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FOR MAKI NG NYLON 6,6 5 BACKGROUND OF THE | NVENTION Field of the Invention
The preseryo biwggsi on relates to a process for the 10 ps@gybhi of

pol yam de, including nylon 6,6 and nylon 6,6 containing |ow |levels of
conononer, by reaction of a@EPDRiIOF|iTHE WNVENREQNNet hyl ene diamne in the
presence of water. 15 Description of Related Art Conmerci al

is made by the reacti on ofPROGEBPI EORMAKING NYhoONafeé hyl enedi amwmm‘mmmm“
However, sit is also known that polyan des, such as nylon-6,6, cap.be
produced by reaction of di BRCrEROUNDdOHI DHEN INVENTXON N t he presence 0

wat er. Several patents address processes directed at such a reaction. U.
S. Patent No. 2,245,129 discloses a process for the production of a |inear
pol yam de polymer by a procgsg;¥hiehdLaGhven@dbponitrile (ADN), HMD, and
wat er 25 at high tenperature= : uce nylon-6,6. The
exanmpl es of this BheeRresemiy umntion ralateedie® RUCESES £ehctrdn vessel .
The reactgnt @rwﬁgtﬂbhoéﬁ@ﬁbélyar@i@lﬂ, ggébﬁgﬁﬂ% heaed Ns(s)cs hat nﬁm8 niOI a alnd
water were vente romt vesse| . S, nt : 4 i scl oses
a process f0|5'2t ﬁgnb?bﬁﬁ%giejo%w ?ev Py SFi 8%@0%%&%3@0 i egé’%a.z%rﬁz ﬁe with a
dinitrile inadipopitsbdheewbth shextametdyl ede adbaminefin &MeopirasemTPe s process
uses pressures Qhcdp.to 2000 psig (13.7 MPa). 35 A nunber of patents

di scl ose i nprovenents of the aforenentioned processes by use of a catalyst
to pronote formation of nylon. See for exanple, U S. Patent Nos.

4,490, 5215 4,542,205, 4,60pebe2ipdid@nibcnlated/a9t776, 4, 436, 898,

4,501, 881, 4,528, %g%megcggisl}l,l?nylo%(lS?Qdigi nidde 8tg})?‘-the reaction of

adipic acid with hexamethylenediamine (HMD). However,

it is also known that polyamides, such as nylon-6,6,
can be produced by reaction of diamines and dinitriles

20 in the presence of water. Several patents address
processes directed at such a reaction.

U. S. Patent No. 2,245,129 discloses a process for
the production of a linear polyamide polymer by a
pfocess which reacts adiponitrile (ADN), HMD, and water

25 at high temperature and pressure to produce nylon-§,6.
The examples of this patent show reaction in a heated
closed reaction vessel. The reactants were allowed to
cool and then heated so that ammonia and water were
vented from the vessel.

30 U.S. Patent No. 3,847,876 discloses a process for
the production of polyamides by reacting a diamine with
a dinitrile in the presence of a controlled amount of
ammonia. This process uses pressures of up to 2000
psig (13.7 MPa).

35 A number of patents disclose improvements of the
aforementioned processes by use of a catalyst to
promote formation of nylon. See for example, U.S.
Patent Nos. 4,490,521, 4,542,205, 4,603,192, 4,725,666,
4,749,776, 4,436,898, 4,501,881, 4,528,362, 6,075,117,

40 and 6,103,863.
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WO 02/ 098954 PCT/US02 /21071 U.S. Patent No. 5,627,257 discloses a process
where in a first step, ADN is hydrolyzed in the presence of water,

catal yst, vf@ﬁlz/@s%q 10 wei ght percent 5 of the total HWVD pgdggﬁ,ﬁ@,ﬁ t he
reaction. In a second step, the remainder of the HWD is ed and the

pol ymeri zati on aI l[p\éet Prageﬁbolcheds 6 Ss?gj/\%lgtcggsegrgclgfgcgsng res | ong

process-tines | oses’ _.a process for 10 the
producti on ole'ﬁ%'Iey&ﬁ de EAFBR Br PR« rﬁm‘b iEs GerRd YZRANI D aFRE di ani ne (such as

HVD) by a twpramde ofewaterfi¢atalydie, Gind tor Itloe].OSWGDgﬂhiaq_ieﬂﬂI:emtt h wat er

and a catal y gé%‘o %b\tﬁgfl anﬁgg‘#dg ‘@@_&r Qjéé%lti Ejﬂg ;ﬂgn 4le. The

reactor i amtoni a proa uce reactlon
Second, the (ﬁm,n@hel gema@de:ooi Hehe BE iish agdedpang n'é]i?-ﬁ’ zation is allowed

to occur. FopdiRinfeAReess EMO&@@C&&rpaﬂﬂ:%@ | $hAgt twerstégal . Stirred
aut ocl aves, unstl rred aut,oc rr%‘f"é% col um reactors tube reactors, and | oop

reactors arepﬁf)’cﬁs\?er?egéu@?ﬁ RfORERT di™F S eact ors.. The process has a
di sadvant age i n t hatsS.i tPategti Nes € he0sesdfdimcloaesl gspraeess House of

ei t her ti Pq_%%lcg I of idinQR 9 el e8GR tO a single
reactormfh SICE a ent é;%g% 856%?‘%%‘1‘%%%?%%&& fgr?t he 25 production

of a pol yan &Ny arehHiagingr (RchnddHMRANiNoF EHPr8EaPtREQRRS™- in a
vertical ml tpistsage tHeeaﬁthrﬁ.hetJ.sScmwité@/ vatthawat&praedanpl e, this

pat ent di scl Os%t?lcy gzvan gggncggv}ﬁ %s@ Qﬁn% Elstéfléhéo nyl on: 6. The

process has & egint at the amne reactive
group and t helimittile reé‘é‘ltel V@agﬁgnpl%eplp%%d off “’Fﬁérsaﬁﬁ tRective nol ecul e

(lt he OWE%@ ararﬁh%ﬂitd I x@duceaesglugﬁe hyskot i s @fecoha, nthei deangiraup t akes
geg(r:gdaz [ E)(rjlur cﬁﬁfi t OEB?CF%@ c%mg é]blg}ép Ijlsza%ggﬁeggf%irleon"%ﬁ 7
hydrol ysis. ito weeduk be Rmtsrthasl Procesaeney liﬁms dpgigRaks mpt
critical. Stirred autoclaves, unstirred autoclaves,
column reactors, tube reactors, and loop reactors are
20 given as examples of suitable reactors. The process
has a disadvantage in that it requires the use of a
catalyst and the use of either multiple reactors or
interrupted addition of reactants to a single reactor.
U.S. Patent 6,021,096 discloses a process for the
25 production of a polyamide by reaction of an omega-
aminonitrile with water in a vertical multistage
reactor that is swept by steam. For example, this
patent discloses a process to convert 6-
aminocapronitrile to nylon-6. The process has a
30 disadvantage in that it requires that the amine
reactive group and the nitrile reactive group be part
of the same reactive molecule (the omega-aminonitrile).
Because hydrolysis of the nitrile group takes place
throughout the reactor, the amine group is susceptible
35 to degradation reactions caused by the conditions
required for nitrile hydrolysis.
It would be desirable to have a process for making
polyamide (including both nylon 6,6 and nylon 6,6 that
contains some comonomer) that can be carried out (1)



pol yam de (including both nylon 6,6 and nylon 6,6 that contains sone
conononer) that can be carried out (1) 2 WO 02/098954 PCT/ US02/ 21071 with

or withoutwgadgsysst. (2) in a single reactor, wthout iR @rsshiMi6
i ntroduction of reactants to the react or and (3) using one reactant that

contains a 5 m_{:ﬁl‘gg ‘5%&5&/ tanngl ?hfgeggﬁ 14 Qﬁ%ﬁﬁtf that contains

an amne reactive group nitri gr ydrol yzed
wi t hout adveryéF9°%§f¥Rﬁ¢¥EPEWﬁ9 %ﬂﬁﬁ%@u&Féeﬁ ° Or§#$T§nQ§JﬂﬁAR#eCF THE
| NVENTI ON Theraaeseﬁtancmvem)t 9t ricp oaqeceatabaaﬁﬂStna@C@@:&atms at he

manufactur 6fr oni t.ri_| r|5|n the steps of:
a) provi d| lg%i’f‘l"c’% e?xdcﬂ‘&) é-'ﬁfi TSEP'HLJ?DI\%FS aacrfto hﬁgvi ng a top
and a bottom canualm\nmgamqap@rr@tcage's gndupownee sluatge@le guiitditeact or

bei ng equi ppegré%éhcéﬁ‘tl% Wdf@hfﬁ@%%@hgﬁ&r b&VePBELY af Ut ?aEhéSh' ng a
plurality of Stages and f efflecting contact of an ADN- confaining stream

and a 20 counf®t ﬁrQEﬂH?y flomﬁng steam stream b) introducing into said
react or an ADN- contalnlng reactant stream at an ADN i ntroduction point

near the {gp of said reactB(irIEchUm@déplm IbAnEdofy reactor a steam 25

containing stream at at of said reactor;
d) introducing |nt%h%aPHeF%%EtbPV%PtH§kaﬁ%t%y¢%ﬂﬁ&ﬂ¥ﬂﬂﬁu94ﬂﬁﬁﬁa|ﬁPﬁg stream
at at | east onBe mamnfabehww tafe A1 Né | ©dfebinoadigiontitrdle e)(ADR) Nt ai ni ng

a pressure w Eh'gﬁ? 4 @1{;}& %qu)etg\een 100 and 800 psig (0.69 and 5.52
e

MPa) and a op of said reactor between 190 and 250
degrees C and a tenberamtmvadnngrﬂaWa@mn@nioﬁogatqrcuxmﬁnun- bet ween 260 and

290 degregs Cuu3bibtayé tRsowbH havitieamapdaad R bae€ant aldd ng  stream
overhead of Sﬁéglﬁgaﬁpégr stages and lower stages, said reactor

being equipped with internal perforated barrier means

for establishing a plurality of stages and for .

effecting contact of an ADN-containing stream and a

20 countercurrently-£flowing steam stream;

b) introducing into said reactor an ADN-
containing reactant stream at an ADN introduction peint
near the top of said reactor;

c) introducing into said reactor a steam-

25 containing stream at at least one point near the bottom
of =aid reactor;

d) introducing into said reactor a
hexamethylenediamine-containing stream at at least one
point below the ADN introduction point;

30 e) maintaining a pressure within said reactor
between 100 and 800 psig (0.69 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;

35 £) withdrawing a steam and ammonia-containing
stream overhead of said reactor;

g) recovering a nylon 6,6-containing product
stream from the bottom of said reactor;



g) recovering a nylon 6,6-containing product streamfromthe bottom of
said reactor; - 3 WD 02/098954 PCT/ US02/21071 wherein in said process t he

i ntroduci r\ﬂo@iloisﬂ@ ADN- containi ng reactant stream and ”i'? Eﬁ% AgHci ng of
the HMcontaining streamare adapted to provide a nylon cont ai ni ng

roduct strea [ anced am ne
gnd aci d ends%le%IeyE\g %S%P[HIJ}%& S\I‘l'ﬁlg bﬁ&%\?f\}]&é&ﬁ{a é?gtl?é{ ;Qﬁql schemati c
cross- sect i on&PRERIRING HF2AP FHeaEis5di FBAL lBFr%dwlﬂﬁlﬁ tﬁh&l tistage
reactor usef GMDFoonpeidimgrigigrddne axenttidapeed pol previdats aiyldw ocess

accordi ng %o tsh% Egﬁ{gﬁnﬁmd@& B-U}%fﬂ‘ S%cﬁ,g Ei"s IVI d._pd |6nt6o .di screte

stages 1-11 usi‘ng er arriers Ure I'S” a

cross- sect i on&havpehenizeh oy Salianged @mmresaageacedc@@dsm Figure 1 as
seen through line 11 Figure 3 is a schematic cross-sectional side-view of
a vertical nmultistage rﬁt ' r,ﬁti th 2 resence of an

~ independent. heating ele E Figure 4 is a
schemati ¢ cross-seBigurall sisles \dahematfi cacreessi-satt tathal sé dye viieact or :
I I'1ustratigg BEMBhO b A AEM I NG RLIUEE FATLEDLLOL 0e0q) VITer pr oduct

by 25 supplyln% nltro react or gure schematical ly
i |l ustrates ONESHHLTE? &Frm (’J’Flet F@&FPH&OPHeP%HH%P&%Z%Oﬂ ng the
mul ti stage reaoctesscatcrrdiitrtasHe inepanat enweheiowaporhet4 from the

Gl a0 Dy oiCteeabEBR T % Ahdd QS e3R8 CHEBLL 4 SLOSRRERT | O

si de-vi ew of a reactor alning a circ ownconer
havi ng a bi - c@?FéﬁFa‘é@@é&Wﬂﬂrsatl&‘ﬁé bottom to defl ect gas bubbl es.

Fi g?re 7 18 aI fChleFfE%\hﬁeCZ%-é%@ls%bﬂﬁoﬁb@}[ﬂvﬂéw 3P thd a;t%fat%a% age.
contai ni ng nu e_downconers_a natria ter erein
each domcorlref“u:lgl?ﬁﬁl%ﬁeeadc a?r #gﬁg“‘é‘e\/\n&t /e ﬂeﬁ’ﬁt‘g’r‘ﬁﬁ%'ﬁslglalﬁinﬁsgf[dal

Figure 3 is a schematic cross-sectional side-view
of a vertical multistage reactor illustrating the

20 presence of an independent heating element 29-37 at
each reactor stage.

Figure 4 is a schematic cross-sectional side-view
of a vertical multistage reactor illuétrating a method
of reducing moisture content of the polymer product by

25 supplying nitrogen 40 to the reactor column.

Figure 5 schematically illustrates one preferred
method of treating the product exiting the multistage
reactor column such as to separate water vapor 44 from
the liquid product stream 45.

30 Figure 6 is a schematic cross-section side-view of
a reactor stage containing a circular central downcomer
having a bi-conical attachment at the bottom to deflect
gas bubbles.

Figure 7 is a schematic cross-section side-view of

35 a reactor stage containing multiple downcomers arranged

in a triangular pattern wherein each downcomer is

truncated at an angle with an extended ellipsoidal
plate to deflect gas bubbles.



plate to deflect gas bubbles. 4 WO 02/098954 PCT/US02/ 21071 Figure 8 is a
cross-sectional view of the vertical reactor stage of Figure 7 stacked on

top of theywnv el reactor stage of Figure 6 as seen t ' 5 VIl
- VI, DE‘?{ IO?%QESCRI PTI ON OF I NVENTI ON The process Olt.i{t e é/l%iroggnt

I nvention is a contin S, pr.ocess. faor prepari ol yam des (hot.h nylon 10
6,6 and nylon 6,6 %Eaﬁggo%téﬁr%;€§8E%ﬁ§%€§?°B§f?%§% i%gPt(ﬁ éﬁﬁﬁiﬁﬁ trile and
hexamet hyl enedeastrs arroavfeFiawre 7cegackeduenerer mf tiha age col um
reactor. The @dirRebhirtéfcticy iR wWiediByrecacis Ngeoh tthetierived water
which is sgppkgﬁgfan&Féfplenlshe by steam 15 flowi ng countercurrently to
the directTon o " the adiponitrile and subsequent reaction
products, and the adiponit-rile hydrolysis product is polymnerized with

hexanet hyl enedi am ne undggriiter isHRTPPTORNEF! RSN PFont he colum to form
a nylon 6,6 polyam 20 A sorution or_adl ponitri fed continuously

e. e 1;
near the top of th&RRUPFPLESR T SETUFEEREORTVERelOR kR @ s preferably pure
adi poni tril e @wontinaquesopsocexd Woroprepantagnpolypnides alborbeiylean about
80 and 95%?9’5" g Eﬁﬁcﬂ{)i A% RO 'c%nt‘a'?ﬁsagb%ﬂ&&%f)' 3? &afl deS on?®
supplied to the col um At a'te at nost acilitates the

erature
est abl i shment Q.fned#apm'-éﬁﬁa#ﬁ;@rgf hepramegbyil pRECL RS ARM ¢ baF tifeacol um.
The feed temMmeiatereugesst ahlltisteded Reubat wegetéhe tepperature required

to keep the fe substantial l.y jn.the lten_30.state (iq£. ere it is
capabl e of bei%pﬁ&r’fsgﬁ?éah%l }x’tq{é’ltygr?‘ﬁlgggt ﬁ?gcg}ng hvélt'-riﬁq‘%ﬁsc?%el% n the
col um at t he wakemwhdtheis rsuprddtedr andd repdani shed shyagtieamnt ai ni ng a
That of L he | o oL R Sk & e
iquid Wthi i S
enteran i o f ek b GRPRIbHEILE (ith WEBR HBRE BPECREOR GREFO SR e T6r ¢ ho
col um react orthat adipenphti¥d dydmilysilsbplrofuchatsimohymerized with
hexamethyienediamine under the operating conditions of

the column to form a nylon 6,6 polyamide.

20 A solution of adiponitrile is fed continuously
near the top of the multistage column reactor. The
feed is preferably pure adiponitrile or an aqueous
solution, containing preferably between about 80 and 95
weight percent adiponitrile. The adiponitrile feed is

25 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 should be between the temperature
required to keep the feed substantially in the molten

30 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
emall amount of water, or superheated steam at a
temperature up to about that of the ligquid within the

35 reactor at the point where the steam enters, is fed
continuously to one or more of the lower stages of the
column reactor at a weight flow rate (lb/hr) that is at
least 30 percent of and preferably approximately equal
to the weight flow rate of the feed. A solution of

1



| east 30 percent of and preferably approximately equal to the weight flow
rate of the feed. A solution of - 5 WD 02/098954 PCT/ US02/ 21071

hexanet hyl\eggsiapdsne. i s fed continuously to one or nore ﬁ:za t he
col um react or t?at are lower than the stage or st ages aé&@g 1#h

adi ponitrile lt‘%e co'ﬁ}ﬁl hqleé%l%mlﬂgolé a‘ﬁ & L}gmge;ﬁ Erre Eyloﬁge%%a% feed is

supplied to pure Or-as eous
solution is uB&REey Cifréﬂ'@r mlymaomwtr@r ttlr@tw\@eqe 8owandtBanvihght percent

hexanet hyl enedtagarte: stEiResARRURhiOh BdpurBidpihened aptpsahessd is 10

appr oxi mat % | ar to theHarmurK_ewcfeaaﬁoﬁli pomtrlfl e éeed T{;J(ﬁé)eed

opti onal | i’el TR S coailt%st Y GRdspfioF WP ounds,
such as thosetodile|aslbum pu@er arod® =t aaiuedusSsoEEatdmh NoIf 4a®68, 736, 15
are preferred, &uﬁmﬁomasi@@a% sral0s gﬂ@é?.ngc' d, alkyl- and

aryl - substltu honi ¢ acid, hypo oro acl phosphorlc aci d,

m xt ures ther}é%\‘w%ﬁfﬂ elon(-,aqq 8 weiHohe R%@fn%ﬁﬁﬁxaﬁﬁﬁéﬁ sradiasipound t hat
hydrol yzes t oTha amoigenaifethez@mpbiogdsdisanttied feedaigal t during the

reaction Iosdféga?ﬂﬁgégld’h} :L%YQ:?W; q%}[alarrl‘{on tph%sgg us, catfl ysts are

typically a ercen Ve Sle, of 0.05
to 0.3, prefefe®ly 0.1 to 0.2. Preferred catalysts |nclude phosphori c

aci d, 25 phosphor orite sfded cplReBHAL PR OSRITIVESE %.Clcdtaaﬁ}gtz (Bxygerys i dyl)
et hyI phosphonlc dgl n Hayes et

Cl X I|c aci ds suc scl ose
al. US. PateRt" ‘I'\?almél%fglo%f?l %?@%O‘H’edSUSes&m A&F ghoﬁ‘él dis preferred.
The adi ponit rdi%cbqﬁﬁmebm@maybéﬂe@ ad ndJ foedatesdd Nan 4ngé8de36 m xture
of dinitrid esaydigicd flsnrdd . aMrBeSexth IHTE%&EEH&%hU Lkeg, as vell as other
pol yam de- form Ig_é?m)nomsrs thil%}#\n ? [eact.. g such _nmonomers are those
whi ch, each b9 PRRMpRLC YRIDARNYG Sgg’ﬁ BEREE9, such as Iactans,
am noal kyl am gesspinchi35 aaiﬂdqoaypdpho@mrdmsy aled.di, nphudpHoric aayid,ati o to
the mixtures thereof and the like can be used. Any

phosphorus compound that hydrolyzes to an oxygenated

20 phosphorus acid or a salt during the reaction is also
useful. The oxygen-containing phosphorus catalysts are
typically added at a weight percent, relative to the .
adiponitrile, of 0.05 to 0.3, preferably 0.1 to 0.2.
Preferred catalysts include phosphoric acid,

25 phosphorous acid, phenyl phosphinic acid, and 2-(2'-
pyridyl) ethyl phosphonic acid. Dicarboxylic acids,
such as disclosed in Hayes et al. U.S. Patent N.
6,075,117 may also be used. Adipic acid is preferred.

The adiponitrile and hexamethylenediamine feeds

30 can include a mixture of dinitriles, diacids, diamines
or omega-aminonitriles as well as other polyamide-
forming monomers that will react. Among'such monomers
are those which, each by itself, possess amide-formiﬁg
capability, such as lactams, amincalkylamides and

35 amincacids. They may be included in any ratio to the
adiponitrile; Examples are caprolactam, 6-
aminocaproamide, and 6-aminocaproic acid. Another
class of monomers are those which must be added in
combination with other monomers in order to form amide



adi ponitrile. Exanples are caprolactam 6- am nocaproam de, and

6- am nocaproi c acid. Another class of nononers are those which nust be
added in w@ghhogadyi on Wi th other nonomers in order to fop@pégdgn 6 WO
02/ 098954 PCTI US02/ 21071 |inks. Such nononers are diacids, diamnes,

di am des and gi,g! tri X y pncl.uded singly. in | anount s,
generally no :rlmre :thaén lab@&?‘%&%r%ﬁ%%’l é:Jle&%ér délaﬁ%‘gfp F’bnéggﬁlfésesof final
pol yner, in op@erdinltaddiesse Fheweway e difdladedc sibelyedn smaboxyl and

anmine ends. JhQyntBY deeradllydad asrs!tahiapatr 5eabkimbaboe by pairs of
conpl enentary ffﬁ:t | onraal LY r%.%n% rafio 1o, thedadl pgni }:1;1 | e. Exanples are
adipi ¢ acid, TO Thyd5ER Sfethirdi B ST adih 8588, F8naiiethithalic  acid.
These ot her céepbrecthidlifaranceabidbdeer cadbiogpyildandr aména soddd slurried in

Wi th the adi peRéy 'idye befinc1dtelngs COMPRIBYRtshedh dybBal dhédq or | argely
soluble in the,colu regctor under the conditiqns of tenperature, 15

pressure, andPRHEfic MePSATYI FERGE YR ldbuAR ard *REEP yEol ubl e under
condi tions i nthéeadiddromrdie-t hExkdmpbés tdre medptier aciq, produce a nylon 6,6

product wth - hfQrity. suita far ' use, it is
20 nec es\é\%tér y %‘%’F@f#@&aﬁ&g@g EH%?Q,[ hée&g:!aﬁléi% én%glgggfg' %&h%&

concent r at i on2@#d { heThageh ShperasPareneris G benaddgoapsaahbmiisk
concentrationopfad he suliite Sumetcanah witdid tieoupas pbRitRe1&esWll ng nyl on

6, 6 pol yam de_by §§Qr ria ty ol m - This.r.equir nt. is 25
especially st??n%%tc? r n%r%g' u%ﬁoﬁggtg% 1‘}S'L)i}\t/.(;%rwjﬁt &grr?%lyb%g#?%d'q nto
fi bers that wkhe ¢mlumregieastbart Hndgesthe eenditiony clehswpsrature.one or the

ot herdof %%e if@ssﬁfw,ﬁtaiﬂaﬂgliqmtaueémpJéI)ihtﬁeﬂ fweh%hiesﬁhéﬁaéw&ull aaﬂ&asurtegent
IS nmade (0] nme r.acterl stiC n e n ol yner eav] n e
oPRESQliIS WrsE POPRTIITE Mt FPos BREFOPVERe G R

final stage o _

concentr at i onofli termresdiet ween the acid ends and the amine ends. The

met hod nust be To produce a nylon 6,6 product with time-wise
uniformity suitable for commercial end use, it is

20 necegsary to monitor and control the difference between
the concentration of the carboxyl acid functional end
groups and the concentration of the amine functional
end groups in the resulting nylon 6,6 polyamide by an
appropriate control system. This requirement is

25 especially stringent for product that will eventually
be formed into fibers that will be treated with dyes
that attach themselves to one or the other of the two
functional groups.

To achieve this control a measurement is made

30 of some characteristic in the nylon 6,6 polymer leaving
the final stage of the reactor that is sufficiently
sensitive to the concentration difference between the
acid ends and the amine ends. The method must be
accurate to within about plus or minus 0.5 units in the

35 difference in acid and amine ends concentration (gram
equivalent ends per million grams of polymex).
Preferably the polyamide has balanced amine and acid
ends, or a slight excess of acid ends, so that a high
molecular weight polyamide is obtained. Any analytical



accurate to within about plus or mnus 0.5 units in the 35 difference in
acid and am ne ends concentration (gram equivalent ends per mll i on grans

of pol ymeryg g2/4seéser abl y the pol yani de has bal anced am ngcady ﬁﬁ ends,
or a slight excess of acid ends, so that a high nolecular welght polyam de

| s obtai ned. ﬁl@iﬁh@&a&ft% Iapﬂroﬁé’:?na‘%%/ Q@éﬁ?afc’ﬁlﬂé%o%/sz é:}t rret hod of this

appr oxi mat e accur ag ive answers tn a timely
enough fashi of?PY9 e??e@’cv%r%'b%‘éesrscd-ﬂﬁ PoFlmﬁb‘OI@%’@hs@at%Ioé tPn general, 5
manual titri meffeetnptobosss ddmugll ,swbhilai Batdyitaaeur atre, generad rapid

enough to gi Vﬁaﬂﬁéﬂ'@ﬂéf‘ix{xe@fﬂ,ﬁ%ﬁzh‘é‘&ﬂ” houdh PhETAId1& e%;n thod of

moni toring” reactor ouf near-ln rared SPectro ometry. The
near - i nf r ar ed 28R¥F$EE 6 ﬁ‘]’é%lsllﬁtesrafmél @Ppﬂeheméll\@ eandagfadi d and anmi ne

ends to an acpeababbecmw ofa ﬁ@f‘é&@@& MétHb@ &ﬂfﬁdrﬁlt%&ﬁhg timely
response. Based o

hexanet hyl ened’a 35 ?%%QP Q/%c}'r nﬁ@é'r ﬁﬁﬁa’ﬁ%‘fﬁﬁﬁc&rz?&émt(?f“efzﬁg react or
system By "i fhe oeanemfralsedmlymgt mé8suies frecdliiffemenoet he bottom

react or Siagebew&ent@@ldsax?cgeamrﬂae%ataew Awsdhehy td%g‘rééagf or into

the transfer |ine r\_? out of the bottomyreactor stage
preferably, tﬁFguFEEH ‘f”s ft Ui iersdvekine ke resoomss-d E'F‘§t3iil ‘P%lt i on
col umms are sthtiabhralP8id prechmeydsn areempdechasscid the current invention if

o el ens elpiBnt lendf AAOTeR LHELBD b0 o/ Borlly LELSDL 1) T

for hydrolysis o e nit roups e require resrdence tine
in the reactoPfj §hepEedriedr e“bneBh’ouim‘a?noO# d’tﬁaIH'Ol}rss megnhchhabve a 25

suf Lu ci enis ex}thﬂb eéeauimixec&ytdfanlbwtam Fogcest us::e"agreeagh%l tREeequi gped
W t i nterna u rforate es ahn
%a Egmgéiaip 24 C%Ooove t a{:t aﬁe Cc)afr ; I;\%gcg%

agitators, so ag9t o Chuse e IVE S age Rtercurrently
flowi ng steamtwpprRfenel Bue | epding eugt Pénthe betrt@nt Geavsarestapet antial |y

conpl ete hydr @bysi prefetdis1y tiHile raauURs 2L A VAlansfer line.
Standard distillation columns are suitable
20 for use in the process of the current invention if the
residence times in the stages is increased to give
sufficient time for hydrolysis of the nitrile groups.
The required liquid residence time in the reactor is
between about one hour and four hours to achieve a
25 sufficient extent of nitrile hydrolysis.

The column reactor is equipped with
internals, such as, but not limited to, perforated
plates and agitators, so as to cause effective staged
contact of the countercurrently flowing steam with the

30 liquid reaction mixture to ensure substantially
complete hydrolysis of the nitrile groups and removal
of ammonia generated by chemical reaction. As
illustrated in Figure 1, the internal configuration of
a multistage reactor, generally designated by the

35 number 100, suitable for use in the current invention
is divided into discrete stages 1-11 using perforated
barriers 12-21 between the stages. The barriers, see
Figure 2, can be plates having small perforations 22
which allow the vapor to flow upward from stage to



of amoni a generated by chem cal reaction. As illustrated in Figure 1, the
i nternal configuration of a nmultistage reactor, generally designated by
the 35 nuniglzddiess suitable for use in the current inveng ' i vided
into discrete stages 1-11 using perforated barriers 12- k["f)%g?i\c\zg%ﬂ t he

stages. The b LErs | b i
perforations %%éb\%hi %%éa_ Ilo%%%\?g’ﬁg%ﬁ"? 5 ?‘Ing%/va%f)v%ﬂrl?é’f rﬂ%r%ag? gg%mt o WO
02/ 098954 PCTEBSB2f%aeY Liiufid hedoy thegewr Ersm ndhe mgsetEgnwhi ch | eads

from each stagetupéoimnthdatand elsw,f altowing hthd QdctiiantonExéwre in the
st age bel ow, al ] ljquid.to flow 5 downward fr tage to stage.
g ﬁo@%%f@&n atided £ stﬁgg\./ 'glg%lrblhmbreé:t é’?ﬂﬁztf‘gg

The nunber of "stages i s " chos to ac e a Ri t©of liquid
vol ume, of naSboseant? achirve ifediighl rrbact Pon urHivef fldquiflt een stages are

typical. The qdippajtéf Imadead-adbrer bad 60k UOULNtNRA, #Oyihe top of
the mul tistage cal rea}:ctor 100 and steam 25 is fed continuously to one
Eostibiesn paf

or nore stage A1-3995% A6t t 5PIFRthe reactor. The
hexanet hyl enedi am The ddigbridnidef deedonti naofsd et inmeuelynnesr st ages of

the col unpgr CRAROLob SR AP APRARANACLBNLIN A ol AntNbEl

adiponitrile is intt . Steam a ammoni a vapor are fenoved at the top
of the col um?28sifapst CHGTERAWRY RP 6RC6OD RIS HHAGESpAEIREL NSFT | S
conti nuously chepbettdm ot ttie helacrmrst agke IHexahehylehediapigéer abl y

i ncl udes nean p Iy 0,.to i he n _an diponitrile
and/ or hexarrgfahgl %%e%g gfrﬁedrlgCQD Hl%%ﬁgééeg&t%%gtoopﬂﬁgﬁ sgf-’l%?%eogcol um as a
vapor or as afhenEpiifedreadhar thate agzgchocakath Polowa tgr stagecabdenser

(not showny awhibr d@ppdiitdine G@ UMRrodhGed ONHANRSGEANIS afRbALAI ned at a 25
tenperature sufficient to corg%eqﬁs}z_’han retyr%ﬁmst of _the adiponitrile
! ;

and/ or hexametRYPENBHT anf e’ S Sc5PBNR 1L PR §2BPEam and
ammoni a to bestesame?6. i Nydapor6 &t pedyr@bde Apthduanal7l g one or-:nore stages

_can be added {@ntDEuERsMM-diRARIO ErRRO¥ B BE: 3 adiRenitri | gpfeed stage,
and a partlalcggg%gng;gféggkfyaincludes means to separate and return

20 to the column any adiponitrile and/or
hexamethylenediamine which leaves the top part of.the
column as a vapor or as an entrained ligquid. One such
means is a partial condenser (not shown) at the top of
the column. The condenser is maintained at a

25 temperature sufficient to condense and return most of
the adiponitrile and/or hexamethylenediamine to the
column, while allowing steam and ammonia to be removed
in vapor stream 26. Additionally, one or more stages
can be added to the column reactor above the

30 adiponitrile feed stage, and a partial condenser can be
provided above the uppermost of these stages to provide
reflux liquid.

The temperature in the column is maintained

sufficiently high that the reaction mixture does not

35 freeze. The temperature at the top stage 1 of the
column is maintained at a lower temperature than the
temperature at the bottom stage 11. The top
temperature is maintained at a temperature that is high
enough to achieve a good rate of hydrolysis of the



provi ded above the uppernost of these stages to provide ref lux |iquid.
The tenperature in the colum is maintained sufficiently high that the

reacti on myg ¢alsgedpes not 35 freeze. The tenperature at ﬂ&ﬁlsﬁﬂﬂofﬂ age 1 of
the colum is maintained at a | ower tenperature than the tenperature at

t he bottom st : t 4t G ure | | ' ts . erature
Lhat 1s bigh pbhactifel WhilETRAIMNGCCkBSHBLI UL Al At BIPLS
02/ 098954 PCT/AISGIEPPBYArhif Ri/ 1o Ih@FaWﬁFhﬁlav%%eﬁWeexcéfrsilﬁe

vol ati | i zati oposefibadi ponide id eorbdmartibaxafetpydensdiqganine. It is

i ble t ' ' f t t tial
Pondenser  Po. MenbsFSEREENAS Bt BRT. SBhALRper COMAAWIES BUsTolr s o o
bottom st age °f1 tir8al EWperangiirndfougfheot emparatute fatettosl yneri zati on

rate, but not stadai gh SBolrd WY digh eﬁ%ﬂgﬁd@éigﬂtaiﬁprao@é%ﬂﬂe& secondary
am nes can form,10 when_ am ne endz}y&ondgnse W t.h each other,. Secondary

anines are undSSYFERHE A2 LR A S h &P Pt BOpPER IS f& %% t he pol ymer
~and | oss of ‘delsgraBhbipmopdiar exampleyseecthdapptamiriesd ceor £bemni ng ’

secondar y19im Ren kAL Seddy QuaiRse! Y2LROLHIR: ol of Yelorlbyrls 19
| nportant that the avera eqﬁtseiggrature of the stages not exceed a val ue

above whi ch t RPPGENETE BECFUSRI FRRY HEcRies tFéhchnental to the
product. Averpagintg odmethd holyaierormmdobbi 68sd@ditdl e paebeitiekhis
Lemperature | §,ARBLOXI R Glot il oG BeCRUR b 20 dL Oy Lar eaction i's
exothermc, the colunn 1s  optionall eqwgge Wt h means T0r wat er

i nj ecti on 38 eXisiE| thyoudhiy M%F@éé@nfo exeFRet dite i8ontrol . The top

stage is peef dmploryanti that ik bekwaes sbagerdOQdrL omrthe?22@aGesand the A
bottom >t s \cPLLELAN AP i 4R R MRETEARALLR0RC ane 290 C WL
of tenper at ur #ecPndsry oxeinss bedeomes detcdmphizhd Dheupeodfich. hot fl ow ng -
liquid heat  t#aRabehg BHEMBHATHRG BRBUERL 1AE KM TheC YebStof! ’
this temperature is approximately 280 °C. Because the
20 hydrolysis reaction is exothermic, the column is
optionally equipped with means for water injection 38
at all or selected stages for temperature control. The
top stage is preferably maintained between about 190 °C
and 250 °C, and the bottom stage is preferably operated
25 between about 260 °C and 290 °C. All or most stages
are preferably equipped with means for independent
control of temperature. This control is best
accomplished by use of a hot flowing liquid heat
transfer medium passing through jackets, coils, or
30 other heat-transfer devices 25-37 (see Figure 3), which
can be used for both heating and cooling.
The column is operated at elevated pressure,
preferably above 50 psig (0.34 MPa), more preferably
100 to 300 psig (0.69 to 2.07 MPa) with catalyst and
35 400 to 800 psig (2.76 to 5.52 MPa) without catalyst to
obtain substantially complete hydrolysis of the nitrile
ends in the adiponitrile, which is required to obtain
good guality polymer. The product should preferably
contain no more than about 10 to 20 gram-equivalents
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30 other heat-transfer devices 29-37 (see Figure 3), which can be used for
both heating and cooling. The colum is operated at el evated pressure,

pref er abl Wweloymeh0 psig (0.34 MPa), nore preferably 109&,@5632@90799 g (0.69
to 2.07 MPa) with catalyst and 35 400 to 800 pS|g (2 76 to MPa)

t hout t al t t bt bst dr, ol f th
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qual ity pol ynends This syrdguctoshe udabairlsf @hbbyngcsnbaewthre t han about
10 to 20" or anegsi upl.anetaEro e MRAAIDWRSAGRCILSOR 210 gy m || Tor

grans of polyner Cfg;’ dr ol zed njtril ends, _in order to be capabl e of
bei ng subssequ:é‘ﬁ?‘l"yre di ByP ﬁF%‘é‘dl?’b ‘?’Hie ”Iﬁegheg"{‘eaﬁﬁ?%ﬁ‘ér‘?nﬂaéhhedr wei ght
5 required focomtm.‘r]tacbﬂnlyameand ofea phtesguresgoneroanvikve codt ndid ed by
means of a pr :Ege Out?l:hvi‘}svéoé&n&cﬂi%l a&ﬁggggeaftM%'&&O”t' nuously

adjusted to va ej | ow of vapor In response to the
measured preSSEFEOY Pk P(éPS’Es%EFearl‘Jn%%rlrt FESPeRERt EBnkhef MaTFYSfber at ur e
and of the copeeséurd iionthe wBkeEl. angmder ft&hl&CbbﬁaatlﬁﬁQU@s and catalyst in
t he react h I n | ar aver LN COITbI Jat ifon with
am ne fungjgl o%a pel?%‘%}‘{lje %nﬁ g§ €1£ee ?n&%t)éa%,g % WaBREUNPITh of wat er
and rel ease ofumtrmnael grﬁéPQSa%@‘rméelMSé: rl@nﬁhedreﬁgwlzheth%actor i n-vapor

stream 26. (herpfi1d mqadyast @Q??epi é&ﬁ@&@esgnOEoﬁbﬁnatmmlaﬂ is that
col um res i n continual flushing,

t he counter current atio
by steam of nf"g’ Ergﬁ?‘t‘%' | RS aﬁ‘a’rldFsEE)f‘]S‘?ﬂ%Sre‘é’c'i}br up 20
through the uppnsummtcsn afidwaber t dmed txgl et ofapomonsareafhelt is inportant

to mnimze the.concent nakbold BfoRMINRddiothen! QUBLy PaELet dde col um
for two reasons: qu%foa%p nia_reacts wth and breaks am de Ilnkages hence

linmting the grow nBfvaBtagRe Qfl FPeWBKFERESSaft ¥B8§ ammonia in the
vapor r-educesinvéneiqaris ahapr ess iteumferxaarntnopbeavaporofnteence

column results in continual flushing, by steam, of

ammonia away from the lower parts of the reactor up

20 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: (1) ammonia reacts with and breaks amide
linkages, hence limiting the growth of polymer

25 molecular weight, and (2) ammonia in the wvapor reduces.
the partial pressure of steam in the vapor and hence
the concentration of water dissolved in the liquid,
which reduces the rate of nitrile hydrolysis. These
two effects can be especially damaging in the lower

30 part of the reactor, where amide linkages are highest
and where the rate of nitrile hydrolysis is already
slow because few nitrile ends are left.

In the upper stages of the column, the viscosity

of the reaction mixture is low enough that with

35 appropriate design of the perforated barriers 12-21,
gag bubbles from the steam and ammonia vapor result in
effective mixing in the reaction mixture. At the
bottom of the column, where the viscosity is highest, a
mixer 28 is preferably used in one or more of the

- 11 -



the concentration of water dissolved in the liquid, which reduces the rate
of nitrile hydrolysis. These two effects can be especially damaging in the
| ower 30 p@fd oRbsdshe reactor, where am de |inkages are highash,,@nd where
the rate of nltrlle hydrolysis is already slow because few nitrile ends

are left. In Uhs tpaoct! 3985e8" if Nohe ddibor Neryl 0SHaCel the Teact ion

mxture is Iowenou that with 1_h%lro priate design eperforated
barriers 12-218 °"§hs”blf'ﬂ'§?‘§§ ?'rorﬁ‘?cf l&aéamléfﬁagam%v%rlrk in
ef fective m xilnotdom tdwe lseage:son m xture. At the bottomof the col urm

hore of 'the - 21 VBTG t%%@ﬁé%’%i@?ﬁ%ﬁﬁfer%ﬁ e the
reactor. In th%t%&‘t%l‘;t aixizggohn erclrignpce is Apdnaed chy %b&im i s provided

in the bottomptipestagengehelt eberadins, tt@ maawt aélma&éaf pass between
t he st ages, mmg_galn eac 1S I er arrangenent

% h_stage. I% i nduc %
of coils, to assrdt3qdd PRAUEEE™ 1% AF* 6 189 MRc %‘ﬁ?’é fation in.
| over stages, whdns @agasisirgnisisothcuifiiicieotedue due ku:oglhl gh 10

viscositi a9  Listdh preiassLigausasy hinalesuteds Eracidon.alficiency

resulting in either, a requirenment r a larger size reactor to achieve the
same conver si oSO & éﬁl?PBV\/ ?%ﬁ g &P PHERSE SR FFRITEMT si de
reactions to pief ex rledgerast zenreaasan ttlongclhmes‘ré thual ddme pr obI ens.

rei ght - oo Aot Al abon £200y SIANGA:S BHATSE MO (0 1.2

to achieve the _desire I cl ency m X n st ages
in the col um °f% etidoreastaoreste tp%ﬁfqrr@@ é'eBQEk@PovF?EP#JdUQ‘#ﬂ e 20

downconer g5( i r@wmyb)pﬂo@u.gas bubié Rfhtsiddrdi apBt 8 | Pgcidecslowaeeners or
forcing liquid teo M]grrg?\/\@ggfgrge&veen ;&1‘6?50 §p1éE ch t Cgﬂggfv\éwqrﬁ%rrer s) will

reduce the overa? g conversion e % eact or.
This will resudesirekeimikdngacfbiedengwnt for a Iarger

Axial mixing between the stages in the column
reactor as a result of liquid backflow through the

20 downcomers (induced by large bubbles either entering
the 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 either a requirement for a larger

25 s8ize reactor to achieve the same conversion at a given.
flow rate and/or increased ratio of side reactions to
preferred reaction resulting in quality problems. The
following preferred arrangements of downcomers can be
employed in this column reactor.

30 As illustrated in Figure 6, the circular central
downcomer 50 preferably has a bi-conical attachment 51
at the bottom to deflect the gas bubbles 52 away from
the downcomer and to prevent gas bubbles entering the
downcomer, as well as to deflect the liquid exiting the

35 downcomer. The gap between the attachment 51 and the
bottom of the downcomer 50 is important to minimize
liquid backflow in the downcomer induced by the
pressure field created by the gas bubbles travelling
near the downcomer exit. The gap is adjusted such that

- 12 -



25 size reactor to achieve the same conversion at a given_ flowrate
and/or increased ratio of side reactions to preferred reaction resulting

in qualityweyphbees. The following preferred arrangenentl,gTﬂfsogﬁmconers
can be enployed in this colum reactor. 30 As illustrated in Figure 6, the

circular cential pdaupGEERI-q) JVelcR@BlY 108814 Pl Ay %ltwgghaebgﬁnt o1
as hupbl t he

at the bottomto_deflect the eS 52 away from ownconer and to
prevent gas b&ifbfef ARERE? RF ¢ ownconer, as well as to deflect the
liquid exiting theAfbtHernmmisrrethargapgbatneeis thid tdiplechnent 51 and the

bottom of the .S .an . 03 Qi 47 lLiqui d_backflow.in the
downcorner %nd&%%%&g?%eégpar%%dg{?%g 1EL| e%dEg%g}é%%g%fpattﬁg%éés agubbl es
travel ling nédalushEagedntoiEiouwse (7.- TRBeghptremadifushedesuch that - 12 WD
02/ 098954 PCTUUGR264A404 153 heregpraatidatedr ap heaigik hethicaui dof Lew is

a

between 0.5 .0_inches_ of |iquid. _Another preferr rr enqent is
mul tiple 5 do%ﬁc%%??%S %l}arozfrlagcéld ﬁsnpgoy%%igﬁgﬂf%ﬁ %ﬁeﬁgﬁ : eﬁggnfq?e ustrated-
in Figure 7. ®Rdipsridat platehdfe toddwbdentr theXam dubbdrsat ed at an angl e

bet ween 3gt 01,:80idegsegblomt RAGK S tBE‘@M%Heéj Mdthrgurgh-dgd; ext ended
el li psoidal plate 56 to deflect the ?as bubbl e 10 Lirquid 1s allowed to

exit through RXPEECHRGUPH-ERE 9% g{tgaeb?%%rw ded pl ate and
pressure disdiipatipagiagtactasdmentS| i Sldcméimsemsiorar arehekesehotopr oduce a

pressure drop | cdh%% | L.qukd .t FkNRM ze

backf | ow. The?gjfggg%\rl\ggﬁﬁ%%ﬁé;nge tr??': %Fgggeﬁg%'réerlgl%?%sa(%a”&bw th respect
to each ot hedncd dpawhdiFr mighirE 28 Pgckéhrve ThsiFeder#edi ng ef fi ci ency
in the stfage. laE&ahgéabhy dheloveaim@rsSEageAd a5 S vRish k r@spedt ag fl ooded
trays to facilitat | t att, 2 ss ;t.hrou : ownconer s
(not illust rate&?% ?’Sﬁgﬁg?% Effl'}soea_ ?Lnr}l %gﬁl%?agi g% %%ﬁalﬁv(%agllag?{th@ ay qui d.

Typi cal ly, mEdkadnBcaEfaeienny i Btédeat the bottomtwo or

Preferably the reactor stages are configured

as flooded trays to facilitate an agitator shaft to

20 pass through the downcomers (not illustrated) to 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

25 implied by flow arrows in Figure 6) may not be
sufficient to achieve the desired quality of mixing at
higher viscosities encountered. Even though weir trays
can be employed above agitated stages, flooded trays
are still preferred because they allow reactor level

30 control to be achieved by measurement at the uppermost
stage where it is most convenient.

The nylon 6,6 polyamide product 27 removed from
the bottom of the column generally will be a prepolymer
having a number-average molecular weight of between

35 about 3,000 and 8,000 and a relative viscosity (RV)
between about 6 and 16. The product contains a content
of dissolved water more or less proportional to the
pressure of the column reactor. At typical pressures
of operation, this moisture is enough to disrupt most
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three stages of the reactor to mnimze liquid by-pass. In these stages
m xi ng i nduced by gas traffic (as 25 inplied by flow arrows in Fi gure 6)

may not beyoRYihdsesd ent to achieve the desired quality of P@[‘{ﬂ hi gher
vi scosities encountered. Even though weir trays can be enp oyec} above

agitated stagﬁéthgggoggdpélr 222 BnSt | E%nggnggsurlgﬂeq}%%ggs ﬁ<L‘_hey al | ow

reactor |evel 30 c¢ontrol ach ev € upper nost
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8, 000 and Ve vi SCosi The pr oduct
contai ns a comethed, oshelims sig \Fé@wv&t & urareoopa$aas:<}1epmpbureonal to the

pressure of tPRreQGHTE HHACIAr sifled! ¥BI 5&1%9@%}{{% tobgopgeation, this
noi sture i s eno gh to jsrl:%%armst 82é$98954 CT/ UsS02/ 21071

‘et hods of peﬁaé PLAPR ot} é‘ﬁ&eﬁﬁ’l Veaﬁéa‘ﬁ ket i gEB1SE¥JPFBWi ng t he
col um react ote fhoweandchadted poessupenshté hfor edet heatnbft ure and thus to
reduce theg 5 Gapéwé&tf&merttheb?u;@ ki hgaé{.]wfbpre%e%% f By §dva{HL hod, shown

in Figure 5, |sto$ass he m x hrou 28d'to ri ng about
nost of the PEJBCPYER 5 §f ssutrel b’;7 ﬁegﬁgwo’Fatfeh ctitofdr eedicfance to

f1 ow and heat’eﬂetplpenpmbsat@sfearlut be, hewidet sdrbiapobiEzpipen. The pipe is
oot PhecroEfedyed YRIP aifosd BUNRI ACc" SofBiY, LROVELOY £E1 5 AL e

end of the prp i on ed to all ow
al most conpl e@@dsbiﬁlﬂa@ﬁ%ﬁ\ oﬂh}&péﬁpanataﬁﬂ 1% (panrises. ovhi stsaparation is

carried qu afaresél,&r@rp@ﬁt&rﬁadg@m@naugmewtairech&?estth(eedueert he wat er
content to the | eve

re the elletized. This pressure
coul d be above°REHB p’ﬁ%e?ki:e ?g U\f‘?.rel\/ﬁﬁg R IS ﬁ@ separator is
operated at nehbspheedc pili‘lvsﬁsmresenrandenldamwhovﬁhetmepaherm 43 20 is

heated to naipiabBul8¢ PRIMERYyPiRa1NG PRL8EpSEA R is operated at
atmospheric pressure or under vacuum. The separator 43
20 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 polymer. Separator 43 is preferably
25 agitated to enhance further removal of dissolved
moisture and to provide blending. The vapor 44, which
contains low molecular weight cyclic oligomers and
steam, can be recycled. The polyamide can be held in
the separator to increase viscosity of the prepolymer
30 to values suitable for 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
35 the polyamide product. The polyamide product 45
removed from the 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
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and to establish an optinum tenperature, typically between about 270 C and
285 C, to acconplish further renoval of dissolved noisture wthout causing

undue degrwglad/dossss Of the pol yner. Separator 43 is prefergbinsespi@pi t ated
to enhance further renoval of dissolved noisture and to provide bl ending.
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be he In the
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e er fur
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art such as strand casting. i i gher_ rel atiye.,viscosi.t | esired,
the pelleti zerc?apcglofar#d@g&3’8&?“%;&%1?8% ﬁebﬁ?ﬁ;{s@‘@ %t%;098954
PCTI US02/ 2107 pqsaity o istedmbynirctiorny tise spowhetls Figurd [4wi ng inert -

at nospher gosuch as miiel £0988wPhg | AbrIURB ISR 8dadbeas) ard!SidkkREROdS known
in the art. 5 An rnat,hjie net.hod of reduci nggtﬁh%?qgml sture content of
I

|t
the pol ymer, W3 FYHr&SSbfacievert iadong aspe 2RSS oo suppl y
nitrogen 40 tcHeheresemtninveaician. at one or nore | ocations bel ow t he
bottom nost point of steaminjection, as shown in Figure 4. 10 The
following nonlimting exanples are presented to further illustrate various
aspects and features of the presentZXMMBLES on. EXAMPLES 15 Test Met hods
The nylon16, 6 that could be prepared in accordance .wth the Exanples
woul d be anal yzed for am ne and acﬁ'gsteﬂg&@&’sthe nmet hods descri bed on

pages 293 and 294 in _ .
The nylon 6,6 that could be prepatred in accordance .
: !

.with the Examples would be analyzed for amine and acid
ends by the methods described on pages 293 and 294 in

20 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™.

The relative viscosity (RV) of the polyamide

25 samples would be measured as the ratioc of the viscosity
of a solution of 8.4 wt% polymer in a solution of 90
wt% formic acid and 10 wt% water at 25°C, to the
viscosity of the formic acid-water solution, measured
in the same units at 25°C.

30

EXAMPLE 1
A counter-current column reactor with 11 stages
would be fed continuously at the top stage with a
mixture containing adiponitrile (80 weight percent),

35" water (20 weight percent) and phosphoric acid (0.1
weight percent) at a rate of 50 lb/hr. Superheated
steam would be injected continuously at the third and
fourth stages from the bottom of the reactor at a rate
of 15.0 lb/hr for each stage. Vapour of
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20 volunme 17 of the "Encycl opedia of Industrial Chem cal Analysis”
publ i shed by John Wley & Sons, Inc. in 1973. Ntrile ends would be

measur ed byolohihdsdss €d absorption in the range of 2240- 2349S88210710e
relative viscosity (RV) of the polyam de 25 sanples woul d be neasured as

the ratio of higaybefppideniling 98LILI B0 Slok AdMERILYBRELN @ Sol uli on

of 90 wt* formc aci % _wat er S viscosSity of the
form c acid-whPe? SBF HPRFE BFhsGfefaChnot nehe KRFHeM t¥oafta8es . 30 EXAVPLE
1 A counter - ciotabt Lol wh theabeaamethplddediamgiore wsadkddbbe fed

conti nuously . | a mxture containing adiponitrile (80
wei ght pe%centg#?£§§*$§g?§aq%§&wv@?ght percent) and phosphoric acid (0.1

wei ght percent) at a ratke gfeasgorprarld SpperPreaxdatel¥agPwWbeed be inj ect ed

conti nuousl yf Aighhgnd hdek aid 8 Gacht incéagss diameddie bentrmseigs he reactor
at arate o

5 | b/ hr, f h, st Y/ f 5 15 WO 02/098954
PCT/ US02/ 2107‘Igh%§%n5‘?$€r/"r°e’ﬁré”(?ﬁlg§i- ke é‘%ﬁ?ﬁaﬁégiirp%r 8§ B5AEFNTRUEEyY into
the upper par&ndfbebew ©f hhe borisentab seafmtedibeairitrowlioé: t he

hexanet hyj @negh2pi-08r $Ophel P& RsIBE! 8% BBEELYa b D 1ldbehr haxtfﬂﬁ%irgﬁg g; “ESLﬂ

be approxi mate 0 feet_ hjgh and have an 8 inch I nternal

stage of thet#gﬁé?%?svﬁjl]d)ggéoségﬁré?%]a'f‘f”o tFEWEERGE EBov®  and below it
by a horizont hbleerédrafeedridr diemetéhed# Dl bad ror er hiodesldiecehes st of
circul ar plat ' L ckpe 1£8 .t i it etween 6 to
16 hol es of ??8&%‘%%@%?%%?5@ gr ?’?‘Fgﬁsoﬁ&é ﬂao?ge‘é:- 8%%%F§n' %?gdi ameters 4
and 6 inches fbéktedpwith s adethzrg devacerers tieroAdayidt Rresag®wWnconer s
for |iquixk passagerhd Srddtdreacimperheaperwdbul® vwWohtkelteat 6@l | ed on each

SCt g%g fﬁet Bg% F%ﬁ,.ﬂ;agé. g;?oe)i:'hsatteg’ gWaEiQeﬁPeeJttP&eds,t %g%hoghghg?lgeact or at 22Q
stage of the reactor at 220 C and the bottom stage at "
276 C. The column pressufe would be controlléd at 265
psig (1.83 MPa). The total liquid hold up time in the
20 column would be approximately 3 to 4 hours.
The vapour leaving the top of the reactor would
consist of mainly steam (approximately 23.3 lb/hr) and
ammonia (approximately 12.6 1lb/hr) with low levels of
organics (less than 0.1 1lb/hr). The liquid leaving the
25 bottom of the reactor would contain nylon 66 prepolymer
and approximately 5.3% by weight water. It would
contain less than 20 moles of nitrile functional end

groupsa per million grams of nylon 66.

30 EXAMPLE 2
A counter-current column reactor with 11 stages
would be fed continuously at the top stage with a
mixture containing adiponitrile (80 weight percent) and
water (20 weight percent) at a rate of 50 lb/hr.

35 Superheated steam would be injected continuously at the
' third and fourth stages from the bottom of the reactor
at a rate of 15.0 lb/hr for each stage. Vapour of
hexamethylenediamine would be gupplied continuously

into the upper part of each of the bottom two stages.
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276 C. The columm pressure would be controlled at 26.5 psig (1.83 MPa).
The total liquid hold up time in the 20 columm woul d be approximtely 3 to
4 hours. ThEyerey" |eaving the top of the reactor would I of mainly
st eam (apprgx%’rra%gl y 23.3 I b/hr) and amroni a (appr oxi ma{) flggb%?%gll b/ hr)

wth | owl eve,#%tg flc{“g%ry %ife( Lg%%;[népﬁpplg?&di%@h@ WOutrﬂg Leqw d leaving the

25 bottom of e reactor wou preporyner and
appr oxi mat el yaEp R inatedivghe wWalkr: |t vvoul d contain |less than 20 nol es of

RI tri Ite functi on?ITtesTncte@rtwpﬁoaea ltsrelégiﬁf?ﬂirﬁﬂv‘elqﬁ ZDYEeEt?ﬁh g0 tE><AI\/PLEI 2
counter urr col um react or. W S es e n I nuously
o CThe Cors ot B0 B B 1 iBEh, SnteRPal AEaRStR poRRE PEREBPhal ght
percent) and thetxeadttr wmoudht bpeseparjted fromtthieofstBgel bbbve B

Super heat ed spepgy, Would, '%ethhEBh@QlCB&fé‘f@é&i bairibbe thiird and fourth

st ages fromthe bottom™of _the reactor a rate of 15,0 | b/hr for each
stage. Vapour® by rripxe My erRBat gk Ak RI@5sei BaVEBHt 2 nuous| y into

tg_e_ uggg/r part-.hi)é}uwsmdﬁ 1t/]lcaetboBy’0rT11hm strﬁgeSbetwe?eﬁ 6\ 026 098954
PCTI U t
ﬁﬁ%@% at}% 1@tk H% Q&‘é u%Pi'jbf&?%r?@ ﬂglewogkgﬁf)feet hi

approxi matel y he Feactor ~Wb r oxi matel
and have an 8of ndtamehiasiand aﬂﬂaﬁe%éﬁheEaWs‘faééeanasﬁﬁgere%ﬂé@or woul d be

separated frofitted séage oaieowe 8hdee bebwnedriehy ﬂuhQﬁanat Bhspegd or at ed
barrier. The barr l,|1errs tconsi,s{é of ccl){l)f Iarép g:eg §VI ng a

thi ckness of 1/8 to 3/ 435 (?ﬁ WP R-Berie et REFES B¢ 1/8 inch

di ameter dri Ieeglhcmtaﬂ%(ﬁoe@hél:rel gradbénii emetteds #ighdtBei hapes for vapour
passage, ghd siééée(gf"!ﬂé‘ £eaet8E LBr 8go dewrm{es Ho%olnl gehde PRSSage. The

react or terrper ature el controll ed on sta at a gradient

i ot o0, i 2Tt op Theh UHEE BFSPRECS CdettH Bh CASTEIaAN ThebHOt tom

stage at 276 feidhés col MBRa)pr eThar tovsll| Hidpeid drnildolpedime 660the Pk
column would be approximately 3 to 4 hours.

5

The vapour leaving the top of the reactor would

20 consist of mainly steam (approximately 20 lb/hr) and
ammonia (approximately 12.6 lb/hr) with low levels of
organics (less than 0.1 lb/hr). The liquid leaving the
bottom of the reactor would contain nylon 6,6
prepolymer. It would contain less than 20 moles of

25 nitrile functional end groups per million grams of
nylon 66.
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psig (4.14 MPa). The total liquid holdup tinme in the colum would be
approximately 3 to 4 hours. The vapour leaving the top of the reactor would

20 consi st igthy steam (approximately 20 | b/hr) and TR
(appr oxi mat e g/%%%ﬂ% | b/hr) with low |l evels of organics (less %/ f%l 0.1

| b/hr). The liquid | eaving the bottomof the reactor would contain nylon
6,6 prepolyner. It would contain |ess than 20 noles of 25 nitrile
functional endERToAS CEBIMED I8 4y granms of nylon 66. WO 02/ 098954

PCT/ US02/ 21071 WHAT IS CLAIMED IS : 5 1. A continuous process for the

manuf act urg of, nyl gn I [teile LA o rising the steps of:
a) providi ‘rg;g a1 'ver% Cc{g@!t%g&%?%}%éc?%% fén%l‘fl%t%g%ufae@é%&rgr a\ﬂyﬁ'ﬁna top and
a bottom, and.éhdinanyadppenitsileddDindcoomeisinagehe afwpd ofact or 10

bei ng equi pped wit R)i nt @r-BekaPey foraled cBar Ebaht8BalsSredtor establishing a
plurality of stages and for _effecting contac an_ ADN-cont ai ni ng stream

t .of
and a counter - FRBGFOG TAVdRs &t FBEnfnﬁ)aiH?t?tiﬁ?lci%’gl into said
react or an ADMalE ngonippien agagencehtl oskereatrages ansdilN radateauct i on poi nt

near the 4gp GiesSRY %q?‘i@?kﬁ%i@ﬁ ﬁ&%&%@ﬁcgggfkﬁég gL LRACTAL 3 Steam
cont ai ni ng stream-at at_Feast one poift néar the bottom of Sald reactor;
20 d) i ntrodudify g7 ldghdng eadtioirad itHe RENBEAFERNRRA difAthe- cont ai ni ng

stream at at |effdctdne cpatatt e an BDE-ABNththiAgUSt T RRIAE, €)

mai ntai ni ng a Lt bhp_sal en 100 and 800 psig (0.69
and 5.52 MPa) %\%%}%ﬁrgg%ggafﬁd@ggf%%% gggg%ﬁéai d reactor between 190
and 250 degrees Ckind &nteadericriats: sppd peaebarcdn SNt reactor between

260 and 296 degyrRRSrSng’ kredtt itk BYreGnd agt @AMRBNIi AEFRRIICAN RLAENY
s£ ggﬁ(r:nt over heal_gle‘_iogc Sa %o%eggtgéid %Oea c)rr?coverl ng a nylon 6, 6-containing
P . c) introducing into said reactor a steam- :
containing stream at at least one point near the bottom
of said reactor;

20 d) introducing into said reactor a
hexamethylenediamine-containing stream at at least one
point below the ADN introduction point;

e) maintaining a pressure within said reactor
between 100 and 800 psig (0.69 and 5.52 MPa) and a

25 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;

E) withdrawing a steam and ammonia-containing
stream overhead of said reactor;

30 g) recovering a nylon 6,6-containing product
stream from the bottom of zaid reactor;

wherein in said process the introducing of the ADN-
containing reactant stream and the introducing of the
35 HMD-containing stream are adapted to provide a nylon
6,6-containing produdt stream in which the nylon 6,6 is
characterized by balanced amine and acid ends.
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stream fromthe bottomof said reactor; wherein in said process the
i ntroducing of the ADN- containing reactant stream and the introduci ng of

the 35 HVDyp@Bhedoky Ng stream are adapted to provide a nybegysfyRefont ai ni ng
product streamin which the nylon 6,6 is characterized by bal anced ami ne

and aci d endsy - Line W0LO2LA0R5H BCT USPRLANIT 112 aBhecRERERSRgl ol ai m 1

wherein the ADN- cont ai stream conpri ses substanti a DN or an
aqueous  sol u?FBﬁa@oﬁ“P@Pﬂﬁﬁf @Gmﬁéagslﬁké?ﬁr%m%?rmépgﬁﬁue@% The

process of cl abluRivhecontuidieg BexaseddweraditamDre bgoRtaght Ng st ream
conprises substantially pure hexanet hyl enedi am ne or an aqueous solution
contai ning 80 _to 90 percent 10 hexanethyl enedi am ne by weight. 4. The
process of cldirm 3ThnePERFRah@fpréssnre whensin e d reactor is 400 to 800

pSI? (2.76 tﬁh5x5@eﬁﬁ?iené&iéﬁlﬁgh@o?ﬁéﬁﬁiﬁg(HtﬂéaﬁlFbﬁ f@ﬁé@'n an oxygen-f
cont ai ni ng phgs us s react or rocess. o
claim5s mhereFHB?ﬁ 5%?5@6- SFﬁ?ﬂénﬁﬁBE SﬁtaFyggu?ggihosphorous
acid, 20 phosphbutmoac¢qht&ﬂﬂ@ﬂ9-8&nﬂ°a9®dpennﬂnnn tuted phosphonic acid,
hypophosph@rngxaﬁégh PhasPRiine g? Heigif. M xtures thereof. 7. The process

of claim®6 wherein the pressure wihin 25 said reactor is 100 to 300 psig
(0.69 to 2.07 MPa).

4. The process of claim 3 wherein the pressure within
said reactor is 400 to 800 psig (2.76 to 5.52 MPa).

15 5. The process of claim 4 wherein an oxygen-
containing phosphorous catalyst is fed to the reactor.

6. The process. of claim 5 wherein the oxygen-
containing phosphorous catalyst is phosphorous acid,

20 phosphonic acid, alkyl- and aryl- substituted
phosphonic acid, hypophosphorous acid, phosphoric acid,
or mixtures thereof.

7. The process of claim 6 wherein the pressure within
25 said reactor is 100 to 300 psig (0.69 to 2.07 MPa).
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