor is
predicted to contain 0.08% by weight ammonia, 0.002% by wei ght

6- am nocapronitrile and 99.4% 30 by wei ght steam The mathenmati cal nodel
predicts that nylon 6 product will be produced at the bottom of the
reactor at a rate of 38 Ib/hr. This nylon 6 streamis predicted to contain
5.77% by wei ght water and 8.11% by weight caprolactam The nodel predicts
that the end 35 groups will be as follows: 17 gram equivalents of nitrile

end groups per mllion grans of polyner, 272 gram equivalents of acid end
groups per mllion granms of polymer, 2 gram equival ents of primary am de
end
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groups per mllion granms of polyner and 291 gram- 18 WD 02/098953

PCT/ US02/ 16781 equi val ents of am ne end groups per mllion grans of

pol yrmer. Wbe2®48985 the product is predicted to be 6.4. 5PCTAS02/ W81

02/ 098953 PCT/ US02/ 16781 WHAT IS CLAIMED : 1. A process for the production
of nylon 6 which 5 conprises: a) (1) contacting either steamor water and
6- am nocapr ONHATI e ChAfMEDPresence of a dehydration catalyst to produce
a first feed strea sl a . mjor portion of capr am and a m nor
portion of 6 io anghﬁcgp?gﬁiggflg?eo r?§§0%689a8?iﬂ§f%@ énV dcBpronitrile
and wat er Gat ebapauedStenperature and superatnospheric pressure to produce
a second feed stream o] r gpol ynmer
havi ng nore than agguéﬁzgﬂa?gﬁgglﬁ n@ gﬁ?g %#égﬁtgga?¥%8€5§%?tglle end
groups per nlﬁmiﬁﬁcépéﬁﬁlBFlﬁ9lbﬂ Bheppéﬁéﬁ?ﬁ@rOfaﬁdd%hﬁﬁﬁétl%@rt|on of

6- am nocapronghthl @st bb pt@&uaéng ﬂlygttfééﬁ §eHBLRT EHnp DL Y| bi Stage
reactor havin es.and Lo

to ttom ving up sta
st ages, said $§58F0E05gﬁﬂa 8guF%BE ﬁﬁtﬁﬁtﬁngn?eﬁﬁﬁ?r $¥Bia?eﬂ Tpar r|er
nmeans forllestabinebhapgonatpilieal oty (Bf sbagestand &er effectlng cont act of
said first a e t r fl ng
stean1streanlggéﬁgc EEgHQtEEEQ g#éaggk%%eggfe%%?%Q%?r§%$égpék§§es§§%nd feed
streans d|recﬁuperﬁt@0§§h§riéa@¥©$Sareoto neaducheat pcondsheedr eact or; d)

i ntroduci ng Sé@@@hh”&@mﬁ@hglﬁgagtﬁé 8t Bbrtesst orORG1LLAL 6OJUSHL PPmBRI Nt
near the bottom of said reactor; nalntalnlngﬁgkg%essure within said

reactor 30 beRABERISHORRATEBD %@P@t(éo3ﬁraﬁde§u Safd ant¥eaperat ure
at the tas ofnsardleeantiogrbepweper1801andn grams of nylon 6

prepolymer, and a minor portion of 6-aminocapronitrile;

b) providing a vertical countercurrent multistage
reactor having a top and a bottom, and having upper
stages and lower stages, said reactor being equipped

20 with internal perforated barrier means for establishing
a plurality of stages and for effecting contact of said
first and/or second feed stream with a
countercurrently-flowing steam stream;

c) introducing at least one of said first and

25 second feed streams directly into said reactor at or
near the top of said reactor;

d) introducing steam into said reactor at at least
one introduction point near the bottom of said reactor;

e) maintaining a pressure within said reactor

30 Dbetween 50 and 800 psig (0.34 and 5.52 MPa) and a
temperature at the top of said reactor between 190 and
250 degrees C and a temperature at the bottom of said
reactor between 260 and 290 degrees C;

f) withdrawing a steam-containing overhead stream

35 at the top of said reactor; and

g) recovering a product stream from the bottom of
said reactor, said product stream comprising nylon 6
polymer having less than about 20 gram equivalents of
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250 degrees C and a tenperature at the bottomof said reactor between 260
and 290 degrees C, f) wthdrawi ng a steam containing overhead stream 35 at
t he top oWosriogBIseact or; and g) recovering a product streaﬂwﬂﬁmnnﬂhe bottom

of said reactor, said product stream conprising_nylon 6 pol ynmer _having
| ess than aboﬁPr?écﬁﬁénPéaﬁﬁéﬁl%HPSgBPHPS pPB* WEﬂé?PBQQQB@SP /HSé?P16781
unreacted nitgile end groups per mllion granms of nylon 6. 5 2. The

process of claim1 wherein the dehydration catalyst is selected fromthe
group consisting of: (a) netal oxides selected fromthe group consisting
of al um ndm o%i de, Thhopiroreeri d€, céeinuin wbrirdénp thecdehudrexids, titani um

di oxi de, ohr oBLUm 19 3€50uhxt0a. shbtechungsLan Bxhdee:baEyLEL UM oxi de.

ur anous oxi de, van I um OXI nesi a enum O f errous
oxi de; (b) oxides éﬁ>sumﬁ§aloPXb@?énse@@yt§d|fap@sthﬁhagsﬁates and t he

silicates of cdhsakuahguey hhemnidHdm 6§idé”lthbkﬁ@ﬂlaﬁldéndcégluﬁ0|dS

sel ect ed fron1th roup consi stin nesi ym osphoric acid
selected 1om L hg 0rouR conslsLingol - Jadnesl Umy phosphor e acl d o s

The proceass oéesﬁamaxidmhebéhe thegseant okids, bpeyalédmabxadpyessure of

400 to 800 psgg ﬁgu%58kgeé 5€an%5§é§a§9l$ﬁé ﬁgggggggurglﬁg the top of said

reactor is f ees cess of aim1l wherein the
second feed @Piﬁb#ﬁéé@lPﬂéﬁablﬁeﬁﬁﬁﬁﬁl§ééd§h oxygen-cont ai ni ng phosphor us

conmpound and said rgactg&lugsoggrggggcgtog bgggﬁsure of 100 to 300 psig
(0.69 to 2.07 MPa) and i gture t the t&ﬁ iald reactor is 190
to 220 30 degrees (&) SSu ﬁ@tﬁﬁocg §SBPatrsi APd KRG BLH1ERESEXxPGen:

cont ai ni ng phasphenomns caspound ceratml eastconeum; and
(d) acids selected from the group consisting of
magnesium, phosphoric acid, silicotungstic acid,
phosphomolybdic acid and borophosphoric acid.

20 3. The process of claim 1 wherein the reactor is
operated at a pressure of 400 to 800 psig (2.76 to 5.52
MPa) and the temperature at the top of said reactor is
230 to 250 degrees C.

25 4. The process of claim 1 wherein the second feed
stream additionally comprises an oxygen-containing
phosphorus compound and said reactor is operated at a
pressure of 100 to 300 psig (0.69 to 2.07 MPa) and the
temperature at the top of said reactor is 190 to 220

30 degrees C.

5. The process of claim 4 wherein the oxygen-
containing phosphorous compound is at least one
compound selected from the group consisting of

35 phosphorous acid, alkyl- and aryl-substituted
phosphonic acid, hypophosphorous acid, phosphoric acid,
and alkyl- and aryl-phosphinic acid.

6. The process of claim 5 wherein the oxygen-
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conpound sel ected fromthe group consisting of 35 phosphorous acid, alkyl-
and aryl -substituted phosphonic acid, hypophosphorous acid, phosphoric
acid, amwoakkysss3 and aryl - phosphinic acid. 6. The proces®Cafusor/ai7al 5
wherein the ox gn< - 21 WO %2/098953 PCT/ USQ2/ 16781 containin

phosphor ous cSﬁg GAGirY PPESBRPTPHSaACBREY lepé?égnFolﬁ.§nmEWgHPtpercent
relative to ablf Or.ga&niteo On8t eetighti perbensecendtieedtst adanorarkicThe

process of clﬁ% egigﬁe&%i@h%hgegéxge@-eaogEQighng phosphor ous conpound is
selected fromtThe "group consistrng of phospﬁorrc aci d, phosphorous acid,
phenyl phd%phipic acid, and 2-(2'-pyridyl) ethyl 10 phosphonic acid. 8. The
process of clgim 7ryaepeiRekie exyxg8in @O%QH:QERQJCRQ%EQ?EHUS conmpound i's
in an anount of 0.1 to 0.2 weight percent relative to afl organic materi al
15 in t he secBRBtREBANG: pEYsPhoroys compound is selected from the

group consisting of phosphoric acid, phosphorous acid,
phenyl phosphinic acid, and 2~(2'-pyridyl) ethyl
10 phosphonic acid.

8. The process of claim 7 wherein the oxygen-

containing phosphorous compound is in an amount of 0.1

to 0.2 weight percent relative to all organic material
15 1in the second feed stream.
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